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A B S T R A C T

Background: Presbyopia has become a global disease affecting the world's aging population. Among various
treatments, cataract extraction and intraocular lens (IOL) implantation have become the most popular and
common methods of presbyopia correction. During the twentieth century, IOLs have underwent significant
innovation and advancements to meet the patients' high demands for functional vision at all distances.
Main Text: To meet the increasing needs for excellent near and intermediate vision for daily activities, some
premium IOLs with more than one focus have been developed, for example, the refractive MfIOLs, diffractive
MfIOLs, extended depth of field (EDOF) IOLs, and accommodating IOLs (AIOLs) were introduced to meet this
need. In addition, the add-on MfIOLs have been explored as promising supplementary IOLs for pseudophakic
presbyopia. When selecting the MfIOLs, the IOLs' features, patients’ characteristics, preoperative eye conditions,
and treatment expectations should be considered.
Conclusions: In this review, we focus on the multifocal IOLs (MfIOLs) commonly used for presbyopia correction
and systematically summarized their optical designs and clinical outcomes. More evidence-based studies are
required to provide guidelines for MfIOL selection, provide maximum visual benefits, and develop personalized
visual solutions in the future.
1. Background

Presbyopia is affecting an increasing number of aging population, and
its treatment has become a major research focus in ophthalmology.1

Currently, presbyopia is described as “a condition of age rather than
aging and, as such, is devolved from the lamentable situation where the
normal age-related reduction in amplitude of accommodation reaches a
point when the clarity of vision at near cannot be sustained for long
enough to satisfy an individual's requirements”.1 Although the specific
mechanism responsible for such decreased accommodation is still being
debated, Helmholtz's theory is the one that is most broadly accepted.2

According to this theory, the contraction of the ciliary muscle increases
the thickness and decreases the diameter of the crystalline lens, leading
to increased lens curvature and lenticular power and changes in the focal
length.1 Due to decreasing lens elasticity as people age, lenses also
become opaque, resulting in cataract, which is why many methods used
to correct presbyopia do not achieve optimal results.2,3

“Ideal” presbyopia correction should restore accurate focusing and
maintain the emmetropic level for decades.1 Theoretically, refilling the
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capsular bag with a clear but elastic substance may be the best way to
replay lenses, however, efforts in this direction have, to date, been un-
successful.4 Currently, the most common methods of correcting presby-
opia include spectacles or contact lenses,1,5,6 drugs,7,8 refractive
surgery,5,9,10 scleral surgery,11,12 and intraocular lens (IOL)
implantation.13–15 Among these methods, cataract phacoemulsification
and IOL implantation are the most widely accepted and popular methods
for correcting presbyopia in elderly people.

2. Intraocular lens (IOL) for presbyopia correction

After lens extraction, an eye will lose 20–30% of its total refractive
power, but IOL implantation can correct the refractive error.2 The past
few decades have witnessed a revolutionary development of IOLs. Some
studies have introduced or compared the advanced materials, focal
points, and optical designs of different IOLs. This review summarizes the
IOLs used for presbyopia correction, which can be divided into the
following categories: monofocal IOLs (MIOLs), multifocal IOLs (MfIOLs),
extended depth of field (EDOF) IOLs, and accommodating IOLs (AIOLs).
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EDOF IOLs are a special category of MfIOLs, and are reviewed in a
separate section.
2.1. Monofocal IOLs (MIOLs)

Theoretically, MIOLs only provide patients with one focus for dis-
tance vision, however, some patients are able to achieve satisfactory
distance and near vision without spectacles, which is called pseudo
adjustment.5 Researchers have generally agreed that this adjustment is
caused by residual high-order aberrations or astigmatisms of the post-
operative eye, or by patients happening to have small pupils, enabling a
pinhole effect to expand the depth of focus.5 Another way of correcting
presbyopia is to use bilateral MIOL implantation to achieve “monovision”
for patients. Generally, the dominant eye is corrected for hyperopia and
the non-dominant eye for myopia, causing superimposition of a focused
image on a defocused one.16,17 Through brain processing and adaptation,
sharp vision can thus be obtained. Nevertheless, “monovision” may lead
to poor stereoacuity, and some patients cannot adapt to such anisome-
tropia.14,16,17 Due to the inevitable drawbacks of MIOLs, other IOLs have
been developed to correct presbyopia.
Table 1
Main clinical outcomes of eyes implanted with rotationally asymmetric refractive
MfIOLs.

Study Modela UDVA
(log
MAR)b

UIVA (log
MAR)b

UNVA
(log
MAR)b

SE (D)b

Mu~noz,
201116

LS312 MF30 0.05 �
0.10

0.13 �
0.12

0.11 �
0.13

0.30 �
0.33

Alio,
201133

LS312 MF15 0.20 �
0.14

0.19 �
0.11

0.45 �
0.19

�0.13
� 0.61

LS312 MF30 0.14 �
0.11

0.20 �
0.13

0.21 �
0.10

�0.09
� 0.48

McNeely,
201630

bilateral LS-
312 MF30

�0.08 �
0.08

0.36 �
0.07

0.11 �
0.11

�0.05
� 0.41

blended LS-
312 MF20 &
LS-312 MF30

�0.07 �
0.07

0.38 �
0.12

0.12 �
0.11

0.02 �
0.43

bilateral SBL-
3

�0.05 �
0.10

0.38 �
0.10

0.10 �
0.14

�0.03
� 0.47

McNeely,
201735

LS312 MF30 �0.07 �
0.07

0.36 �
0.09

0.1 �
0.07

0.02 �
0.38

SBL-3 �0.06 �
0.09

0.36 �
0.09

0.05 �
0.01

0.00 �
0.45

Shodai,
201734

LS-313 MF30 �0.05 �
0.12

0.10 �
0.12
(BUIVA)

0.25 �
0.22

0.26 �
0.42

LU-313 MF30T �0.03 �
0.13

0.13 �
0.14
(BUIVA)

0.18 �
0.17

0.12 �
0.43

Nakajima,
202032

Comfort LS-
313 MF15

0.05 �
0.13

0.23 �
0.17

0.52 �
0.20

0.00 �
0.42

Abbreviations: MfIOL, multifocal intraocular lens; UDVA, uncorrected distance
visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected
near visual acuity; SE, spherical equivalent; BUIVA, best uncorrected interme-
diate visual acuity.

a MfIOL model SBL-3 was displayed in bold italics.
b Data presented as mean � standard deviation (SD).
2.2. Multifocal IOLs

Presbyopia is generally regarded as a monofocal condition because
patients experience clear distance vision but blurred intermediate and
near vision. Effective strategies mainly aim to produce multifocality or
extend the depth of focus.14 MfIOLs generally provide functional vision at
two or more focal distances. Compared with the MIOLs, MfIOLs provide
patients with better intermediate and near visual acuity (VA), which are
particularly important because most daily activities such as driving,
reading, and operating devices, are performed at intermediate and near
distances.4 However, MfIOLs inevitably disperse light energy, leading to
decreased contrast sensitivity and increased optical disturbances (glare,
halos, dysphotopsia, etc.).18 Fortunately, the advances in IOL technology
in recent decades have promoted the development and improved func-
tion of MfIOLs.

This review classifies MfIOLs into refractive, diffractive, and hybrid
refractive-diffractive optical types and systematically summarizes their
designs and features.

2.2.1. Refractive Multifocal IOL (MfIOLs)

2.2.1.1. Rotationally symmetric refractive MfIOLs. As summarized in
Table S1, a classic refractive MfIOL is rotationally symmetric, which is
characterized by five concentric aspheric refractive zones on the anterior
surface of the IOL that facilitate distance and near vision.19 This MfIOL
category includes the Array SA40N, ReZoom NXG1, M-flex 630 series,
and FIL611PV IOLs. The Array SA40N was approved by the United Sates
Food and Drug Administration (FDA) in 1997. It distributes incident light
in proportions of 50% for far distance, 37% for near distance, and 13%
for middle distance.19 Previous studies have reported superior distance
and near vision for Array SA40N IOLs over MIOLs, with tolerable optical
disturbances.20 Compared with other MfIOLs, Array SA40Ns provide
distance VA like that of AIOLs (e.g., Crystalens) or diffractive MfIOLs
(e.g., TwinSet), but with higher patient satisfaction.21

To reduce photic disturbances, another refractive MfIOL—the
ReZoom NXG1 IOL (Advanced Medical Optics, United States)—was
produced, with a modified square edge that can decrease the incidence of
posterior capsular opacity (PCO).19 ReZoom NXG1s performed better
than MIOLs for distance vision under photopic conditions, but worse
under mesopic conditions.22 Gierek-Ciaciura et al. found better uncor-
rected distance visual acuity (UDVA) with ReZoom NXG1s compared
with Array SA40Ns, and worse uncorrected near visual acuity (UNVA)
compared with diffractive and hybrid refractive-diffractive MfIOLs.23

Thereafter, Rayner Intraocular Lenses Ltd., United Kingdom,
2

introduced the M-flex 630 series MfIOLs and reported satisfactory dis-
tance and intermediate VA. The series provides different near additions
ranging from 30 to 50 cm. Researchers found no significant differences in
UNVA between near additions of þ3.0 D and þ4.0 D, whereas uncor-
rected intermediate visual acuity (UIVA) was better with the þ3.0 D
model.24 Another refractive MfIOL model (FIL611PV) resulted in worse
UDVA and UNVA but better UIVA compared with a diffractive MfIOL.25

Taken together, compared with MIOLs, rotationally symmetric
MfIOLs provide better distance VA and restore near VA to some extent.
However, the additional focus inevitably causes decreased contrast
sensitivity, more photic disturbances, and decreased spectacle indepen-
dence at near distances. Although some refractive MfIOLs are designed
with aspheric surfaces to improve the visual quality, problems such as
pupil dependence, tilt, and decentration can still affect visual
outcomes.26

2.2.1.2. Rotationally asymmetric refractive MfIOLs. Rotationally asym-
metric refractive MfIOLs are designed with two segments with different
refractive indexes—one for distance vision and the other for near
vision.27 The aspheric transition between the two segments reflects the
incident light from the optical axis, preventing blurred vision caused by
the interference and diffraction.28,29 Following more advanced optical
design, asymmetric refractive MfIOLs provide improved visual outcomes
compared with symmetric refractive MfIOLs (Table S2).

