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Purpose: To assess the preliminary clinical outcomes and patient satisfaction of the new enhanced
depth of focus (EDOF) LuxSmart™ intraocular lens IOL and to compare with a conventional
monofocal IOL (Akreos™) in patients who had undergone bilateral cataract surgery.
Methods: Twelve patients underwent bilateral LuxSmart IOL implantation, and twelve under
went bilateral Akreos IOL implantation. Best-corrected distance (CDVA) and uncorrected
distance visual acuity (UDVA), uncorrected intermediate visual acuity (UIVA) at 66cm, uncor
rected near visual acuity (UNVA) at 40cm and defocus curve were assessed. Patients-reported
visual function was inquired by Catquest-9SF. The presence of photic phenomena was evaluated.
A p-value lower than 0.05 was considered for statistical significance.
Results: The mean IOL power was +21.90D in LuxSmart group and +22.30D in Akreos.
Monocular UDVA (p = 0.32) and CDVA (p = 0.52) did not differ between groups. The
average binocular UIVA (0.18 ± 0.12 logMAR vs. 0.30 ± 0.13 logMAR, p < 0.001) and
UNVA (0.38 ± 0.14 logMAR vs. 0.44 ± 0.17 logMAR, p = 0.02) were higher in LuxSmart
IOL group. No patients reported disabling photic phenomena in either group.
Conclusion: This study shows that new LuxSmart EDOF IOL achieved higher performance for
intermediate and near vision compared with a conventional monofocal IOL, without increasing
the risk of dysphotopsias. LuxSmart may be an attractive and safe option for patients who desire
spectacle independence for distance and intermediate vision after cataract surgery.
Keywords: cataract, presbyopia, IOL, EDOF, LuxSmart, enhanced depth of focus,
intraocular lens
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Cataract surgery has evolved considerably in the last decades. Surgical technique
improvements, higher intraocular lens (IOL) calculation formulas accuracy and devel
opment of many advanced IOLs increased refractive issues associated with cataract
surgery. Nowadays, patients have higher expectations and some desire spectacle inde
pendence for both distance and near. The increasing use of technology raised concerns
regarding intermediate vision.1 Multifocal IOLs were designed to simultaneously pro
vide good distance and near visions but usually provide insufficient intermediate vision.2
Furthermore, they can be associated with visually significant photic phenomena which
could be very unpleasant and require very meticulous patient selection.3 As such,
monofocal IOLs are still the most implanted IOLs in cataract surgery and there is gap
to fill with an IOL that offers a good balance between uncorrected distance and inter
mediate vision and photic phenomena.
To overcome the issues of multifocal IOLs, there is a growing interest toward
new technologies that may improve the intermediate performance of monofocal
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IOLs. LuxSmart™ IOL (Bausch & Lomb GmbH, Berlin,
Germany) is a newer-generation 6.0mm single piece,
acrylic hydrophobic and aspheric IOL. Its design creates
a small central zone which combines 4th and 6th orders of
spherical aberration of opposite signs to increase the sub
jective depth of focus and further improve intermediate
vision while maintaining good performance at distance.
This study aims to present a case series to evaluate the
preliminary visual outcomes and vision-related quality of
life of the new enhanced depth of focus (EDOF) IOL LuxSmart - and to compare with a conventional monofocal
IOL - Akreos™ - in patients who had undergone bilateral
cataract surgery.

