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ABSTRACT

Purpose: To compare the visual performance
and patient satisfaction in multifocal intraocu-
lar lens (IOL)-implanted eyes and multifocal
contact lens (CL)-wearing eyes undergoing
monofocal IOL implantation.

Methods: We retrospectively assessed visual
acuity at all distances (0.3, 0.5, 0.7, 1, and 5 m),
contrast sensitivity function, patient satisfac-
tion score, and the rate of spectacle indepen-
dence in the multifocal IOL and multifocal CL
groups.

Results: Binocular visual acuity at 0.3, 0.5, 0.7,
1, and 5m was 0.05 £0.11, — 0.02 £ 0.09,
— 0.02 £ 0.09, — 0.02 £ 0.09, and
— 0.04 £ 0.07, respectively, in the multifocal
IOL group and 0.25 £+ 0.13, 0.04 + 0.10,
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0.01 £ 0.09, — 0.01 £ 0.07, and 0.00 + 0.08,
respectively, in the multifocal CL group. We
found significant differences in visual acuity at
all distances. The area under the log contrast
sensitivity function was 1.32 +0.14 and
1.33 £ 0.16 in the multifocal IOL and CL
groups, respectively (p = 0.444). The patient
satisfaction score for overall vision was
80.2 +£ 20.6 and 82.9 £ 10.5 (p =0.889), and
the rate of spectacle independence was 23.4%
and 41.7% in the multifocal IOL and CL groups,
respectively (p = 0.277).

Conclusions: According to our experience,
both multifocal IOLs and CLs provided good
near-to-distance binocular vision and subse-
quent high patient satisfaction in daily activi-
ties with acceptable contrast sensitivity,
suggesting their viability for presbyopic correc-
tion in elderly subjects.

Keywords: Multifocal intraocular lens;
Multifocal contact lens; Visual acuity; Patient
satisfaction; Contrast sensitivity; Cataract
surgery; Presbyopia
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Key Summary Points

Why carry out this study?

Both multifocal intraocular (IOL) and
contact lenses (CL) have been considered
among the best for clinical presbyopia
correction. Nevertheless, detailed visual
performance and patient satisfaction after
multifocal IOL implantation and during
multifocal CL wear in IOL-implanted eyes
have so far not been directly compared

What was learned from the study?

The multifocal IOL and CL groups both
showed good near-to-distance binocular
vision and subsequent high patient
satisfaction with acceptable contrast
sensitivity. It is suggested that both
treatments are feasible options for
correcting presbyopia in older subjects

INTRODUCTION

Modern cataract surgery has been broadly rec-
ognized as refractive and presbyopia-correcting
surgery. Accordingly, it is of clinical importance
to precisely correct refractive errors as much as
possible and to obtain good near-to-distance
visual acuity even without spectacle correction
to further improve visual performance and
subsequent patient satisfaction. Nowadays, the
refractive accuracy of cataract surgery has been
considerably enhanced by introducing the lat-
est intraocular lens (IOL) power calculation
formulas and optical biometry. However, some
patients do complain of their presbyopic vision
nowadays, even after monofocal IOL implanta-
tion. Multifocal IOL implantation been has
shown to be effective for attaining good near
and far vision, thus reducing spectacle depen-
dence of cataract patients [1-3]. Especially tri-
focal IOLs have been reported to provide good
near, intermediate, and far vision and subse-
quent high patient satisfaction in recent years

[4-12]. However, some patients are dissatisfied
with their vision quality, possibly due to glare,
halo, starburst, refractive errors, concomitant
eye diseases, or neural adaptation failure
[13-15]. Actually, multifocal IOL explanation is
sometimes necessary, especially when these
complaints are severe and persistent over time
[15]. Bifocal contact lens (CL) wear has also
been demonstrated to be effective for obtaining
good near-to-far visual outcomes, thus reducing
spectacle dependence in presbyopic subjects
[16-18]. Multifocal CLs have several advantages
over multifocal IOLs in terms of a preference of
non-surgical procedures, the prevention of the
possible risk of postoperative complications, the
reversibility, and the variability of the lens
power with aging. Moreover, it can be applied a
long time after cataract surgery has been per-
formed [19, 20]. Both multifocal IOLs and CLs
have been considered one of the best tech-
nologies for presbyopic correction that are cur-
rently available in daily practice. However, to
the best of our knowledge, no direct compar-
ison of detailed visual performance and patient
satisfaction after multifocal IOL implantation
and during multifocal CL wear in IOL-im-
planted eyes has so far been conducted. It may
give us intrinsic insights into the clinical
implication and the patient selection of multi-
focal IOLs and multifocal CLs in IOL-implanted
eyes. This multicenter study aims to retrospec-
tively compare the detailed visual performance
and patient satisfaction in multifocal IOL-im-
planted eyes and multifocal-CL wearing eyes
after monofocal IOL implantation.