Table 1 presents the clinical outcomes for rotationally asymmetric
refractive MfIOLs. The Lentis (Netherlands) Mplus series was the first
asymmetric refractive MfIOL on the market. Previous studies have re-
ported improved distance vision, higher contrast sensitivity, less halo and
glare, and better image quality with Mplus series IOLs.13,30,31 The series
includes an LS-312 model with a C-loop haptics and an LS-313 model
with a plate haptics, with different near addition powers from þ1.5 D to
þ3.0 D. A previous study showed satisfactory VA of Mplus LS-312 MF30,
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with peaks at distance and near foci.18 Ali�o et al. compared the LS-MF15
and LS-MF30 IOLs and found better UDVA and UNVA for the LS-MF30
and better UIVA for the LS-MF15.32 Also, the design of another Lentis
IOL (LU-313 MF30T) managed to correct astigmatism and provide
excellent VA.33

In 2016, another representative segmented refractive MfIOL, SBL-3,
was produced by Lenstec Optical Group Ltd., United Kingdom. Its ante-
rior surface comprises a sector-shaped distance-vision zone in the upper
part and a sector-shaped near-vision zone in the lower part, providing a
continuous and variable diopter.34 What makes the SBL-3 different from
the Lentis Mplus series is the inferonasal placement of the near
segment.29 As shown in Table 1, SBL-3s provided satisfactory bilateral
distance and near VA, and no significant differences were found
compared with the Lentis Mplus series. In addition, blended implantation
of LS-312 and SBL-3 IOLs produced higher quality of vision (QoV) scores
and fewer visual disturbances than bilateral Lentis Mplus LS-312 and
bilateral SBL-3 IOLs.29

According to previous studies, the VAs, refraction, contrast sensi-
tivity, and patients' satisfaction for rotationally asymmetric refractive
MfIOLs were better than for symmetric refractive MfIOLs.28 However,
considering the asymmetric design, surgeons' decisions about the place-
ment of the near segments are crucial.28 Interestingly, McNeely et al.
claimed that combining low near additions in the dominant eyes and the
high near additions in the fellow eyes can improve patients’ visual
postoperatively outcomes.29

2.2.2. Diffractive MfIOLs
Another way to redirect light is diffraction. Based on Whitman's

diffraction principle, diffractive MfIOLs combine monofocal and toric
designs, with a diffractive element splitting the incoming light into
various foci.35 Briefly, four diffraction orders are produced: 0 for the
distant focus, first order for the near focus, and the other orders that fail
to converge on the focus, mainly producing higher-order aberrations
(HOAs).35,36 Generally, diffractive MfIOLs can be divided into bifocal
and trifocal models based on the focus number.

2.2.2.1. Bifocal diffractive MfIOLs. Of all the bifocal diffractive MfIOL
series and models, AMO's TECNIS series is the most representative, with
the ZM900, ZMA00, and ZMB00models having high near addition power
(þ4.0 D), and the ZLB00 and ZKB00 models having lower near addition
of þ3.25 D and þ2.75 D, respectively (Table S3). Kim et al. compared
three (ZLB00, ZKB00, and ZMB00) models with different near addi-
tions.36 As summarized in Table 2, no significant differences were found
Table 2
Main clinical outcomes of eyes implanted with bifocal diffractive MfIOLs.

Study Modela UDVA (log MAR)b

Gierek-Ciaciura,
201024

ZM900 (þ4.0 D) 0.14 � 0.02
ReZoom (refractive) 0.11 � 0.01
ReSTOR IOL (diffractive and
refractive)

0.17 � 0.02

Pepose, 201440 ZMA00 (þ4.0 D) �0.05 � 0.10 (high-
contrast)

Chang, 201438 ZMB00 (þ4.0 D) 0.01 � 0.12
Kim, 201537 ZMB00 (þ4.0 D) 0.07 � 0.07

ZLB00 (þ3.25 D) 0.05 � 0.04

ZKB00 (þ2.75 D) 0.07 � 0.06

Kretz, 201539 ZKB00 (þ2.75 D) 0.13 � 0.18

Abbreviations: MfIOL, multifocal intraocular lens; UDVA, uncorrected distance visua
visual acuity; SE, spherical equivalent; NA, not available.

a MfIOL models of refractive design was displayed in bold italics.
b Data presented as mean � standard deviation (SD).
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for the UDVA, contrast sensitivity, or aberrations among the three TEC-
NIS models, but the ZMB00's UNVA was better, at 33 cm, than that of the
other two models.36,37 Nevertheless, the comfortable working distance
for most people is around 40–60 cm, and IOLs applying low near addi-
tions help to improve the intermediate vision to some extent.36 ZKB00s
with low near additions can provide patients with satisfactory UIVA and
UNVA, and 98.4% of the patients' spherical equivalents (SEs) at the in-
termediate and near distances are within �1 D (Table 2).38 Compared
with other MfIOLs, ZM900s provided better UDVA, UNVA, and refraction
stability than a refractive MfIOLs (e.g., ReZoom) and a
refractive-diffractive MfIOLs (e.g., ReSTOR).23 Compared with refractive
AIOLs, ZMA00s with high near additions were slightly inferior to AIOLs
in improving intermediate vision and reducing optical disturbances, but
the UNVA was better than that provided by AIOLs.39

2.2.2.2. Trifocal diffractive MfIOLs. Although the high near addition of
bifocal MfIOLs ensures satisfactory distance and near vision, demands are
increasing for intermediate vision based on changes in people's lifestyles.
Reducing the near additions of bifocal MfIOLs helps to improve inter-
mediate VA to some extent, and another promising method is to produce
an additional focus at the intermediate distance.40 Here, we introduce
two representative trifocal diffractive MfIOLs.

The FineVision (PhysIOL, Belgium) series incorporates a special dif-
fractive profiles with different diffractive steps by combining two kino-
forms, producing three main foci on the anterior surfaces of the IOLs
(Table S4).35,41 In theory, the first-order diffraction of the first kinoform
provides an addition of þ3.5 D for near focus, the first-order diffraction
of the second kinoform provides an addition of þ1.75 D for intermediate
focus, and the second-order diffraction of the second kinoform enhances
near focus. In combination, three foci are produced, with light energy
reduced by about 15%.35,42,43 The FineVision series comprises three
models (Micro F, POD F, and POD FT) with similar optical designs and
refractive powers. Comparisons of the three models suggested that Micro
Fs with larger optics provide the best vision for large-pupil patients,
whereas POD FTs can improve the stability of IOLs, making them less
prone to decentration or tilting (Table 3).44 Several studies have
compared the FineVision series with EDOF IOLs and found that trifocal
MfIOLs provided better UNVA than the EDOF MfIOLs, but generated
more optical disturbances, such as halo and glare.45

RayOne (Rayner, United Kingdom) is another pure diffractive trifocal
MfIOL with a diffractive grating design. It has 16 diffractive rings in the
central 4.5 mm zone on the optic anterior surface, and the percentages for
light energy splitting are 52% for far distance, 22% for intermediate
UIVA (log MAR)b UNVA (log MAR)b SE (D)b

NA 0.12 � 0.03 0.22 � 0.09
NA 0.20 � 0.04 0.37 � 0.16
NA 0.11 � 0.03 0.29 � 0.09

0.18 � 0.15 (high-contrast) 0.04 � 0.13 (high-contrast) �0.09 � 0.34

0.27 � 0.18 (67 cm) 0.15 � 0.11 (33 cm) �0.16 � 0.50
NA 0.11 � 0.09 (33 cm) 0.04 � 0.23

0.15 � 0.08 (40 cm)
0.18 � 0.08 (50 cm)

NA 0.13 � 0.08 (33 cm) �0.10 � 0.22
0.14 � 0.08 (40 cm)
0.14 � 0.07 (50 cm)

NA 0.17 � 0.07 (33 cm) �0.04 � 0.28
0.15 � 0.07 (40 cm)
0.10 � 0.05 (50 cm)

0.16 � 0.16 (0.09 � 0.15
binocular)

0.11 � 0.19 (0.04 � 0.15
binocular)

�0.04–0.00c

l acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near



Table 3
Main clinical outcomes of eyes implanted with trifocal diffractive MfIOLs.

