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A B S T R A C T

Background: Enhanced depth-of- focus intraocular lenses (EDOF IOL) have filled the gap between monofocal and
multifocal intraocular implants with optical qualities of monofocal lenses and usually minor dysphotopsias typical
for multifocal lenses. The purpose of this study was to evaluate visual outcomes after bilateral implantation of a
new EDOF IOL in patients with requirements for perfect near and intermediate vision.
Methods: The study included 15 patients (29 eyes as one was amblyopic) with bilateral implantation of LUX-
SMART EDOF IOL (Bausch & Lomb) with a targeted myopia (between –0.25 and –0.50D) in both eyes. Monocular
corrected and uncorrected visual acuity for far, intermediate and near as well as refractive outcomes were
evaluated at 1, 3, 6 and 12 months after the surgery. Additionally, binocular visual acuity, contrast sensitivity and
defocus curve were measured at the final follow-up visit. At 12 months’ visit patients completed a questionnaire
evaluating patient satisfaction, spectacle independence and presence of dysphotopsias.
Results: Binocular uncorrected visual acuities at 12 month’s visit were 0.13 � 0.16, 0.06 � 0.08, 0.07 � 0.09 and
0.15 � 0.09 logMAR for far distance, 80 cm, 66 cm and 40 cm respectively. Corrected binocular visual acuities at
12 months were 0.00 � 0.00, 0.05 � 0.07, 0.05 � 0.06, 0.13 � 0.16 respectively for distance, 80 cm, 66 cm and
40 cm. Automated refraction spherical equivalent at 12 months’ visit stood at –0.70 � 0.48D, which was 0.46D
less than calculated biometric target, however spherical equivalent of subjective refraction at 12 months equaled
–0.49 � 0.46D, which was closer to preoperative biometric target. Defocus curve had gentle shape without peaks
typical for monofocal IOLs. Binocular contrast sensitivity results were superior to average results for that age
group and equaled 1.78 � 0.16 logMAR without correction and 1.81 � 0.13 logMAR with correction. Spectacle
independence for near and intermediate distances was achieved in all patients and for far distance in 73.3% of
patients. Burdensome dysphotopsias were not reported in any case.
Conclusions: EDOF IOLs targeted bilaterally at low myopia can provide excellent near and intermediate visual
acuity and independence of any optical correction in majority of cases. This approach can be used in selected
patients who are focused on stationary activities.
1. Background

Cataract surgery, since the onset of phacoemulsification technique,
provides excellent results with just minor percentage of cases suffering
from intraoperative or postoperative complications.1,2 Introduction of
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multifocal intraocular lenses (MIOL), considered a premium product, has
set up patients’ expectations very high, especially regarding the spectacle
independence and quality of vision. Despite providing relatively good
uncorrected visual acuities at all distances, MIOLs also produce some
optical phenomena, called dysphotopsias, that affect quality of vision and
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Table 1
Baseline characteristics of the study group (15 patients, 29 eyes).

Analyzed trait M SD Min Max

Age (years) 63.83 6.51 43.00 76.00
CDVA (logMAR) 0.64 0.39 0.10 1.40
ARSE (diopters) –0.83 3.34 –9.00 5.75
SRSE (diopters) –0.12 3.39 –7.00 8.00
Astigmatism (absolute value in cylinder
diopters)

1.14 0.74 0.00 3.00

Biometric target (diopters) –0.24 0.12 –0.51 0.10
IOL power (diopters) 22.41 3.47 16.50 31.00

CDVA – corrected distance visual acuity; SRSE – subjective refraction spherical
equivalent; ARSE – automated refraction spherical equivalent; IOL – intraocular
lens; M –mean value; Min – minimal value; Max – maximal value; SD – standard
deviation.
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by the patients are perceived as disadvantages. These are typically
“halos” or “glare” around the light points and decreased contrast sensi-
tivity, especially at night. Burdensome optical patterns are the result of
physical construction of MIOLs3–6 and although they can be tolerated by
most of the patients after a few months of neuroadaptation, actually they
do not disappear.7–9