Methods
This was a consecutive case series single-center study that
included patients aged between 65 and 80 years who had
undergone bilateral consecutive cataract surgery in the
period comprised between April and May of 2021 in
Ophthalmology Department of Hospital Garcia de Orta
(Almada, Portugal). Patients were randomly selected to
receive either an EDOF IOL, LuxSmart (Bausch &
Lomb GmbH, Berlin, Germany) or a conventional mono
focal IOL, Akreos (Bausch & Lomb GmbH, Berlin,
Germany). Inclusion criteria were clinical indication for
cataract surgery, corneal regular astigmatism no more than
0.75 diopters (D), photopic pupil diameter higher than
2mm and axial length between 22.5 and 24.99mm.
Exclusion criteria included diabetes mellitus, previous
ophthalmological surgery, corneal pathology, and retinal
and optic nerve diseases. The study was conducted by the
principles of the Declaration of Helsinki and all partici
pants were informed about the purpose. Signed consent
was obtained from all patients and approval was obtained
from the institutional Research Committee of Hospital
Garcia de Orta (Almada, Portugal).
Preoperative evaluation included anterior segment biomi
croscopy, Goldmann applanation tonometry and indirect fun
doscopy. Specular microscopy was performed with Topcon
Specular Microscope SP-1P (Tokyo, Japan). Biometry was
performed using IOL Master 700 (Carl Zeiss, Oberkochen,
Germany) and IOL power was calculated targeting emmetro
pia using the Barrett Universal II Formula and the A-constant
was 118.6. Cataract surgeries were performed by four sur
geons via a 2.4mm clear corneal incision. For astigmatism
management, this incision was performed in the steepest mer
idian (measured by Scheimpflug tomography) in eyes having
a corneal astigmatism greater than 0.50 D. A 5.5mm
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capsulorhexis was performed, the cataract was removed
using phacoemulsification technique and the IOL was
implanted in the capsular bag. Patients were medicated with
a tapered dose of topical steroids and with topical non-steroid
anti-inflammatory for one month and topical antibiotic for two
weeks.
Patients were evaluated at postoperative day one, week
one, month one and three months after the second eye
surgery where an exhaustive evaluation was performed.
The last evaluation was performed by the same surgeon
in every patient. The primary outcomes measured were
monocular and binocular distance (at 6m), intermediate
(at 66cm) and near (at 40cm) visual acuity (presented in
Snellen scale and logMAR). The manifest refraction,
monocular and binocular corrected (CDVA) and uncor
rected (UDVA) visual acuity, uncorrected intermediate
visual acuity (UIVA) and uncorrected near visual acuity
(UNVA) were tested. Monocular distance-corrected defo
cus curve was also assessed from −3.50D to +1.50D in
0.5D increments under photopic lighting conditions.
Catquest-9SF questionnaire was given to the patients to
evaluate patients-reported unaided visual function as
related to day-to-day task. The presence of photic phenom
ena (halo, glare and starburst) was also assessed by show
ing standard photographs to the patients. Emphasis to
nocturne driving was given.
Statistical analysis was made by SPSSTM software
version 23.0. Qualitative variables are presented as num
ber and percentage. Data were confirmed to be normally
distributed by Shapiro–Wilk test. Two tailed Student’s
T tests were applied to compare means by groups. The
percentages of each answer on the Catquest-9SF question
naire were calculated and compared between groups.
Statistical significance was defined as <0.05.

Results
This study comprised a total of 48 eyes of 24 patients.
Twelve patients (50% males and 50% females) were
included in each IOL group. The mean age did not differ
between groups (68 ± 6.7, range 64–76 vs. 71 ± 5.4, range
67–79 p=0.42). Demographic and biometric data are pre
sented in Table 1. The mean preoperative spherical equiva
lent did not differ between groups (p=0.52). No patients
were omitted, and no one was lost to follow-up.
The clinical outcomes at three months after surgery and
respective comparisons between groups are presented in
Table 2. The mean LuxSmart power was +21.90D and
+22.30D in Akreos (p=0.33). The final spherical
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Table 1 Demographic and Biometric Data
LuxSmart

Akreos

p-value

Number of Patient/Eyes (n)

12/24

12/24

–

Female (%)

50%

50%

–

68 ± 6.7

71 ± 5.4

0.42

Axial length (mm) ± SD

23.3 ± 0.7

22.8 ± 0.8

0.31

K1 (D) ± SD

43.6 ± 1.1

44.1 ± 0.9

0.42

K2 (D) ± SD

44.3 ± 1.3

44.5 ± 1.2

0.52

IOL power (D) ± SD

21.9 ± 1.3

22.3 ±1.1

0.33

Clinical Ophthalmology downloaded from https://www.dovepress.com/ on 08-Jan-2022
For personal use only.

Age (y) ± SD

Abbreviations: SD, Standard deviation; K1, Flat corneal meridian; K2, Steep corneal meridian; D, Diopters; IOL, Intraocular lens.

Table 2 Clinical Outcomes
Clinical Outcomes (3 Months)
Binocular

Snellen (logMAR)

Monocular

Snellen (logMAR)
Spherical Equivalent, (D)

LuxSmart

Akreos

p-value

CDVA

20/20 (−0.08 ± 0.04)

20/20 (−0.02 ± 0.07)

0.52

UDVA

20/20 (0.02 ± 0.11)

20/20 (0.01 ± 0.10)

0.71

UIVA

20/32 (0.18 ± 0.12)

20/40 (0.30 ± 0.13)

<0.001

UNVA

20/32 (0.38 ± 0.14)

20/40 (0.44 ± 0.17)

0.02

CDVA

20/20 (−0.04 ± 0.01)

20/20 (−0.01 ± 0.03)

0.66

UDVA

20/22 (0.10 ± 0.11)

20/25 (0.01 ± 0.15)

0.62

UIVA

20/32 (0.21 ± 0.08)

20/40 (0.36 ± 0.13)

<0.001

−0.08 ± 0.4

−0.12 ± 0.5

0.37

Note: Significant statistic difference is highlighted by p-values in bold.
Abbreviations: logMAR, Logarithm of minimum angle of resolution; D, Diopters.