Study Model UDVA (log MAR)a UIVA (log MAR)a

(80 cm)
UNVA (log MAR)a

(40 cm)
UNVA (log MAR)a

(25 cm)
SE (D)a

Vryghem, 201342 FineVision 0.06 � 0.09 0.05 � 0.19 0.11 � 0.12 NA 0.10 � 0.37
Poyales, 201945 FineVision Micro F 0.02 � 0.01 0.21 � 0.02 0.13 � 0.02 0.29 � 0.02 �0.03 � 0.08

FineVision POD F 0.00 � 0.01 0.16 � 0.04 0.11 � 0.12 0.31 � 0.10 �0.09 � 0.07
FineVision POD FT 0.04 � 0.02 0.17 � 0.02 0.10 � 0.07 0.32 � 0.08 �0.17 � 0.10

Ferreira, 201947 RayOne �0.02 � 0.08 0.00 � 0.10 0.01 � 0.12 NA �0.07 � 0.29
FineVision POD F �0.01 � 0.06 0.04 � 0.07 0.02 � 0.11 NA �0.25 � 0.35

Abbreviations: MfIOL, multifocal intraocular lens; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near
visual acuity; SE, spherical equivalent; NA, not available.

a Data presented as mean � standard deviation (SD).
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distance, and 26% for near distance.46 Compared with the FineVision
series, both FineVision and RayOne models provided satisfactory dis-
tance, intermediate, and near VA (Table 3). The defocus curves were
similar for the two groups, and both provided the best UNVA at �3.0 D
(33 cm). At an intermediate distance, the VA decreased less than 0.2 log
MAR within the range of �2.5 to �1.0 D (40–100 cm).46 RayOne
therefore provides patients with excellent VA at all distances, together
with improved refractive accuracy.

2.2.3. Hybrid refractive-diffractive MfIOLs
Although MfIOLs provide satisfactory VA at all distances, they inev-

itably cause photic disturbances, such as halo and glare, and decrease
contrast sensitivity, mainly due to increased aberrations and decreased
energy from the light dispersion. To solve this problem, apodization is
used to gradually reduce the diffraction step from the center to the pe-
riphery of some diffractive MfIOLs. Alternatively, combined diffraction
and refraction can redistribute incoming light across different foci.47

2.2.3.1. Bifocal refractive-diffractive MfIOLs. The AcrySof IQ ReSTOR is a
new bifocal refractive-diffractive MfIOL produced by the Alcon Com-
pany, USA. The IOL's optic center smoothly decreases in step heights
from the center to the periphery, and the peripheral zone is pure
refractive for distance vision.19,35 The refractive-diffractive design im-
proves light transmission and reduces light dispersion, providing a
smooth transition between different foci without compromising contrast
sensitivity (Table S5). Pedrotti et al. compared the AcrySof IQ ReSTOR
SV25T0 and SN60D1 models and found better VA for the SV25T0 at
50–70 cm and better VA for the SN60D1 at 30–40 cm.48 The AcrySof IQ
ReSTOR SN60AD3 was also compared with a refractive ReZoom MfIOL
and a diffractive Tecnis MF ZM900 MfIOL (Table 4). The refractive
ReZoom had worse UNVA than the other models. The level of spectacle
Table 4
Main clinical outcomes of eyes implanted with bifocal refractive-diffractive MfIOLs.

Study Modela UDVA (log MAR)b

Gierek-Ciaciura, 201024 SA60D3 0.17 � 0.02
ReZoom 0.11 � 0.01
ZM900 0.14 � 0.02

Pedrotti, 201849 SN6AD1 0.02 � 0.08
SN6AD2 0.00 � 0.09

Alfonso, 2007a54 Acri Tec737D 0.04 � 0.06 (BCDVA)
Acri Tec 733D 0.14 � 0.13 (BCDVA)

Alfonso, 2007b52 Acri LISA 366D 0.13 � 0.20
Fern�andez-Vega, 200791 Acri Tec 447D 0.02 � 0.04 (BCDVA)

Alio, 201133 Acri LISA 366D 0.11 � 0.11
Wang, 201556 BB MFM 611 �0.05 � 0.13

BB MF 613 0.02 � 0.14

Abbreviations: MfIOL, multifocal intraocular lens; UDVA, uncorrected distance visua
visual acuity; SE, spherical equivalent; BCDVA, best corrected distance visual acuity
visual acuity; NA, not available.

a MfIOL models with refractive design were displayed in bold italics.
b Data presented as mean � standard deviation (SD).
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independence was 80% in patients implanted with ZM900s and
SN60AD3s, but 70% for those implanted with ReZooms. MfIOLs with a
diffractive design have therefore been recommended for patients with
high demands for near VA.

The AT LISA series produced by Carl Zeiss Meditec Company, Ger-
many, is another typical refractive-diffractive MfIOL, consisting of
bifocal 809M and trifocal 839M models, and 909M and 939MP models
with an astigmatism-correcting function.49 Compared with the ReSTOR
SN6AD1, both IOLs exhibited excellent VA at all distances, but the in-
termediate VA was not as good as the near VA, and the level of spectacle
independence was 69% for the 809M and 65% for the SN6AD1.50

Another MfIOL in this category is the Eyecryl (Biotech Vision Care,
India) Actv, the optic of which consists of a refraction region-diffraction
region-refraction region progression from the center to the periphery.
Haldipurkar et al. compared the Actv IOL with the ReSTOR SN6AD1 and
found no significant differences in VA, visual quality, or defocus curve
between the two groups. However, the Actv provided better contrast
sensitivity and fewer optical disturbances than the SN6AD1 under mes-
opic conditions.47

The Acri series from Acritec Industries, Germany, is another type of
refractive-diffractive MfIOL (Table S5); for instance, the Acri LISA 366D
is an aspheric MfIOL consisting of a main zone and a phase zone. The
main zone handles distance and near foci, with light distributions of 65%
and 35%, respectively.51 The phase zone reduces the light loss that causes
HOAs, decreases optical disturbances and improves the visual quality.51

Also, the Acri LISA 366D has an aspheric surface to reduce corneal ab-
errations, and its sharp optic edge is designed to prevent PCO. Previous
studies reported that the Acri LISA 366D provided excellent distance and
near VA and contrast sensitivity, and was suitable for patients with high
demands for contrast sensitivity.51,52 Thereafter, the Acri Twin system of
737D and 733D models were designed to minimize the visual
UIVA (log MAR)b UNVA (log MAR)b SE (D)b

0.36 � 0.07 0.11 � 0.11 �0.05 � 0.41
NA 0.20 � 0.04 0.37 � 0.16
NA 0.12 � 0.03 0.22 � 0.09
0.29 � 0.12 (60 cm) 0.05 � 0.08 (40 cm) �0.06 � 0.22
0.00 � 0.08 (60 cm) 0.28 � 0.11 (40 cm) �0.06 � 0.27
NA 0.06 � 0.09 (BCNVA) 0.07 � 0 .56
NA 0.02 � 0.12 (BCNVA) 0.06 � 0.63
NA 0.01 � 0.05 NA
0.04 � 0.03 at 33 cm (BCIVA);
0.21 � 0.08 at 70 cm (BCIVA)

0.04 � 0.03 (BCNVA) �0.09 � 0.48

NA 0.12 � 0.11 0.13 � 0.48
NA 0.15 � 0.14 0.69 � 0.49
NA 0.20 � 0.17 0.75 � 0.49

l acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near
; BCIVA, best corrected intermediate visual acuity; BCNVA, best corrected near
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disturbances common with MfIOLs. Alfonso et al. found that combining
these two models significantly improved VA and contrast sensitivity, but
some patients could not adapt to the unequal light distribution between
their eyes (Table 4).53

The Acriva Reviol (VSY Biotechnology, Netherlands) series has three
models: MFM 611, 613, and 625. Previous studies compared the MFM
611/625 with the Acri LISA and ReSTOR SN6AD3, but observed no
significant differences in VA at all distances, contrast sensitivity, or
photic disturbances (Table 4)54,55; hence, the choice of MfIOL mainly
depends on the patients’ preferences.

2.2.3.2. Trifocal refractive-diffractive MfIOLs. OptiVis (Aaren Scientific,
United States) is a far-dominant refractive-diffractive MfIOL that handles
three foci by alternating the refractive and diffractive zones. The multi-
focal posterior surface consists of three zones: the first refractive zone for
distance and intermediate vision, the second apodized diffractive zone
for distance and near vision, and the third refractive zone to improve
contrast sensitivity (Table S5).56 Dyrda et al. found that OptiVis provided
good VA at all distances, although the level of spectacle independence
was 16% for distance vision and 50% for near vision (Table 5).56

Another trifocal refractive-diffractive MfIOL is the widely used AT
LISA tri 839MP from Carl Zeiss Meditec Company, Germany, which
consists of a central trifocal zone and a peripheral bifocal zone. The light
dispersion is 50% for far distance, 20% for intermediate distance, and
30% for near distance (Table S5). Compared to the EDOF ZXR00 MfIOL,
the 839MP had better UNVA but producedmore photic disturbances. The
level of spectacle independence was 54% for the 839MP and 64% for the
ZXR00.57 For patients with high expectation for spectacle independence,
the 839MP model is a better option.