Enhanced depth of focus (EDOF) IOLs are a relatively new concept of
premium intraocular lenses that could be placed between the mutifocal
and monofocal IOLs. The difference between multifocal and EDOF IOL is
that EDOF provide one elongated focus instead of two or three, which is
the principle of design of MIOL.9–12 The elongation of the focus provides
possibilities for achieving a range of good uncorrected visual acuity in
contrary to monofocal IOLs, in which there is only one principle uncor-
rected visual acuity target, usually set at far distance.13 Typically, EDOF
lenses are also calculated to correct vision for far distance, but with
significant enhancement of visual performance at intermediate distances
and usually some optical correction needed for near vision. The elonga-
tion of a single focus instead of creating a few focal points, as it is
designed in MIOLs, prevents the overlap of the coexisting secondary
out-of-focus images deriving from all the optical focuses.14 Due to that
design, EDOF IOLs produce less dysphotopsia (especially in case of
refractive EDOF IOLs) and are generally well tolerated by the pa-
tients.15,16 This, however, is for the sake of compromise with some op-
tical correction for reading. The main goal of the study was to test the
approach of targeting bilateral postoperative lowmyopia with a new type
of EDOF IOL of purely refractive design in patients who are focused on
stationary activities, such as reading and working with computer, and are
willing to sacrifice some distant acuity for the sake of perfect near and
intermediate vision. The outcome was evaluated by checking post-
operative automated refraction spherical equivalent (ARSE), subjective
refraction spherical equivalent (SRSE) equivalent to accepted optical
correction at distance, postoperative visual acuity, contrast sensitivity,
spectacle independence and frequency of dysphotopsias.

2. Materials and methods

The study was conducted according to the guidelines of the Decla-
ration of Helsinki, and approved by the local bioethical board (Komisja
Bioetyczna at OIL in Gda�nsk, approval no. KB-38/21, 2021). Informed
consent was obtained from all the subjects involved in the study.

The retrospective study included a group of patients that had imme-
diate sequential bilateral cataract surgery performed by one surgeon
(MG) with the use of recently introduced LUXSMART EDOF intraocular
lenses between January and March of 2021. The IOLs were provided by
the manufacturer and offered to the patients without charge.

The study group consisted of consecutive patients who accepted the
postoperative minor myopia concept with new EDOF IOL and consent to
immediate sequential bilateral cataract surgery. Originally the group
included 21 participants however finally 15 individuals completed the
full study protocol and were included in the analysis. One eye was
excluded from the analysis due to amblyopia detected after the surgery,
thus the analyzed cohort included 29 eyes. All of the participants were
interviewed according to their lifestyle and declared predominantly in-
door activities such as reading and using computer and required good
near and intermediate visual acuities. Most of the patients were not
drivers or drove very seldom. They also accepted the possibility of small
postoperative optical correction for distance for the sake of enhancement
of near and intermediate vision. Only eyes without ocular disorders that
could influence the visual outcome were included in the study. Exclusion
criteria involved the following local conditions: macular degeneration,
macular edema of any origin, vascular retinal disorders, disorders of
vitreoretinal interface, glaucoma with visual field defects, corneal
opacities, large astigmatism of >3D and amblyopia in medical history.

The following visual performance parameters were the subject of the
analysis: corrected visual acuity (CVA) and uncorrected visual acuity
(UVA) after the surgery for far distance (6 m), intermediate distances: 80
87
cm and 66 cm and near: 40 cm. Manifest refraction and optical correction
after the surgery as well as percentage of patients independent of the use
of spectacles were also evaluated. Testing was performed separately for
the left and right eye at baseline and at 1, 3, 6 and 12 months post-
operatively. Additionally, binocular visual acuities, defocus curve and
contrast sensitivity were recorded at the final visit at the 12 month
postoperatively. Defocus curve was measured with best accepted
correction at 6 m. Spheric lenses from -4D to þ2D in 1D increments were
afterwards added to the best correction in both eyes and binocular visual
acuity at 6 m recorded for each spherical value. Binocular contrast
sensitivity was tested on standard Pelli-Robson chart at 1 m. Results were
recorded separately for the best accepted correction and without
correction. LogMAR values were used to report results of visual acuity
and contrast sensitivity testing. All the measurements were performed by
the optometrist, unaware of the type of the implanted IOL.