equivalent was −0.08 ± 0.6 D in LuxSmart and −0.12 ± 0.4
D in Akreos group (p=0.37). 91.7% of eyes in LuxSmart
group and 87.5% in Akreos group were within 0.5D of
emmetropic target. Every patient achieved binocular and
monocular CDVA of at least 20/20, with no differences
between groups (p=0.52 and p=0.66, respectively).
Intermediate visual acuities, both binocular and monocu
lar, were higher in LuxSmart group (p<0.001) with all
patients achieving UIVA better than 20/40. The mean
binocular and monocular UIVA in LuxSmart group were
20/32 (0.18 ± 0.12 logMAR) and 20/32 (0.21 ± 0.08
logMAR), respectively. Uncorrected near visual acuity
was higher in LuxSmart group (20/32 or 0.38 ± 0.14
logMAR vs. 20/40 or 0.44 ± 0.17 logMAR, p=0.02).
The defocus curves for both IOLs is presented in
Figure 1. LuxSmart provided a sustained visual acuity of
0.3 logMAR or better between +1.00D and −2.00D.
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Akreos provided visual acuity of 0.3 logMAR or better
between +1.00 and −1.00D, from which dropped abruptly.
The prevalence of photic phenomena is presented in
Table 3. Most patients reported no photic phenomena, both
in LuxSmart (66.6%) and in Akreos (66.7%) groups. None
reported starburst. None had disabling halos or glare and
there were no differences between groups regarding halos
and glare (p=0.89 and p=0.66, respectively).
The results of the Catquest-9SF questionnaire are pre
sented in Table 4. Most patients in LuxSmart group
achieved higher degrees of satisfaction for daily life activ
ities, especially in reading newspapers, reading prices
while shopping and using computer. Regarding activities
which require distance vision, patients reported same facil
ities on both groups. The patients were more satisfied with
their visual acuity in LuxSmart group: none were dissatis
fied and 83.3% were very satisfied.
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Figure 1 Monocular distance-corrected defocus curve three months after binocular implantation of IOL.
Abbreviations: IOL, Intraocular lens; logMAR, Logarithm of minimum angle of resolution; D, Diopters.

Discussion
The present study shows that new LuxSmart EDOF IOL
achieves better performance for intermediate vision than
a conventional monofocal IOL, without compromising
distance vision. Furthermore, LuxSmart IOL did not
increase risk of photic phenomena.
There are raising concerns regarding presbyopia correction
at the time of cataract surgery.4 From the available options, it is
important to clarify their differences to better fit each one
according to patient needs and expectations. Monovision
with monofocal IOLs, multifocal IOLs and EDOF IOLs are
the most accepted strategies but provide different outcomes
regarding intermediate and near vision.5,6 Monovision have
the highest rate of spectacle dependence.7 Multifocal IOLs
provide good near vision but have the highest rates of halos
and glare and tend to sacrifice contrast sensitivity.8,9 EDOF
IOLs tend to provide excellent intermediate vision without
compromising distance vision but near vision is often insuffi
cient for spectacle independence.2

Recent developments in cataract surgery, in particu
larly regarding IOL formulas accuracy, enabled spectacle
independence for distance vision. There are no clear
advantages regarding distance vision between IOLs
available.2 In this article, in both LuxSmart and Akreos
groups, binocular uncorrected visual acuity was excellent.
However, this also result from our tight inclusion criteria,
such as lower corneal astigmatism and narrow axial length
interval included which resulted in predictable low resi
dual refractive errors. However, early refractive results
from the LuxSmart IOL showed a myopic tendency, so
A constant was changed and found to be more accurate.
Intermediate vision is a hot topic in ophthalmology as
people increasingly use technological devices.10 Our study
showed advantage of LuxSmart regarding uncorrected and
distance-corrected intermediate visual acuity as shown by the
smooth transition between distance and intermediate vision
in defocus curve. EDOF IOLs have previously proved to
achieve better intermediate vision than monofocal and

Table 3 Incidence of Photic Phenomena
Photic

Halos

Phenomena

LuxSmart

Akreos

LuxSmart

Akreos

p-value

Never

8 (66.7%)

8 (66.7%)

8 (66.7%)

8 (66.7%)

0.66

Rarely

2 (16.7%)

2 (16.7%)

3 (25%)

4 (33.3%)

Sometimes

1 (8.3%)

1 (8.3%)

1 (8.3%)

0 (0%)

Often

1 (8.3%)

1 (8.3%)

0 (0%)

0 (0%)

Always

0 (0%)

0 (0%)

0 (0%)

0 (0%)
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Table 4 Results of Catquest 9-SF (Uncorrected Vision)
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Reading newspaper print

Recognizing the faces of people

Reading the prices of goods while
shopping

Seeing to walk on uneven ground

Reading television text

Seeing to use the computer

LuxSmart

Akreos

n (%)

n (%)