The AcrySof IQ PanOptix is a single-piece aspheric trifocal refractive-
diffractive MfIOL developed by Alcon Laboratories, USA, in 2015, which
is widely used for presbyopia correction.58 Unlike the usual design of
intermediate focus at a distance of 80 cm, the intermediate focus of
PanOptix is at 60 cm, providing a more comfortable working distance for
most people. The innovative features of the PanOptix IOL are summa-
rized in Table S5. Unlike the common trifocal MfIOLs, the PanOptix
applies a patented ENLIGHTEN optical technology to redistribute the
light energy and minimize the energy loss.59,60 A previous study
involving patients with bilateral PanOptix implantations reported
excellent VA at all distances, particularly for intermediate VA (Table 5).59

Three months postoperatively, the researchers also reported high levels
of spectacle independence.59 Although 89% of patients reported halo
disturbance, the photic effect was mild and the overall satisfaction was
high. Compared with the TECNIS Symfony ZXR00, the PanOpitx pro-
duced significantly better UNVA, although halo and glare optical dis-
turbances were more frequently reported.61
Table 5
Main clinical outcomes of eyes implanted with trifocal refractive-diffractive
MfIOLs.

Study Modela UDVA (log
MAR)a

UIVA (log
MAR)a

UNVA (log
MAR)a

Dyrda, 201857 OptiVis 0.13 � 0.12 0.54 � 0.31 0.20 � 0.14
Webers,
202058

AT LISA tri
839MP

�0.05 �
0.07

0.01 � 0.03 0.04 � 0.07

Sudhir,
201959

AcrySof IQ
PanOptix

0.00 � 0.09 0.00 � 0.11
(60 cm)

0.01 � 0.09

0.09 � 0.11
(80 cm)

Farvardin,
202162

AcrySof IQ
PanOptix

0.03 � 0.11 0.20 � 0.11 0.23 � 0.11

Abbreviations: MfIOL, multifocal intraocular lens; UDVA, uncorrected distance
visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected
near visual acuity.

a Data presented as mean � standard deviation (SD).
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2.2.4. Extended depth of field (EDOF) MfIOLs
The additional foci of MfIOLs can provide better VA at certain dis-

tances, but the depth of focus is usually limited, leading to poor image
quality. The recent introduction of EDOF technology has led to consistent
visual performance in response to light. EDOF IOLs are generally based
on two principles: the first is decreasing the spherical aberration and
extending the depth of focus, such as the Isopure (PhysIOL, Belgium),
Acrisof Vivity (Alcon, USA), and Tecnis Eyhance (Johnson & Johnson,
USA) MIOLs.14,35,62 However, the EDOF IOLs based on asphericity have
larger spherical aberration, which may lead to binocular photic phe-
nomena.63 The second is using the pinhole principle to elongate the
focus, such as the IC-8 (Acufocus, USA) and XtraFocus piggyback
(Morcher GmbH, Germany) MIOLs.35,64 The blurred vision resulting
from defocus is proportional to pupil diameter. Although a small pupil
can expand the eye's depth of field, it would also influence diffraction and
optical aberrations and reduce the field of view.14 Unlike bifocal or
trifocal MfIOLs, which have biphasic defocus curve profiles, the defocus
curves of EDOF MfIOLs are smooth and steady, without decay or energy
loss at intermediate to far distances.65 Through special diffraction
grating, the EDOF MfIOLs extend a focus into a focal line, which can
enhance depth of focus or range of vision and eliminate the overlapping
of near and distant images caused by traditional MfIOLs.64 We next
summarize some commonly used EDOF MfIOLs on the market.

The TECNIS Symfony ZXR00 is a multifocal-EDOF IOL produced by
Johnson & Johnson (USA), which was approved by the FDA in 2016.66 It
combines a wavefront-design aspheric anterior surface with an achro-
matic diffractive posterior surface and uses proprietary echelette tech-
nology (Table S6).64,66 Cochener et al. examined 411 patients’ VA at 4–6
months after bilateral implantation of ZXR00, and the mean UDVA,
UIVA, and UNVA were 0.95, 0.81, and 0.69, respectively.67 Comparing
with MIOLs, ZXR00 showed some inherent defects, including optical
disturbances and low contrast sensitivity, but were considered tolerable
by patients, who rated them highly.68 Another study by Gil et al.
compared the ZXR00 with some bifocal MfIOLs (the SVT250, ZKB00,
ZLB00, and AT LISA 809M) and a trifocal MfIOL (the AT LISA Tri 839MP)
and found that the ZXR00 produced a single peak in the defocus curve
from intermediate to far distance.65 For patients who expect good in-
termediate VA, the ZXR00 is more effective.

The Artis Symbiose (Cristalens Industrie, France) is designed with a
patented through-focus phase profile with extended sharp vision at near
to intermediate distances and high contrast sensitivity at far distances.69

To date, studies regarding the Artis Symbiose have been mainly theo-
retical, and clinical trials are needed to providemore evidence for clinical
application.

Another EDOF MfIOLs is the Mini WELL Ready IOL (SIFI, Italy),
featured with positive and negative spherical aberrations in three
different optic zones (Table S6). Previous studies have confirmed the
stability and effectiveness of the Mini WELL in providing excellent VA at
all distances with few night visual disturbances.66,70 Postoperative
questionnaires also indicated high levels of spectacle independence and
patient satisfaction, and the incidences of postoperative dysphotopsia
and optical disturbances for the Mini WELL were lower than those for the
ZXR00.66

In addition to the clinically available EDOF MfIOLs, some experi-
mental EDOF techniques also showed promising results. For example, the
peacock eye optical element was designed to focus an incident plane
wave into a segment of the optical axis.71 The double peacock eye
element produces two successive focal segment which covers the
required depth of focus, and demonstrates better image quality at the
focal points and smaller aberration than MfIOLs.71 Another EDOF tech-
nique, light sword lenses, is an asymmetric refractive element with
angular variation of optical power.72 Experimental results showed that
light sword lenses produced consistently good quality images at a wide
range of distances from 25 to 33 cm to infinity, and a recent clinical study
showed their acceptable VA and high-quality contrast sensitivity at near
and distant vision.73 Overall, all these new EDOF designs represent
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promising alternatives for presbyopia correction in clinical applications.

2.2.5. Accommodating intraocular lens (AIOLs)
AIOLs are designed to maintain the natural accommodation ability of

the eyes' refractive system, which can change the IOL's refractive power
with the help of ciliary muscular contractions.74 AIOL optics are usually
composed of the same material with the same refractive index and
without any optical microstructures, such as diffraction grating or
refractive zones, which reduces optical disturbances.25 According to their
optic designs, AIOLs mainly include single-optic, dual-optic, and
deformable surfaces, etc. (Table S7).

2.2.5.1. Single-optic AIOLs. Single-optic AIOLs are usually connected
with flexible haptics, allowing the optics to convert the contraction of the
ciliary muscle into power for the accommodation ability of eyes
(Table 6)74; for example, the 1CU produced by HumanOptics Company,
Germany, can adjust its axial position according to ciliary muscle
contraction and relaxation, within a range ofþ16–26 D.75 The Crystalens
IOL series produced by Bausch and Lomb Company, Canada, is a hinged
plate-haptic AIOL made from a third-generation silicone elastome. The
ciliary muscle contraction redistributes Crystalens AT-45 across the vit-
reous base and eventually leads to axial displacement and refractive
power change of the optic.76 Another typical single-optic AIOL is the
Tetraflex KH3500 (Lenstec, United States), which has a 5�angle between
the optic and haptics and an edge designed to reduce PCO. Previous
evidence confirmed that single-optic AIOLs provided comparable VA
with MfIOLs, but generated significantly less halo or glare.77 However,
since single-optic AIOLs can only move less than 1 mm in the eyes, which
results in limited refractive change and accommodation.78 Another risk
associated with single-optic AIOLs is capsular contraction syndromes,
which can alter the intended position of the IOL optic. Asymmetric
capsular contractions force one of the plate haptics to vault anteriorly and
the other posteriorly, resulting in astigmatism.19

2.2.5.2. Dual-optic AIOLs. A dual-optic AIOL consists of two indepen-
dent optical elements, and the distance between them alters as the
capsule bag contracts and changes the refractive power accordingly. At
present, the Synchrony (Visiogen, United States) and Sarfarazi (Bausch
and Lomb, United States) are the only dual-optic AIOLs available on the
market (Table S7). The Synchrony IOL uses two optical elements—one
positive-power anterior optic and one negative-power posterior optic—to
provide emmetropia. This dual-optic AIOL can produce 2.2 D power per
1 mm of movement compared with the 1 D of a single-optic AIOL.74 The
Sarfarazi is another dual-optic AIOL produced by Bausch and Lomb, with
accommodation up to 4.0 D.74 Previous studies have proved that
dual-optic AIOLs can provide better VA, higher contrast sensitivity, and
Table 6
Main clinical outcomes of eyes implanted with AIOLs.