For the purpose of this study the following terminology was used:
ARSE – automated refraction spherical equivalent, SRSE – subjective
refraction spherical equivalent corresponding to spherical equivalent of
accepted optical correction, CVA – corrected visual acuity, UVA-
uncorrected visual acuity, UDVA – uncorrected distance visual acuity,
CDVA – corrected distance visual acuity, UIVA – uncorrected interme-
diate visual acuity, CIVA – corrected intermediate visual acuity, UNVA –

uncorrected near visual acuity, CNVA – corrected near visual acuity.
Manifest refraction was measured with the use of automated refrac-

tometer (Huvitz HRK-1, China 2020). Three measurements were per-
formed and mean values were included in the analysis. The results were
calculated to a spherical equivalent (ARSE). Subjective refraction at
distance and defocus curve were manually determined by experienced
optometrist. Results were also calculated to spherical equivalent (SRSE).

Additionally, all of the patients underwent a standard ophthalmo-
logical examination before the surgery and at each of the follow-up visit.
That included assessment of anterior segment and fundus after dilation of
the pupil and intraocular pressure measurement.

Biometry was performed using the IOL Master 700 Optical Biometry
(Carl Zeiss 2019). IOL power was calculated from the Barrett Universal II
Formula available online at. https://calc.apacrs.org. The calculation was
performed for spherical IOL, as the used new EDOF IOL is available only
in spherical powers (toric version of that IOL is not yet available). The
patients targeted postoperative refraction was low myopia (between
–0.25 and –0.50D) to enable spectacle independence for intermediate
and near visual task.

Baseline characteristics of the study group is provided in Table 1.

2.1. Surgical technique

The surgical technique applied in all cases was lens phacoemulsifi-
cation with the use of Stellaris machine (Bausch & Lomb) and clear
corneal incision of 2.2mm. There were no intraoperative or postoperative
complications noted in any case.

http://calc.apacrs.org
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2.2. EDOF IOL characteristics

LUXSMART EDOF IOL (Bausch & Lomb) is a pure EDOF IOL, which
means that its design involves only the spherical aberration as a principle
for enhancing the depth of focus.12 The IOL is designed with 2 mm EDOF
center, which employs combination of 4th and 6th orders of spherical
aberration of opposite signs. Outside the EDOF center is placed relatively
narrow patented transition zone to smoothly decrease the optic vergence.
The transition is designed to control the trajectory of light rays to ensure
no light is outside the range of vision. The remaining peripheral part is
designed as aspheric monofocal (Fig. 1.).

The IOL is made of hydrophobic material and comes in preloaded
form to be injected trough 2.2mm incision.

2.3. Patients’ satisfaction questionnaire

All 21 patients completed an internally developed questionnaire at 12
months after surgery, however for the purpose of the consistency of the
study, answers from 15 patients who completed the full study protocol
were included in the analysis. The questionnaire included patient’s
satisfaction after the surgery, the ratio of active time with independence
of glasses and perception of burdensome dysphotopsias or any in-
conveniences of that type after the surgery-halos, glare, light splitting,
scotomas, loss of contrast, problems with night vision, especially night
driving.

The questions asked and results of the survey are provided as Table 4
in the results section.

2.4. Statistical analysis

Numerical traits were described by using their mean, median, stan-
dard deviation, lower-to-upper quartile, and minimum-to-maximum
values. The normality of distribution was assessed using the Shapir-
o–Wilk W test. A Friedman ANOVA was performed in order to test the
significance of changes in the measurable variables throughout the 12-
month period of observation. Multiple comparisons were performed
with Bonferroni correction. The Pearson product-moment correlation r
coefficient was computed when assessing relationships between selected
numerical traits. A level of P < 0.05 was considered statistically signifi-
cant. All the computational procedures were performed by using Statis-
tica™, wersja 14 (TIBCO Software Inc., Palo Alto, CA, USA)

The minimal necessary sample size was calculated with parametric
ANOVA test for repeated measurements, significance at P < 0.05, sta-
tistical power of a study at least 80%; this equaled >20 eyes.