METHODS

Study Population

The study protocol was registered with the
University Hospital Medical Information Net-
work Clinical Trial Registry (000045132). This
retrospective review of the clinical charts com-
prised a total of 102 eyes of 51 consecutive
patients who underwent standard phacoemul-
sification with bilateral trifocal IOL implanta-
tion (multifocal IOL group) and 40 eyes of 20
consecutive patients who wore multifocal CLs
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after non-toric monofocal IOL implantation
(multifocal CL group). Patients aged > 75 years,
eyes with postoperative best-corrected visual
acuity of > 0.1 logMAR, eyes with corneal
astigmatism of > 1.5 diopters (D), eyes with any
history of ocular surgery, ocular trauma, or
other concomitant eye diseases, and eyes
developing any intraoperative or postoperative
complications were excluded from the study. A
total of 70 and 40 patients were recruited at
Miyata Eye Hospital and Kitasato University
Hospital, respectively, and 51 (73%) and 20
(50%) patients underwent these multifocal IOL
and CL treatments, respectively. This research
was approved by the Institutional Review Board
at Miyata Eye Hospital (CS-362-005) and fol-
lowed the tenets of the Declaration of Helsinki.
The Institutional Review Board waived the
requirement for informed consent for this ret-
rospective review of the clinical charts.

Multifocal Intraocular Lens Implantation

Two experienced surgeons performed standard
phacoemulsification under topical anesthesia
through a 2.4-mm corneoscleral incision using
the same techniques, comprising capsulorhexis,
nuclear and cortex extraction, and trifocal IOL
(Acrysof PanOptix trifocal, Alcon Laboratories,
Fort Worth, TX, USA) implantation in the cap-
sular bag. This PanOptix trifocal IOL is a non-
apodized, ultraviolet- and blue light-filtering,
hydrophobic acrylic lens having a central
diffractive zone of 4.5 mm with 15 diffractive
rings that divides the incoming light to cre-
ate + 2.17 D intermediate and + 3.25 D near
add powers. It uses zeroth, second, and third
diffractive orders for distance, intermediate, and
near foci, respectively, and the energy at the
first diffractive order is redistributed to optimize
optical performance at three focal points [4-12].
Postoperatively, steroidal (0.1% betametha-
sone), antibiotic (1.5% levofloxacin), diclofenac
sodium (0.1% bromfenac) medications were
topically administered for 2 weeks, with the
dose being steadily reduced after that.

Multifocal Contact Lens Prescription

We prescribed multifocal contact lenses (Dailies
total 1 multifocal, Alcon Laboratories, Fort
Worth, TX, USA) 1month after non-toric
monofocal IOL implantation performed by two
experienced surgeons in the multifocal CL
group. The subjects were in part comprised of
those in the preceding report [19]. This Dailies
total 1 bifocal CL is a silicone hydrogel, daily
disposable, center-near aspheric, and progres-
sive refractive lens (delefilcon A), with three
additional powers (+ 1.25 D, + 2.0 D, and +
2.5 D) for near vision in the central region and
a base curve of 8.5mm and CL diameter of
14.1 mm [21-23]. During an initial trial, the
lens power was targeted at emmetropia with the
lowest additional power (+ 1.25 D). In addition,
the spherical and additional power was indi-
vidually adjusted with preliminary evaluation
and determined based on patient preferences of
near-to-far binocular vision.