Study Modela UDVA
(log
MAR)b

UIVA (log
MAR)b

UNVA
(log
MAR)b

SE (D)b

Saiki,
201074

1CU 0.00 �
0.10

NA 0.51 �
0.36

�0.26 �
0.41

Marchini,
200777

Crystalens
AT-45

0.02 �
0.01

NA NA �0.1 �
0.5

1CU 0.04 �
0.07

NA NA �0.2 �
0.9

MIOL 0.04 �
0.02

NA NA �0.3 �
0.2

Abbreviations: AIOL, accommodating intraocular lens; UDVA, uncorrected
distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA,
uncorrected near visual acuity; SE, spherical equivalent; MIOL, monofocal
intraocular lens; NA, not available.

a MIOL models were displayed in bold italics.
b Data presented as mean � standard deviation (SD).
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lower incidence of PCO than single-optic AIOLs.79,80 However, dual-optic
AIOLs also have limited accommodation amplitude, which depends on
the elasticity of the capsule bag. The forward movement of the anterior
optic increases the distance between the image space nodal point and the
retina, resulting in magnification of the image74; therefore, the effect of
dual-optic AIOLs in practice largely depends on patients’ personal
characteristics.

2.2.5.3. Other AIOLs. Besides the aforementioned AIOLs, another cate-
gory of deformable surface AIOLs exists, which is represented by NuLens
(Ben-Nun, Israel) and designed with a silicone oil filling. This type of
AIOL generally has an anterior reference plane with a central round hole
and a posterior piston. When the ciliary muscle contracts or relaxes, the
capsule diaphragm causes the flexible gel to thin or bulge, resulting in an
increase or decrease in IOL optical power until the best image is obtained
on the retina.81,82 Ali�o et al. reported the 1-year follow-up results for 10
patients with NuLens AIOL and showed that UNVA reached a peak at 3
months and stabilized at 9 months postoperatively. However, clinical
evidence of this AIOL's effectiveness is still limited.

Other underdeveloped AIOLs include switchable electro-optic dif-
fractive lenses based on electrical control, and MAG-driven active shift
AIOLs and smart AIOLs based on temperature control.74,83 The AkkoLens
Lumina AIOL (Akkolens International B.V., Netherlands) slides on the
plane perpendicular to the optical axis to provide a continuous
variable-focus lens (Table S7).84 A previous study showed that Luminas
produced significantly better UIVA and UNVA than MIOLs at a 1-year
follow-up, without compromising contrast sensitivity.84 Fluidvision
(Powervision, United States), another clinically available AIOL, changes
the refractive index through fluid displacement. When the haptics are
subject to accommodative forces, silicone oil is pushed into the optic
through fluid channels that connect the haptics to the optic, changing the
AIOL's refractive index, which provides much better biocompatibility
with the uvea and lens capsule than a single-optic AIOL.85 Taken
together, the recently developed AIOLs can achieve comparable UDVA
and significantly better UIVA and UNVA than MIOLs, with fewer side
effects. Nevertheless, their accommodation effects are limited, and large
sample size clinical trials are needed prior to clinical application.

2.2.6. Add-on MfIOLs
Since MIOLs can only provide a focus at far distances, patients with

MIOL implantations often experience pseudophakic presbyopia. Nowa-
days, supplementary MfIOL implantation is considered as an effective
treatment for pseudophakic presbyopia by combining an add-on MfIOL
in the ciliary sulcus with a MIOL in the capsule.86,87 The most common
add-on MfIOLs include the trifocal 1stQ Add-On series (Medicontur
Medical Engineering Ltd., Germany), bifocal DIFFRACTIVA Diff-sPB
(HumanOptics, Germany), and the bifocal M-Flex Sulcoflex (Rayner
Surgical GmbH, United Kingdom) (Table S8). The 1stQ AddOnMfIOL can
provide excellent UDVA and UNVA without complications or optical
disturbances, and it performs better at near distances than trifocal MfIOLs
in capsular bags.87,88 For the bifocal Diff-sPB, the best UNVA was re-
ported at 30 cm, with 100% patient satisfaction.86 No severe post-
operative complications were observed, and halo and glare were mild,
confirming the safety of the Diff-sPB.86 Schrecker et al. reported the re-
sults for two other bifocal add-on MfIOLs—the refractive Sulcoflex 653F
and the diffractive MS 714 PB Diff—combined with MIOLs in pseudo-
phakic patients.89 Both add-on MfIOLs provided excellent VA at all dis-
tances, while the diffractive MS 714 PB Diff performed better at a
distance of 40 cm and caused significantly fewer optical disturbances
than the refractive Sulcoflex 653F.89 Add-on MfIOLs are therefore
promising IOLs for pseudophakic presbyopia correction.

3. Selection of MfIOLs

The development of various advanced MfIOLs has met people's de-
mands for high-quality vision and spectacle independence at all
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distances. However, inevitable optical disturbances, including halo and
glare, are the inherent shortcomings of MfIOLs. In clinical practice, strict
selection criteria based on the MfIOLs' characteristics, patients' expecta-
tions, and preoperative conditions should be used.18,23,90

3.1. Implantation strategies

Nowadays, mix and match strategy is common for presbyopia
correction. Bilateral implantation of MfIOLs with different near-distance
additions is known to improve VA and spectacle independence without
affecting stereovision and contrast sensitivity. Some studies have
compared the mix and match implantation of EDOF MfIOLs with the
bilateral implantation of trifocal MfIOLs; the EDOF group exhibited
better UDVA but inferior UIVA and UNVA than the trifocal group.64 Also,
binocular intolerance to different light distributions between eyes may
occur with mix and match implantations.91

3.2. Precautions for selecting presbyopia patients

For patients who opt for implanted MfIOLs to achieve better func-
tional vision, accurate preoperative assessment is essential.13 This in-
cludes reviewing the patients' medical histories for relevant medical
conditions, medications currently used, and other risk factors, such as
diabetes and immunosuppressive conditions, that may affect surgical
outcomes.92 Also, patients’ psychological states and endurance should be
assessed. Since there may be a long neuroadaptation process of several
months following MfIOL implantation, patients who are psychologically
unstable or intolerable of visual disturbances may not be suitable for
MfIOL implantations.

More importantly, regarding patients' ophthalmic conditions, those
with high degrees of astigmatism, irregular astigmatism, or other forms
of corneal dystrophy or degeneration are not suitable for MfIOL im-
plantations.93 Patients with macular diseases or abnormal structures and
children with varying physiological features are also unsuitable. There-
fore, eye examinations and assessments before MfIOL implantations
should be careful and individualized. Most MfIOLs require large pupil
sizes to facilitate the efficient use of incident light. The larger the pupil is,
the more zones of an MfIOL's optic can be used.92,94 By contrast, small
pupils require higher capsulorhexis technology because MfIOLs are more
sensitive to decentered capsulorhexis. Other conditions, such as eccentric
pupils or iris coloboma, can lead to MfIOL dysfunction, which is an ab-
solute contraindication for MfIOL implantation.95

When choosing a suitable MfIOL, the patient's lifestyle and vision
requirements should also be considered; for example, for patients who
frequently read books, use mobile devices, or work on computers, the
EDOF MfIOL, which provides excellent UIVA, should be suitable.13 For
patients who requires good visual quality at night, the MfIOLs with
excellent contrast sensitivity under mesopic conditions may be a better
choice.

Postoperative astigmatism correction is vital for vision recovery. One
study reported that the VA provided by MfIOLs is directly proportional to
the degrees of residual astigmatism in eyes implanted with MfIOLs.96

Toric MfIOLs have an anterior or posterior surfaces that provide multi-
focality, and toric surfaces that provide astigmatism correction; there-
fore, patients with high astigmatismmay choose toric MfIOLs, such as the
AcrySof IQ ReSTOR SN6AD1 or the Tecnis Symfony Toric, to provide the
best visual quality.