3. Results

29 eyes of 15 patients were analyzed in the study, including 8 females
Fig. 1. Design of LUXSMART EDOF IOL. EDOF center consists of combination of
spherical aberrations of opposite signs. Patented transition zone provides
smooth transition of light. Monocular periphery has aspheric surface.
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and 7 males with the mean age of 63.83 � 6.51 years. One eye was
excluded from the study due to significant amblyopia detected after the
surgery. All the patients consent to binocular cataract surgery, which was
a preferred and recommended form of cataract treatment during COV-
ID–19 pandemics in Poland. Patients were followed for twelve months
after the surgery. The analysis included results of baseline examination
and at follow-up visits at 1, 3, 6 and 12 months.

In each case at any point of the follow up, LUXSMART IOL remained
well-centered in the lens bag. Significant posterior capsule opacifications
were not observed during the follow-up period.

All the monocular postoperative results for AR, optical correction and
corrected and uncorrected visual acuities for far, intermediate and near
distances are provided in Table 2.

The outliers at BCVA examination were eyes that presented with pre-
and postoperative astigmatism of more than 2.0 cyl. D.

Comparison of the CDVA before the surgery with both CDVA and
UDVA at each of the four follow-up time-points proved statistically sig-
nificant improvement (P < 0.0001) (Figs. 2 and 3). Variations of the
corrected and uncorrected postoperative visual acuities at all distances
are significant with P < 0.001. Pairwise comparisons show that signifi-
cant visual acuity improvement is noted for all measurements between
the first and third month post-surgery (P< 0.05) with stable results noted
afterwards. Differences in visual acuities scores noted between month 3,
6 and 12 are less than 0.1 logMAR in every case.

Postoperative ARSE was stable without substantial difference between
the values at month 1, 3, 6 and 12 (P¼ 0.6113 in ANOVA Friedmann test).
Nevertheless, mean biometric target before surgery (–0.24D) was signifi-
cantly different from final ARSE at six months (–0.70D) with P ¼ 0.0001.
The mean value of SRSE after the surgery was stable with the value of
–0.49D at the final follow-up visit. It was also significantly different from
the biometric target of –0.24D (P ¼ 0.0076). Mean postoperative astig-
matism was stable with the final value of –0.92 � 0.57 cylinder D
(P ¼ 0.5320 in ANOVA test).

Results of binocular visual acuity and contrast sensitivity testing at
the 12 month’s visit are presented in Table 3.

Results of the measurements of defocus curve are presented at Fig. 4
The curve has a gentle shape without peaks and shows mean best cor-
rected visual acuities better than 0.1 log MAR for defocus between 0 and
2 diopters (see Fig. 4).

3.1. Patients’ satisfaction questionnaire

For the purpose of the study we decided to develop a simple ques-
tionnaire that comprised of a few questions that evaluated performance
of the implanted IOL in everyday life: visual acuity at different distances,
the ratio of active time with independence of glasses and perception of
burdensome dysphotopsias. Results of questionnaire filled by all 15 pa-
tients 12 months after the surgery are presented in Table 4. None of the
patients needed additional optical correction for near and intermediate
distances and only 4 out of 15 patients (26.7%) occasionally used spec-
tacles for distance. These situations included mainly watching television
and sometimes outdoor activities, like shopping. The perception of
burdensome dysphotopsias was not noted in any case.

4. Discussion

Majority of patients in our study achieved satisfactory postoperative
uncorrected visual acuities with independence of spectacle correction for
near and intermediate distances. As long as the numbers are considered,
the uncorrected visual acuities at intermediate distances were close to
perfect. Uncorrected near acuities were also sufficient to perform reading
without optical correction.

Just 26.7% of patients required optical aid for distance, however
according to our survey it was used for less than 50% of active time. In
majority of cases postoperative UDVA was sufficient to perform routine
everyday activities. Mean binocular UDVA was 0.13 � 0.16



Table 2
Postoperative outcome at 1, 3 and 6 months. CVA and UVA values are provided in logMAR units and correction and refraction values in diopters.