Outcome Measures

We quantitatively assessed binocular visual
acuity at all distances, contrast sensitivity (CS)
function, patient satisfaction, the rate of the
spectacle user, and adverse events and compli-
cations 1 month after multifocal IOL implanta-
tion and during multifocal CL wear 1 month
after daily use of the multifocal CL. We deter-
mined visual acuity at 0.3, 0.5, 0.7, 1, and 5 m,
using a decimal acuity chart of Landolt rings
shown in horizontal or vertical direction gaps
under photopic conditions (5001x). We also
determined CS function using a contrast sensi-
tivity unit (VCTS-6500, Vistech) with the best
spectacle correction at 2.5 m, at 3, 6, 12, and 18
cycles, under the same conditions. Finally, we
calculated the area under the log contrast sen-
sitivity function (AULCSF) from the obtained
CS data, as described previously [24]. In brief,
the log of CS was plotted as a function of log
spatial frequency, and third-order polynomials
were fitted to the data. The fitting curve was
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integrated, and the resultant value was defined
as the AULCSF. We also evaluated the patient
satisfaction score for the overall vision, using a
visual analogue scale (VAS) with symptom
intensity scores on a scale of O (no satisfaction)
to 100 (maximum satisfaction), the rate of
spectacle users, and subjective symptoms such
as glare or halos in daily activities using a
questionnaire in both groups. All examinations
were conducted by experienced ophthalmic
technicians who were masked to the clinical
condition of the subjects and the preliminary
results of the study.

Statistical Analysis

We first checked the normality of all data sam-
ples by the Shapiro-Wilk test using statistical
software (Bellcurve for Excel, Social Survey
Research Information Co, Ltd., Tokyo, Japan).
Because all data did not fulfill the criteria for
normal distribution, the Mann-Whitney U test
was applied to compare the biometric data
between the two groups. Fisher’s exact test was
used to compare the percentages between the
two groups. Unless otherwise indicated, the
results are expressed as mean + standard devi-
ation, and a value of p < 0.05 was deemed sta-
tistically significant.

Table 1 Preoperative demographics of the study population

RESULTS

Table 1 shows the baseline demographics of the
study population. All surgeries were uneventful,
and no intraoperative complications occurred
in the multifocal IOL group. In the multifocal
CL group, eyes with additional powers of +
2.00 and + 2.50 D were 32 eyes (80%) and 8
eyes (20%). Binocular visual acuity at 0.3, 0.5,
0.7, 1, and Sm was 0.05 £ 0.11, — 0.02 + 0.09,
—0.02 £ 0.09, —0.02 £ 0.09, and
— 0.04 £ 0.07, respectively, in the multifocal
IOL group and 0.25 +£0.13, 0.04 + 0.10,
0.01 £ 0.09, — 0.01 £ 0.07, and 0.00 + 0.08,
respectively, in the multifocal CL group (Fig. 1).
We found significant differences in binocular
acuity at 30 cm (p < 0.001), S50 cm (p < 0.001),
70cm (p=0.007), 1m (p=0.017), and Sm
(p <0.001). Figure2 shows CS function
according to 3, 6, 12, and 18 cycles/degree. We
found no significant differences at 6, 12, and 18
cycles/degree (p = 0.931, 0.800, and 0.055), but
a significant difference at 3 cycle/degree
(p = 0.002). The AULSCSF was 1.32 £+ 0.14 and
1.33 £ 0.16 in the multifocal IOL and CL
groups, respectively (p = 0.444). The patient
satisfaction score for overall visual performance
significantly improved, from 25.5 4+ 22.9 pre-
operatively to 80.2 + 20.6 postoperatively in
the multifocal IOL group (p < 0.001) and sig-
nificantly improved from 55.9 £+ 26.0 before CL

Demographics Multifocal IOL group Multifocal CL group p value
Eyes 102 40

Age (years) 63.6 + 8.6 59.3 £ 9.8 0.061
Gender (male:female) 21:30 4:16 0.107
UCVA (logMAR) 0.81 £+ 0.59 0.64 £+ 0.34 0.393
BSCVA (logMAR) 0.16 £ 0.39 — 0.16 £ 0.08 < 0.001
Manifest spherical equivalent (D) — 288 + 455 — 213 + 092 0.212
Mean keratometric readings (D) 44.15 + 1.35 44.02 £ 144 0.946
Axial length (mm) 24.66 £ 1.66 27.05 + 1.54 < 0.001