3.3. The choice of MfIOLs

3.3.1. MfIOLs diopter
An appropriate MfIOL diopter is the basis for successful postoperative

vision.92 First, the axial length should be measured using A-scan ultra-
sound or IOL Master (Carl Zeiss Meditec Company, Germany), and the
central corneal diopter should be determined by automatic or manual
7

corneal curvature measurement or corneal topography. Finally, the total
diopter of the MfIOL should be calculated using the calculation formulae,
such as the Hoffer Q, Holladay, and SRK/T, etc.92

3.3.2. MfIOL implantation site
As mentioned in the previous sections, an MfIOL can be implanted in

the capsule bag or in the ciliary sulcus as an add-on IOLs. Add-on MfIOLs
have been reported to provide similar postoperative visual outcomes to
the conventional intracapsular method.97 Nevertheless, intraocular
pigment deposits and dysphotopsia have been reported more frequently
for add-on MfIOLs.98

3.3.3. MfIOLs’ optical design
Over decades of development, MfIOLs have been produced with

various edges, haptics, materials, and focus additions. Unlike MfIOLs
with round and blunt edges, MfIOLs with sharp and square optic edges
can prevent the migration of epithelial cells at the posterior capsule
interface and therefore prevent PCO.99 Also, haptic deformation and
bending caused by anterior capsule contraction play a key role in IOL
decentration and tilting, which significantly affect visual quality. Bozu-
kova et al. carried out in vitro and in vivo experiments and proved that
double C-loop haptics are suitable for manufacturing high-quality IOLs.99

Considering MfIOLs' focus addition, some manufacturers use low near
addition to provide excellent intermediate vision and accommodate pa-
tients’ increasing needs to work at intermediate distances.100 Low near
addition MfIOLs can also provide lower incidence of optical disturbances
and higher levels of spectacle independence and patient satisfaction.36

However, more studies should be carried out to assess the effects of op-
tical designs on postoperative visual outcomes.

4. Conclusions

In recent decades, IOLs have developed rapidly alongside various
advanced models and continuous technological innovation. Although
MfIOLs have inherent disadvantages, the development of MfIOLs over
the past few decades has significantly improved presbyopia patients'
quality of life. Our review has listed some representative MfIOLs and
summarized the clinical outcomes of the most common models. In gen-
eral, choices of MfIOLs should be based on the patients’ eye conditions,
daily requirements for vision at different distances, functional statuses,
and the characteristics of different MfIOLs. More large-scale clinical trials
of MfIOLs for presbyopia correction are needed to provide patients with
maximum benefits from MfIOLs implantation. Also, the inherent defects
of MfIOLs such as light energy loss, and the potential risks of EDOF
technology, such as HOAs are still issues that still need to be solved, and
global awareness is lacking regarding the distinct types of MfIOLs. Ac-
cording to recent studies, the topics about “improving intermediate
vision”, “providing full range vision”, and “continuous focus”may still be
the priorities for the MfIOLs market in the future.

Study Approval

Not applicable.

Author Contributions

The authors confirm contribution to the paper as follows: Conception
and study design: Yanan Zhu; Writing the original draft: Yanan Zhu and
Yueyang Zhong; Review and editing: Yueyang Zhong and Yanyan Fu;
Supervision and funding acquisition: Yanan Zhu. All authors have read
and approved the final version of the manuscript.

Acknowledgments

Thanks to all the peer reviewers for their opinions and suggestions.



Y. Zhu et al. Advances in Ophthalmology Practice and Research 2 (2022) 100042
Funding

This work was supported by the National Natural Science Foundation
of China (Grant No. 81970779 to Zhu Yanan).

Conflict of Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Authorship

All authors attest that they meet the current ICMJE criteria for
authorship.

Abbreviations

AIOL Accommodating intraocular lens
EDOF Extended depth of field
FDA United Sates Food and Drug Administration
HOA Higher-order aberration
IOL Intraocular lens
MIOL Monofocal IOL
MfIOL Multifocal IOL
PCO Posterior capsular opacity
SE Spherical equivalent
UDVA Uncorrected distance visual acuity
UIVA Uncorrected intermediate visual acuity
UNVA Uncorrected near visual acuity
VA Visual acuity

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://do
i.org/10.1016/j.aopr.2022.100042.

References

1. Wolffsohn JS, Davies LN. Presbyopia: effectiveness of correction strategies. Prog
Retin Eye Res. 2019;68:124–143. https://doi.org/10.1016/
j.preteyeres.2018.09.004.

2. Zamora-de La Cruz D, Zú~niga-Posselt K, et al. Trifocal intraocular lenses versus
bifocal intraocular lenses after cataract extraction among participants with
presbyopia. Cochrane Database Syst Rev. 2020;6:CD012648. https://doi.org/
10.1002/14651858.CD012648.pub2.

3. Davies LN, Croft MA, Papas E, et al. Presbyopia: physiology, prevention and
pathways to correction. Ophthalmic Physiol Opt. 2016;36:1–4. https://doi.org/
10.1111/opo.12272.

4. de Vries NE, Nuijts RMMA. Multifocal intraocular lenses in cataract surgery:
literature review of benefits and side effects. J Cataract Refract Surg. 2013;39:
268–278. https://doi.org/10.1016/j.jcrs.2012.12.002.

5. Charman WN. Developments in the correction of presbyopia I: spectacle and
contact lenses. Ophthalmic Physiol Opt. 2014;34:8–29. https://doi.org/10.1111/
opo.12091.

6. Lord SR, Dayhew J, Howland A. Multifocal glasses impair edge-contrast sensitivity
and depth perception and increase the risk of falls in older people. J Am Geriatr Soc.
2002;50:1760–1766. https://doi.org/10.1046/j.1532-5415.2002.50502.x.

7. Abdelkader A. Improved presbyopic vision with miotics. Eye Contact Lens. 2015;41:
323–327. https://doi.org/10.1097/icl.0000000000000137.

8. Benozzi J, Benozzi G, Orman B. Presbyopia: a new potential pharmacological
treatment. Med Hypothesis, Discov Innovation (MEHDI) Ophthalmol. 2012;1:3–5.

9. Wang Yin GH, McAlinden C, Pieri E, et al. Surgical treatment of presbyopia with
central presbyopic keratomileusis: one-year results. J Cataract Refract Surg. 2016;
42:1415–1423. https://doi.org/10.1016/j.jcrs.2016.07.031.

10. Menassa N, Fitting A, Auffarth GU, et al. Visual outcomes and corneal changes after
intrastromal femtosecond laser correction of presbyopia. J Cataract Refract Surg.
2012;38:765–773. https://doi.org/10.1016/j.jcrs.2011.11.051.

11. Liu YC, Hall B, Lwin NC, et al. Tissue responses and wound healing following laser
scleral microporation for presbyopia therapy. Transl Vis Sci Technol. 2020;9:6.
https://doi.org/10.1167/tvst.9.4.6.

12. Hamilton DR, Davidorf JM, Maloney RK. Anterior ciliary sclerotomy for treatment
of presbyopia: a prospective controlled study. Ophthalmology. 2002;109. https://
doi.org/10.1016/s0161-6420(02)01252-6, 1970–6; discussion 1976-7.
8

13. Alio JL, Plaza-Puche AB, F�ernandez-Buenaga R, et al. Multifocal intraocular lenses:
an overview. Surv Ophthalmol. 2017;62:611–634. https://doi.org/10.1016/
j.survophthal.2017.03.005.

14. Kollbaum PS, Bradley A. Correction of presbyopia: old problems with old (and new)
solutions. Clin Exp Optom. 2020;103:21–30. https://doi.org/10.1111/cxo.12987.

15. Chung B, Choi S, Ji YW, et al. Comparison of objective accommodation in phakic
and pseudophakic eyes between age groups. Graefes Arch Clin Exp Ophthalmol.
2019;257:575–582. https://doi.org/10.1007/s00417-019-04249-7.

16. Mahrous A, Ciralsky JB, Lai EC. Revisiting monovision for presbyopia. Curr Opin
Ophthalmol. 2018;29:313–317. https://doi.org/10.1097/icu.0000000000000487.

17. Zeri F, Berchicci M, Naroo SA, et al. Immediate cortical adaptation in visual and
non-visual areas functions induced by monovision: immediate cortical adaptation
induced by monovision. J Physiol. 2018;596:253–266. https://doi.org/10.1113/
JP274896.

18. Mu~noz G, Albarr�an-Diego C, Ferrer-Blasco T, et al. Visual function after bilateral
implantation of a new zonal refractive aspheric multifocal intraocular lens.
J Cataract Refract Surg. 2011;37:2043–2052. https://doi.org/10.1016/
j.jcrs.2011.05.045.

19. Cillino S, Casuccio A, Di Pace F, et al. One-year outcomes with new-generation
multifocal intraocular lenses. Ophthalmology. 2008;115:1508–1516. https://
doi.org/10.1016/j.ophtha.2008.04.017.

20. Sen HN, Sarikkola A-U, Uusitalo RJ, et al. Quality of vision after AMO Array
multifocal intraocular lens implantation. J Cataract Refract Surg. 2004;30:
2483–2493. https://doi.org/10.1016/j.jcrs.2004.04.049.

21. Ali�o JL, Tavolato M, De la Hoz F, et al. Near vision restoration with refractive lens
exchange and pseudoaccommodating and multifocal refractive and diffractive
intraocular lenses: comparative clinical study. J Cataract Refract Surg. 2004;30:
2494–2503. https://doi.org/10.1016/j.jcrs.2004.04.052.

22. Mu~noz G, Albarr�an-Diego C, Cervi~no A, et al. Visual and optical performance with
the ReZoom multifocal intraocular lens. Eur J Ophthalmol. 2012;22:356–362.
https://doi.org/10.5301/ejo.5000030.

23. Gierek-Ciaciura S, Cwalina L, Bednarski L, et al. A comparative clinical study of the
visual results between three types of multifocal lenses. Graefes Arch Clin Exp
Ophthalmol. 2010;248:133–140. https://doi.org/10.1007/s00417-009-1177-4.