Timepoint/
Parameter

1 month 3 months 6 months 12 months P-value

M SD Min. Max M SD Min. Max M SD Min. Max M SD Min. Max

ARSE –0.73 0.57 –2.13 0.37 0.72 0.43 –1.75 0.38 -0.77 0.45 –1.75 0.25 –0.70 0.48 –1.75 0.25 0.6113
Astigmatism (D cyl.
absolute value)

1.08 0.51 0.0 3.0 0.90 0.53 0.00 2.25 0.90 0.51 0.25 2.50 0.92 0.57 0.0 2.50 0.5320

UDVA 0.35 0.18 0.00 0.90 0.23 0.18 0.00 0.90 0.23 0.18 0.00 0.90 0.24 0.18 0.00 0.90 <0.00001
UIVA (80 cm) 0.18 0.16 –0.10 0.50 0.10 0.16 0.00 0.60 0.09 0.13 0.00 0.40 0.09 0.11 0.00 0.40 0.0002
UIVA (66 cm) 0.19 0.17 –0.10 0.50 0.10 0.16 0.00 0.50 0.10 0.14 0.00 0.40 0.10 0.11 0.00 0.30 0.0008
UNVA (40 cm) 0.20 0.17 –0.10 0.40 0.18 0,15 0.00 0.40 0.18 0.15 0.00 0.40 0.18 0.21 0.00 0.60 0.0006
SRSE –0.54 0.40 –1.50 –0.25 –0.41 0.48 –1.75 0.38 –0.49 0.46 –1.75 0.13 –0.49 0.46 –1.75 0.13 0.4140
CDVA 0.10 0.18 0.00 0.90 0.04 0.15 0.00 0.90 0.04 0.14 0.00 0.90 0.03 0.06 0.00 0.20 <0.0001
CIVA (80 cm) 0.18 0.16 –0.10 0.50 0.10 0.16 0.00 0.40 0.09 0.13 0.00 0.40 0.08 0.11 0.00 0.40 0.0001
CIVA (66 cm) 0.20 0.17 –0.10 0.50 0.10 0.14 0.00 0.48 0.10 0.14 0.00 0.40 0.07 0.10 0.00 0.30 0.0001
CNVA (40 cm) 0.21 0.16 –0.10 0.40 0.18 0.15 0.00 0.40 0.18 0.15 0.00 0.40 0.18 0.20 0.00 0.70 0.0001

ARSE – autorefraction spherical equivalent; UDVA – uncorrected distance visual acuity; CDVA – corrected distance visual acuity; UIVA – uncorrected intermediate visual
acuity; CIVA – corrected intermediate visual acuity; UNVA – uncorrected near visual acuity; CNVA – corrected near visual acuity; SRSE – subjective refraction spherical
equivalent; SE – spherical equivalent; IOL – intraocular lens; M – mean value; Min – minimal value; Max – maximal value; SD – standard deviation; D cyl. – cylinder
diopters.

Fig. 2. Changes in uncorrected visual acuities after the surgery (logMAR
values).
UDVA – uncorrected distance visual acuity; UIVA – uncorrected intermediate
visual acuity; UNVA – uncorrected near visual acuity.

Fig. 3. Changes in corrected visual acuities after the surgery (logMAR values).
CDVA – corrected distance visual acuity; CIVA – corrected intermediate visual
acuity; CNVA – corrected near visual acuity.

Table 3
Binocular visual acuity and contrast sensitivity (logMAR) recorded in the study
participants after 12 months of observation (15 individuals). P values refer to
differences between visual acuities at different distances.

Analyzed trait M SD Min Max P - value

UDVA 0.13 0.16 0.00 0.50 0.1064
UIVA (80 cm) 0.06 0.08 0.00 0.20
UIVA (66 cm) 0.07 0.09 0.00 0.20
UNVA (40 cm) 0.15 0.09 0.00 0.50
CDVA 0.00 0.00 0.00 0.00 0.0006
CIVA (80 cm) 0.05 0.07 0.00 0.20
CIVA (66 cm) 0.05 0.06 0.00 0.20
CNVA (40 cm) 0.13 0.16 0.00 0.40
CS without correction 1.78 0.16 1.40 2.00
CS with correction 1.81 0.13 1.55 2.00

UDVA – uncorrected distance visual acuity; CDVA – corrected distance visual
acuity; UIVA – uncorrected intermediate visual acuity; CIVA – corrected inter-
mediate visual acuity; UNVA – uncorrected near visual acuity; CNVA – corrected
near visual acuity; CS – contrast sensitivity; M – mean value; Min – minimal
value; Max – maximal value; SD – standard deviation.
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(corresponding to approximately 0.7 Snellen), which sustained a satis-
factory result for the patient, who spent most of the time indoors. It has to
be realized though, that active persons, performing more driving and
outdoor activities, might not be fully satisfied with such result, thus
precise patient selection is necessary for targeted myopia approach.