Yes, very great difficulty

2

5

Yes, great dificulty

2

4

Yes, some difficulty

2

2

No, no difficulty

6

1

Cannot decide

0

0

Yes, very great difficulty

0

0

Yes, great dificulty

0

0

Yes, some difficulty

1

1

No, no difficulty

11

11

Cannot decide

0

0

Yes, very great difficulty

0

9

Yes, great dificulty

0

2

Yes, some difficulty

2

1

No, no difficulty

10

0

Cannot decide

0

0

Yes, very great difficulty

0

0

Yes, great dificulty

0

0

Yes, some difficulty

1

1

No, no difficulty

11

11

Cannot decide

0

0

Yes, very great difficulty

0

0

Yes, great dificulty

1

2

Yes, some difficulty

1

1

No, no difficulty

10

9

Cannot decide

0

0

Yes, very great difficulty

0

4

Yes, great dificulty

1

4

Yes, some difficulty

3

2

No, no difficulty

8

2

Cannot decide

0

0

p-value

0.01

0.52

0.001

0.66

0.52

0.001

(Continued)
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Table 4 (Continued).

Difficulties in performing everyday
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tasks

Satisfied or dissatisfied with your
present vision

Akreos

Yes, very great difficulty

0

0

Yes, great dificulty

0

0

Yes, some difficulty

5

10

No, no difficulty

7

2

Cannot decide

0

0

Very satisfied

10

6

Rather satisfied

2

5

Rather dissatisfied

0

1

Very dissatisfied

0

0

p-value

0.07

0.04

Note: Significant statistic difference is highlighted by p-values in bold.

trifocal IOLs.2,11 Cochener and Sachdev et al reported
a mean binocular UIVA of 0.12 logMAR and 0.01 logMAR
with Tecnis Symphony IOL, respectively.12,13 Differently
from monofocal IOLs, the center of LuxSmart EDOF IOL
contains a refractive optic that combines fourth and sixthorder spherical aberration of opposite signs to increase the
depth of focus.
Despite EDOF IOLs were designed to optimize inde
pendence for distance and intermediate vision, preliminary
LuxSmart IOL outcomes showed surprisingly satisfactory
results for near vision. In this article, LuxSmart group
achieved better near visual acuity than Akreos group and
patients reported facility to read newspapers without spec
tacles. The wide range of defocus curve is beyond these
results. However, 50% of patients in LuxSmart group and
all in Akreos group reported spectacle depended for near
vision, specially to read small letter which is in line with
EDOF IOLs previous studies.2,12 Here, aiming mini mono
vision could be a promising strategy to enhance spectacle
independence.
Trifocal IOLs usually provide spectacle independence,
for both distance and near vision. However, trifocal IOLs
are associated with a considerable rate of dysphotopsias
and patient dissatisfaction.8,14–16 Jacobi et al reported an
incidence of 25% and 29% of halos and glare with multi
focal IOLs at the 6th postoperative month, respectively.17
EDOF IOLs have a single-elongated focal point to
enhance the depth of focus instead of having two or
three discrete points. As such, EDOF IOLs seem to be
more friendly regarding photic phenomena. Moreover,
LuxSmart is one of few EDOL IOLs that do not depend
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on the diffractive principle and therefore should not cause
more halos and glare than monofocal IOLs. In this article,
the rate of dysphotopsias was quite low and there were no
differences between monofocal and EDOF IOLs.
Furthermore, we believe this rate would be lower if the
patients were evaluated later because neuroadaptation
could last six months.
More than providing spectacle independence, refractive
cataract surgery aims to improve the quality of life.
Patients’ satisfaction is difficult to evaluate and depends
on many variables. Catquest 9-SF is a validated question
naire which was designed to evaluate the performance of
uncorrected visual acuity and associated patient
satisfaction.18 Overall satisfaction was good in both
groups. However, it was higher in LuxSmart group. As
patients of LuxSmart group reported less difficulties in
reading newspapers, reading prices at supermarkets and
using computers, we postulate that better intermediate
vision is associated with higher quality of life.
Limitations of our study are the small sample and the
short follow-up period. Despite these limitations, we believe
that these preliminary results show that LuxSmart IOL pro
vides better intermediate vision than a monofocal IOL with
out compromising distance vision. The low incidence of
dysphotpsias, makes LuxSmart an attractive option for
patients who desire spectacle independence for distance
and working intermediate vision after cataract surgery.

Conclusion
The preliminary results show that new LuxSmart EDOF
IOL achieved higher performance for uncorrected
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intermediate and near vision compared with
a conventional monofocal IOL, without increasing the
risk of photic phenomena. LuxSmart may be an attractive
and safe option for patients who desire spectacle indepen
dence for distance and intermediate vision after cataract
surgery.
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