24. Rabsilber TM, Rudalevicius P, Jasinskas V, et al. Influence of þ3.00 D and þ4.00 D
near addition on functional outcomes of a refractive multifocal intraocular lens
model. J Cataract Refract Surg. 2013;39:350–357. https://doi.org/10.1016/
j.jcrs.2012.09.026.

25. Nuzzi R, Tridico F. Comparison of visual outcomes, spectacles dependence and
patient satisfaction of multifocal and accommodative intraocular lenses: innovative
perspectives for maximal refractive-oriented cataract surgery. BMC Ophthalmol.
2017;17:12. https://doi.org/10.1186/s12886-017-0411-9.

26. Apple DJ, Sims J. Harold Ridley and the invention of the intraocular lens. Surv
Ophthalmol. 1996;40:279–292. https://doi.org/10.1016/s0039-6257(96)82003-0.

27. Werner L. Intraocular lenses. Ophthalmology. 2021;128:e74–93. https://doi.org/
10.1016/j.ophtha.2020.06.055.

28. Moore JE, McNeely RN, Pazo EE, et al. Rotationally asymmetric multifocal
intraocular lenses: preoperative considerations and postoperative outcomes. Curr
Opin Ophthalmol. 2017;28:9–15. https://doi.org/10.1097/icu.0000000000000339.

29. McNeely RN, Pazo E, Spence A, et al. Comparison of the visual performance and
quality of vision with combined symmetrical inferonasal near addition versus
inferonasal and superotemporal placement of rotationally asymmetric refractive
multifocal intraocular lenses. J Cataract Refract Surg. 2016;42:1721–1729. https://
doi.org/10.1016/j.jcrs.2016.10.016.

30. Baikoff G. Surgical treatment of presbyopia: scleral, corneal, and lenticular. Curr
Opin Ophthalmol. 2004;15:365–369. https://doi.org/10.1097/00055735-
200408000-00014.

31. Nakajima D, Takahashi H, Kobayakawa S. Clinical outcome of Lentis comfort
intraocular lens implantation. J Nippon Med Sch. 2021;88:398–407. https://
doi.org/10.1272/jnms.JNMS.2021_88-504.

32. Alio JL, Pi~nero DP, Plaza-Puche AB, et al. Visual outcomes and optical performance
of a monofocal intraocular lens and a new-generation multifocal intraocular lens.
J Cataract Refract Surg. 2011;37:241–250. https://doi.org/10.1016/
j.jcrs.2010.08.043.

33. Shodai R, Negishi K, Arai H, et al. Comparative analysis of the visual and refractive
outcomes of a refractive segmented multifocal intraocular lens with and without
toricity: 1-year results. Jpn J Ophthalmol. 2017;61:142–149. https://doi.org/
10.1007/s10384-016-0497-2.

34. McNeely RN, Pazo E, Spence A, et al. Visual quality and performance comparison
between 2 refractive rotationally asymmetric multifocal intraocular lenses.
J Cataract Refract Surg. 2017;43:1020–1026. https://doi.org/10.1016/
j.jcrs.2017.05.039.

35. Rampat R, Gatinel D. Multifocal and extended depth-of-focus intraocular lenses in
2020. Ophthalmology. 2021;128:e164–e185. https://doi.org/10.1016/
j.ophtha.2020.09.026.

36. Kim JS, Jung JW, Lee JM, et al. Clinical outcomes following implantation of
diffractive multifocal intraocular lenses with varying add powers. Am J Ophthalmol.
2015;160:702–709. https://doi.org/10.1016/j.ajo.2015.07.021. e1.

37. Chang JSM, Ng JCM, Chan VKC, et al. Visual outcomes and patient satisfaction after
refractive lens exchange with a single-piece diffractive multifocal intraocular lens.
J Ophthalmol. 2014;2014:1–8. https://doi.org/10.1155/2014/458296.

38. Kretz FT, Gerl M, Gerl R, et al. Clinical evaluation of a new pupil independent
diffractive multifocal intraocular lens with a þ2.75 D near addition: a European
multicentre study. Br J Ophthalmol. 2015;99:1655–1659. https://doi.org/10.1136/
bjophthalmol-2015-306811.

https://doi.org/10.1016/j.aopr.2022.100042
https://doi.org/10.1016/j.aopr.2022.100042
https://doi.org/10.1016/j.preteyeres.2018.09.004
https://doi.org/10.1016/j.preteyeres.2018.09.004
https://doi.org/10.1002/14651858.CD012648.pub2
https://doi.org/10.1002/14651858.CD012648.pub2
https://doi.org/10.1111/opo.12272
https://doi.org/10.1111/opo.12272
https://doi.org/10.1016/j.jcrs.2012.12.002
https://doi.org/10.1111/opo.12091
https://doi.org/10.1111/opo.12091
https://doi.org/10.1046/j.1532-5415.2002.50502.x
https://doi.org/10.1097/icl.0000000000000137
http://refhub.elsevier.com/S2667-3762(22)00019-1/sref8
http://refhub.elsevier.com/S2667-3762(22)00019-1/sref8
http://refhub.elsevier.com/S2667-3762(22)00019-1/sref8
https://doi.org/10.1016/j.jcrs.2016.07.031
https://doi.org/10.1016/j.jcrs.2011.11.051
https://doi.org/10.1167/tvst.9.4.6
https://doi.org/10.1016/s0161-6420(02)01252-6
https://doi.org/10.1016/s0161-6420(02)01252-6
https://doi.org/10.1016/j.survophthal.2017.03.005
https://doi.org/10.1016/j.survophthal.2017.03.005
https://doi.org/10.1111/cxo.12987
https://doi.org/10.1007/s00417-019-04249-7
https://doi.org/10.1097/icu.0000000000000487
https://doi.org/10.1113/JP274896
https://doi.org/10.1113/JP274896
https://doi.org/10.1016/j.jcrs.2011.05.045
https://doi.org/10.1016/j.jcrs.2011.05.045
https://doi.org/10.1016/j.ophtha.2008.04.017
https://doi.org/10.1016/j.ophtha.2008.04.017
https://doi.org/10.1016/j.jcrs.2004.04.049
https://doi.org/10.1016/j.jcrs.2004.04.052
https://doi.org/10.5301/ejo.5000030
https://doi.org/10.1007/s00417-009-1177-4
https://doi.org/10.1016/j.jcrs.2012.09.026
https://doi.org/10.1016/j.jcrs.2012.09.026
https://doi.org/10.1186/s12886-017-0411-9
https://doi.org/10.1016/s0039-6257(96)82003-0
https://doi.org/10.1016/j.ophtha.2020.06.055
https://doi.org/10.1016/j.ophtha.2020.06.055
https://doi.org/10.1097/icu.0000000000000339
https://doi.org/10.1016/j.jcrs.2016.10.016
https://doi.org/10.1016/j.jcrs.2016.10.016
https://doi.org/10.1097/00055735-200408000-00014
https://doi.org/10.1097/00055735-200408000-00014
https://doi.org/10.1272/jnms.JNMS.2021_88-504
https://doi.org/10.1272/jnms.JNMS.2021_88-504
https://doi.org/10.1016/j.jcrs.2010.08.043
https://doi.org/10.1016/j.jcrs.2010.08.043
https://doi.org/10.1007/s10384-016-0497-2
https://doi.org/10.1007/s10384-016-0497-2
https://doi.org/10.1016/j.jcrs.2017.05.039
https://doi.org/10.1016/j.jcrs.2017.05.039
https://doi.org/10.1016/j.ophtha.2020.09.026
https://doi.org/10.1016/j.ophtha.2020.09.026
https://doi.org/10.1016/j.ajo.2015.07.021
https://doi.org/10.1155/2014/458296
https://doi.org/10.1136/bjophthalmol-2015-306811
https://doi.org/10.1136/bjophthalmol-2015-306811


Y. Zhu et al. Advances in Ophthalmology Practice and Research 2 (2022) 100042
39. Pepose JS, Qazi MA, Chu R, et al. A prospective randomized clinical evaluation of 3
presbyopia-correcting intraocular lenses after cataract extraction. Am J Ophthalmol.
2014;158:436–446. https://doi.org/10.1016/j.ajo.2014.06.003. e1.

40. Hayashi K, Sato T, Igarashi C, et al. Comparison of visual outcomes between
bilateral trifocal intraocular lenses and combined bifocal intraocular lenses with
different near addition. Jpn J Ophthalmol. 2019;63:429–436. https://doi.org/
10.1007/s10384-019-00693-4.

41. Vryghem JC, Heireman S. Visual performance after the implantation of a new
trifocal intraocular lens. Clin Ophthalmol. 2013;7:1957–1965. https://doi.org/
10.2147/opth.s44415.

42. Gatinel D, Pagnoulle C, Houbrechts Y, et al. Design and qualification of a diffractive
trifocal optical profile for intraocular lenses. J Cataract Refract Surg. 2011;37:
2060–2067. https://doi.org/10.1016/j.jcrs.2011.05.047.