The analysis of optical outcome in our study has to take into account a
few facts. Defocus curve of the analyzed EDOF IOL has a mild curvature
89
without peaks typical for monofocal IOLs, what explains noted visual
enhancement for intermediate and near acuities. Moreover, results of
contrast sensitivity testing revealed excellent acuities, higher than
average results for that age group reported in the literature.17 It has to be
remembered though, that our biometric target was set at –0.25 to –0.50D
to gain better vision for near and intermediate distances. This functional
goal was achieved in 100% of eyes, however, it has to be considered, how
this outcomewas enhanced by the value of postoperative ARSE (–0.70D),
which was significantly lower than the biometric target. On the other
hand, the value of subjective refraction (SRSE) was lower than ARSE at
all 4 follow-up points. According to available data, refraction readings
obtained from eyes after implantation of EDOF IOLs with the use of
automated autorefractors are usually lower than actual refraction. This is
due to erroneous reading of the EDOF IOL by the machines: spherical
aberration employed in EDOF IOLs causes myopic shift in that kind of
measurements.18,19 As final SRSE had a –0.49D value, we can assume,
that our biometric target was exceeded by approximately a quarter of a
diopter and that could have enhanced the IOL performance for near. We
believe that this discrepancy is due to the use of A-constant that was
provided by the manufacturer but not yet optimized. When the study was
performed, the experience with this particular IOL was practically none,
and later on, our and other studies provided data that led to change in
A-constant for the LUXSMART lens.

Our approach with targeted bilateral minor myopia in both eyes is not
a common strategy used with EDOF IOLs. Most of the recent studies on



Table 4
Results of patient’s satisfaction survey at 12 months after cataract surgery.

Question No %

How do you grade your satisfaction of LUXSMART lenses at 6 months after surgery
(1–5 scale)

Very low – very dissatisfied 0 0
Low – rather dissatisfied 0 0
Moderate – moderately satisfied 0 0
High – satisfied but there are some faults 0 0
Very high – very satisfied 15 100
How often do you use any optical correction (for distance or near) after the surgery
Never 0% of active time 11 73.3
Occasionally <50% of active time 4 26.7
Mostly > 50% of active time 0 0
Always 100% of active time 0 0
How often do you use optical correction for distance after the surgery
Never 0% of active time 11 73.3
Occasionally <50% of active time 4 26.7%
Mostly > 50% of active time 0 0
Always 100% of active time 0 0
How often do you use optical correction for near after the surgery
Never 0% of active time 15 100
Occasionally <50% of active time 0 0
Mostly > 50% of active time 0 0
Always 100% of active time 0 0
How often do you use optical correction at the computer
Never use optical correction 0% of time 15 100
Occasionally use optical correction <50% of time 0 0
Mostly use optical correction > 50% of time 0 0
Always use optical correction 100% of time 0 0
How dysphotopic phenomena influence your activities
Do not hinder my activities at all 15 100
Sometimes hinder my activities 0 0
Mostly hinder my activities 0 0
All the time hinder my normal activities 0 0

Fig. 4. Defocus curve for the study IOL based on the binocular measurements in
15 individuals.
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EDOF IOL surgery adopt a principle of bilateral emmetropia20–22 or
postoperative monovision, with targeted emmetropia in dominant eye
and minor myopia in non-dominant eye.23–25 The first approach provides
excellent distance and intermediate uncorrected acuities with some
enhancement usually needed for near. The second form of management
enables spectacle independence for the sake of inconveniences typical for
monovision, such as decrease in distance vision or impairment of depth
perception.26,27 We believe that there is a specific group of patients who
will benefit with the strategy that we employed. These are usually pa-
tients who perform a lot of reading, writing and work on the computer
and who do not set independence of wearing glasses for distance as a
90
primary goal of the surgery. For them, benefits of perfect near and in-
termediate vision with proper binocularity outweighs minor inconve-
nience of occasional need for wearing small optical correction for
distance.