IOL intraocular lens, CL contact lens, loghMAR logarithm of the minimal angle of resolution, UCVA uncorrected visual

acuity, BSCVA best spectacle-corrected visual acuity, D diopter
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Fig. 1 Graph showing binocular visual acuity at all distances (0.3, 0.5, 0.7, 1, and 5 m) in the multifocal intraocular lens

(IOL) and multifocal contact lens (CL) groups

wear to 82.9 + 10.5 during CL wear in the
multifocal CL group (p < 0.001). We found a
significant difference in the pre-treated satis-
faction (p <0.001) but no significant differ-
ences in the post-treated satisfaction between
the two groups (p = 0.889). The rate of spectacle
users in daily activities significantly decreased,
from 94.1 to 23.4% in the multifocal IOL group
(p <0.001), and significantly decreased, from
90.0 to 41.7%, in the multifocal CL group
(p <0.001). We also found no significant dif-
ferences in the post-treated rate of spectacle
users between the two groups (p = 0.277).

We found mild subjective symptoms such as
glare or halos in 35 eyes (69%) and 24 eyes
(60%) in the multifocal IOL and CL groups,
respectively (p = 0.507). Only one eye (2.0%)
had a moderate-to-severe visual disturbance at

night in the multifocal IOL group, but this
gradually recovered over time without sec-
ondary interventions. Otherwise, we found no
postoperative complications such as infectious
keratitis, posterior capsular opacification, cys-
toid macular edema, or waxy vision during the
observation period.

DISCUSSION

In the current study, our findings showed that
both multifocal IOLs and CLs provided good
near-to-distance binocular vision and subse-
quent high patient satisfaction for overall vision
in daily activities but that CS function slightly
decreased. Still, all eyes were acceptable and
within their normal range at all spatial fre-
quencies. Thus, our results may support the
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Fig. 2 Graph showing contrast sensitivity (CS) function in the multifocal intraocular lens (IOL) and multifocal contact

lens (CL) groups

view that both presbyopic treatments are feasi-
ble options for correcting presbyopia in elderly
subjects. As far as we can ascertain, this is the
first published study to directly compare the
detailed visual performance and patient satis-
faction between multifocal IOL-implanted eyes
and multifocal CL-wearing eyes after monofocal
IOL implantation. Although we accept that the
patient backgrounds such as age and presby-
opia-correcting technology (diffractive trifocal
vs. refractive bifocal) were not well matched
between the two groups, we believe that this
information is simple but clinically helpful for
comparing the best technology and grasping
the real-world condition of such promise pres-
byopia-correcting treatments. Moreover, it will
be beneficial for predicting overall visual acuity
at near-to-far distances and CS function after
both presbyopia-correcting treatments. We

previously stated that middle-aged female
patients with contact lens wear experience to
correct myopia might be good candidates for
multifocal CL wear after cataract surgery [20].
Originally high myopic patients before cataract
surgery tended to select the multifocal CL
treatment in the current study, presumably
because such patients were accustomed to
wearing CLs in their daily lifes. Therefore, we
assume that the preoperative axial length was
significantly larger in the multifocal CL group
than that in the multifocal IOL group. We per-
formed multifocal IOL implantation due to the
presence of cataracts preoperatively in all eyes.
Since these two groups have different motiva-
tions and expectations concerning presbyopic
correction, we assume that it is difficult to
completely match these baseline demographics
in a clinical setting.
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Conventional bifocal IOLs have two focus
points at near and far and thus provide good
near and distant vision without spectacle cor-
rection in cataract patients. However, consid-
ering the prevalence of visual display terminals
such as smartphones and personal computers,
intermediate vision plays an essential role in
overall optical performance in daily activities
nowadays. Therefore, trifocal IOLs have
recently been developed to rectify such draw-
backs of bifocal IOL to improve intermediate
vision and thus have been reported to be effec-
tive for continuously attaining near-to-far
vision without spectacle correction [4-12].
Nevertheless, multifocal IOL explantation and
subsequent monofocal IOL implantation were
rare but sometimes necessary, possibly because
of a loss of CS function such as waxy vision,
photic phenomena, or neural adaptation failure
[6]. Multifocal CLs have advantages over mul-
tifocal IOLs, especially in terms of reversibility.
Therefore, it is easier to stop wearing multifocal
CLs when the patients complain about their
vision.