Another subject associated with the application of EDOF IOLs is the
presence or rather absence of dysphotopsias. In our study none of the
patients reported annoying optical sensations, such as halos or glare
around sources of light, which are frequently reported with the use of
multifocal IOLs. Impairment of the quality of vision, including poorer
vison at nighttime, was not observed by any patient during the study.
This finding has to be considered in the context of intraocular lens design,
that is not uniform in all EDOF-type IOLs. The common feature of EDOF
IOLs is the elongation of the optical focus, however this quality is ach-
ieved by an employment of different optical phenomena in the lens
design. Hybrid diffractive/refractive optical construction used in some
EDOF IOLs make them similar to MFIOLs: they provide substantial
enhancement for intermediate and sometimes also near distances but are
burdened with dysphotopsias attributed mainly to employment phe-
nomenon of diffraction.28,29 The other type of EDOF IOL, that we used,
bases solely on refractive principle and as such is observed to generate
less dysphotoptic phenomena.30–32 This outcome was confirmed by the
results of our study as well. Nevertheless, EDOF IOLs employing purely
refractive construction are not yet commonly used as there are not many
products of that type available on the market. So far, besides the IOL
analyzed in this study, the examples of purely refractive design used in
EDOF IOLs are Vivity (Alcon), Mini Well Ready (Si Fi), Eyhance ICB00
(Tecnis), Synthesis (Cutting Edge) or Evolve (Soleko).

Biometric calculations and patients’ profiling applied in the studies
on EDOF IOLs might seem complicated and induce to rise a question
whether EDOF lenses have their position at the market if MFIOLs, cor-
recting vision for all distances, are easily available. We believe that one of
the most important advantages of pure refractive EDOF IOLs is the
absence of major dysphotopsias perceived by the patient along with
better performance compared to monofocal IOLs.33,34 Diffractive or
hybrid refractive-diffractive IOLs usually produce more dysphotopsias
and more serious decrease in contrast sensitivity. Thus, their implanta-
tion is not recommended for demanding personalities and might result in
dissatisfaction and legal claims. On the other hand, cataract surgery with
refractive EDOF IOL can be proposed for such patients.

First experience with LUXSMART IOL included three months results
of this IOL implantation in 38 eyes.35 Similarly, to our study, myopic shift
with originally provided A-constant was also reported. With classic bio-
metric approach aiming at perfect UDVA, the author achieved excellent
values for UDVA and UIVA 80 and UIVA 66 (respectively 0.06, 0.08 and
0.13 logMAR) without significant dysphotopsias. Mean postoperative
UNVA in that study was 0.32 logMAR, so in that cohort spectacle aid for
near will probably be needed.

Just recently two new comparative studies between Luxsmart IOL and
monofocal IOLs have been published.34,36 Luxsmart IOL provided supe-
rior to monofocal IOL performance for near and intermediate distance,
without significant dysphotopic phenomena.

4.1. Limitations of the study

The retrospective character and relatively small sample are major
limitations of the study. The possible bias of patient selection criteria that
included only patients with specific lifestyle has also to be considered. As
the study included patients who were less active and concentrated on
activities that required good near vision, naturally the IOL’s performance
for near and intermediate distances was the main point of their interest
with the distance performance of the lens relatively disregarded. Further
comparative studies with control group operated with the use of tradi-
tional monofocal IOLs is necessary to fully evaluate advantages of that
intraocular lens.
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5. Conclusions

Pure refractive EDOF IOLs can provide independence of spectacle
correction in terms of visual acuity in patients with stationary type of
behavior. Setting biometric target to minor myopia provides good quality
of uncorrected vision for near and intermediate distances with sufficient
uncorrected distance visual acuity in majority of cases. Pure refractive
EDOF IOLs do not elicit burdensome dysphotopsias that would compro-
mise patients’ comfort while performing everyday activities.
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