Table 2 summarizes previous studies on
visual acuity at all distances of the trifocal IOLs
and bifocal CLs used in the present study. Our
results were in good agreement with earlier
studies in that both multifocal IOLs and CLs
provided good near, intermediate, and far visual
outcomes  without spectacle correction
[4-12, 19, 20]. Thus, it is indicated that both
multifocal IOL and CL treatments are viable
alternatives for presbyopic correction in elderly
patients who wish to reduce the chance of
spectacle correction. However, it should be
noted that multifocal IOLs showed slightly but
significantly better visual outcomes, especially
at a near distance in this study population.
These findings indicate that trifocal IOLs may
be slightly superior to bifocal CLs in visual
acuity at all distances. However, these visual
differences were essentially small, especially at a
far distance. Interestingly, most patients in the
multifocal CL group selected the CL with an
additional power of + 2.0 D for near vision,
presumably because a CL with an additional
power of + 2.5 D might decrease CS function
and might not be acceptable for daily use in
IOL-implanted eyes.

Both multifocal IOLs and CLs also induced a
slight deterioration of CS function, especially at
a high spatial frequency, in line with previous
studies on CS after trifocal IOL implantation
and bifocal CL wear. Nevertheless, all eyes were
within the normal range at all spatial frequen-
cies. Therefore, we assume that CS was still
clinically acceptable for this kind of presbyopic
treatment, and thus the post-treatment satis-
faction scores were overall high in both groups.
Indeed, there are ongoing concerns about the
loss of CS after diffractive multifocal IOL
implantation and during refractive multifocal
CL wear. Still, it has been demonstrated that
trifocal IOLs are almost comparable to mono-
focal IOLs in terms of CS function, possibly
because they are designed to effectively use 88%
of the available light intensity [8-10, 12]. Fur-
thermore, it has been reported that wearing
bifocal CLs slightly reduced CS at high spatial
frequencies, but that CS function remained
within the normal range in these eyes [19, 20].
Thus, our findings were in good agreement with
all previous studies on CS function after trifocal
IOL implantation and during bifocal CL wear in
IOL-implanted eyes.

There are several limitations to this study.
First, this research was conducted in a retro-
spective fashion, and thus some baseline char-
acteristics such as BSCVA and axial length were
somewhat different between the two groups.
Hence, these background differences can be
possible sources of selection bias. However, this
study may refract the actual status of visual
quality and patient satisfaction in the presby-
opic population in a clinical setting. Second,
multifocal IOLs have applied a diffractive trifo-
cal technology, which is essentially different
from the refractive bifocal technology involved
in multifocal CLs. Nevertheless, we have used
one of the best clinically available technologies
for presbyopic correction in daily practice.
Third, we did not measure pupil diameter or
visual performance under mesopic conditions
in this study population. We await further
studies to understand the role of pupil size in
visual performance and the detailed visual per-
formance with different light conditions in
multifocal IOL-implanted eyes and during
multifocal CL wear. Fourth, we did not evaluate
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the detailed defocus curves of the two lenses nor
did we use a validated questionnaire to assess
subjective symptoms.

CONCLUSION

In summary, our findings confirmed that both
multifocal IOLs and CLs provided good near-to-
far vision and subsequent high patient satisfac-
tion, with proper CS function, even though its
function slightly decreased, suggesting that
both multifocal IOLs and CLs may be feasible
treatment options for presbyopic correction.
However, it should be noted that the detailed
visual performance in multifocal IOL-implanted
eyes was slightly better than that during mul-
tifocal CL wear in monofocal IOL-implanted
eyes. Based on our findings, we believe that this
information is clinically helpful for under-
standing the clinical implication and patient
selection of presbyopic correction methods in
older subjects that wish to reduce the chance of
spectacle correction.
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