43. Paik DW, Park JS, Yang CM, et al. Comparing the visual outcome, visual quality,
and satisfaction among three types of multi-focal intraocular lenses. Sci Rep. 2020;
10:14832. https://doi.org/10.1038/s41598-020-69318-y.

44. Poyales F, Garz�on N, Pizarro D, et al. Stability and visual outcomes yielded by three
intraocular trifocal lenses with same optical zone design but differing material or
toricity. Eur J Ophthalmol. 2019;29:417–425. https://doi.org/10.1177/
1120672118795065.

45. Cochener B, Boutillier G, Lamard M, et al. A comparative evaluation of a new
generation of diffractive trifocal and extended depth of focus intraocular lenses.
J Refract Surg. 2018;34:507–514. https://doi.org/10.3928/1081597X-20180530-
02.

46. Ferreira TB, Ribeiro FJ. Prospective comparison of clinical performance and
subjective outcomes between two diffractive trifocal intraocular lenses in bilateral
cataract surgery. J Refract Surg. 2019;35:418–425. https://doi.org/10.3928/
1081597X-20190528-02.

47. Haldipurkar SS, Shetty V, Shah D, et al. Comparison of post-cataract surgery visual
outcomes and quality of life in patients bilaterally implanted with multifocal
intraocular lenses. Ophthalmol Ther. 2021;10:101–113. https://doi.org/10.1007/
s40123-020-00321-2.

48. Pedrotti E, Carones F, Aiello F, et al. Comparative analysis of visual outcomes with
4 intraocular lenses: monofocal, multifocal, and extended range of vision. J Cataract
Refract Surg. 2018;44:156–167. https://doi.org/10.1016/j.jcrs.2017.11.011.

49. Mojzis P, Pi~nero DP, Ctvrteckova V, et al. Analysis of internal astigmatism and
higher order aberrations in eyes implanted with a new diffractive multifocal toric
intraocular lens. Graefes Arch Clin Exp Ophthalmol. 2013;251:341–348. https://
doi.org/10.1007/s00417-012-2061-1.

50. Maurino V, Allan BD, Rubin GS, et al. Quality of vision after bilateral multifocal
intraocular lens implantation: a randomized trial–AT LISA 809M versus AcrySof
ReSTOR SN6AD1. Ophthalmology. 2015;122:700–710. https://doi.org/10.1016/
j.ophtha.2014.10.002.

51. Alfonso JF, Fern�andez-Vega L, Se~naris A, et al. Prospective study of the Acri.LISA
bifocal intraocular lens. J Cataract Refract Surg. 2007;33:1930–1935. https://
doi.org/10.1016/j.jcrs.2007.06.067.

52. Ali�o JL, Plaza-Puche AB, Pi~nero DP, et al. Optical analysis, reading performance,
and quality-of-life evaluation after implantation of a diffractive multifocal
intraocular lens. J Cataract Refract Surg. 2011;37:27–37. https://doi.org/10.1016/
j.jcrs.2010.07.035.

53. Alfonso JF, Fern�andez-Vega L, Se~naris A, et al. Quality of vision with the Acri. Twin
asymmetric diffractive bifocal intraocular lens system. J Cataract Refract Surg. 2007;
33:197–202. https://doi.org/10.1016/j.jcrs.2006.09.033.

54. Bostanci Ceran B, Takmaz T, Can _I, Demirok G, et al. Clinical outcomes and optical
performance of four differentmultifocal intraocular lenses. Turk J Med Sci. 2016;46:
597–603. https://doi.org/10.3906/sag-1403-24.

55. Wang M, Corpuz CC, Fujiwara M, et al. Visual and optical performances of
multifocal intraocular lenses with three different near additions: 6-month follow-
up. Open Ophthalmol J. 2015;9:1–7. https://doi.org/10.2174/
1874364101509010001.

56. Dyrda A, Martínez-Palmer A, Martín-Moral D, et al. Clinical results of diffractive,
refractive, hybrid multifocal, and monofocal intraocular lenses. J Ophthalmol. 2018;
2018:1–12. https://doi.org/10.1155/2018/8285637.

57. Webers VSC, Bauer NJC, Saelens IEY, et al. Comparison of the intermediate distance
of a trifocal IOL with an extended depth-of-focus IOL: results of a prospective
randomized trial. J Cataract Refract Surg. 2020;46:193–203. https://doi.org/
10.1097/j.jcrs.0000000000000012.

58. Sudhir RR, Dey A, Bhattacharrya S, et al. AcrySof IQ PanOptix intraocular lens
versus extended depth of focus intraocular lens and trifocal intraocular lens: a
clinical overview. Asia Pac J Ophthalmol Phila. 2019;8:335–349. https://doi.org/
10.1097/apo.0000000000000253.

59. Kohnen T, Herzog M, Hemkeppler E, et al. Visual performance of a quadrifocal
(trifocal) intraocular lens following removal of the crystalline lens. Am J
Ophthalmol. 2017;184:52–62. https://doi.org/10.1016/j.ajo.2017.09.016.

60. Modi S, Lehmann R, Maxwell A, et al. Visual and patient-reported outcomes of a
diffractive trifocal intraocular lens compared with those of a monofocal intraocular
lens. Ophthalmology. 2021;128:197–207. https://doi.org/10.1016/
j.ophtha.2020.07.015.

61. Farvardin M, Johari M, Attarzade A, et al. Comparison between bilateral
implantation of a trifocal intraocular lens (Alcon Acrysof IQ® PanOptix) and
extended depth of focus lens (Tecnis® Symfony® ZXR00 lens). Int Ophthalmol.
2021;41:567–573. https://doi.org/10.1007/s10792-020-01608-w.

62. Kanclerz P, Toto F, Grzybowski A, et al. Extended depth-of-field intraocular lenses:
an update. Asia-Pac J Ophthalmol Phila Pa. 2020;9:194–202. https://doi.org/
10.1097/APO.0000000000000296.
9

63. Łabuz G, Son H-S, Naujokaitis T, et al. Laboratory investigation of preclinical
visual-quality metrics and halo-size in enhanced monofocal intraocular lenses.
Ophthalmol Ther. 2021;10:1093–1104. https://doi.org/10.1007/s40123-021-
00411-9.

64. Akella SS, Juthani VV. Extended depth of focus intraocular lenses for presbyopia.
Curr Opin Ophthalmol. 2018;29:318–322. https://doi.org/10.1097/
ICU.0000000000000490.

65. Gil MA, Var�on C, Cardona G, et al. Visual acuity and defocus curves with six
multifocal intraocular lenses. Int Ophthalmol. 2020;40:393–401. https://doi.org/
10.1007/s10792-019-01196-4.

66. Giers BC, Khoramnia R, Varadi D, et al. Functional results and photic phenomena
with new extended-depth-of-focus intraocular Lens. BMC Ophthalmol. 2019;19:197.
https://doi.org/10.1186/s12886-019-1201-3.

67. Cochener B, Concerto Study Group. Clinical outcomes of a new extended range of
vision intraocular lens: International Multicenter Concerto Study. J Cataract Refract
Surg. 2016;42:1268–1275. https://doi.org/10.1016/j.jcrs.2016.06.033.

68. Pilger D, Homburg D, Brockmann T, et al. Clinical outcome and higher order
aberrations after bilateral implantation of an extended depth of focus intraocular
lens. Eur J Ophthalmol. 2018;28:425–432. https://doi.org/10.1177/
1120672118766809.

69. Zapata-Díaz JF, Rodríguez-Izquierdo MA, Ould-Amer N, et al. Total depth of focus
of five premium multifocal intraocular lenses. J Refract Surg. 2020;36:578–584.
https://doi.org/10.3928/1081597x-20200720-01.

70. Savini G, Balducci N, Carbonara C, et al. Functional assessment of a new extended
depth-of-focus intraocular lens. Eye. 2019;33:404–410. https://doi.org/10.1038/
s41433-018-0221-1.

71. Romero LA, Mill�an MS, Jaroszewicz Z, et al. Double peacock eye optical element for
extended focal depth imaging with ophthalmic applications. J Biomed Opt. 2012;17,
046013. https://doi.org/10.1117/1.JBO.17.4.046013.

72. Torres-Sepúlveda W, Mira-Agudelo A, Barrera-Ramírez JF, et al. Optimization of
the light sword lens for presbyopia correction. Transl Vis Sci Technol. 2020;9:6.
https://doi.org/10.1167/tvst.9.3.6.

73. Petelczyc K, Byszewska A, Chojnacka E, et al. The Light Sword Lens - a novel
method of presbyopia compensation: pilot clinical study. PLoS One. 2019;14,
e0211823. https://doi.org/10.1371/journal.pone.0211823.

74. Liang YL, Jia SB. Clinical application of accommodating intraocular lens. Int J
Ophthalmol. 2018;11:1028–1037. https://doi.org/10.18240/ijo.2018.06.22.

75. Saiki M, Negishi K, Dogru M, et al. Biconvex posterior chamber accommodating
intraocular lens implantation after cataract surgery: long-term outcomes. J Cataract
Refract Surg. 2010;36:603–608. https://doi.org/10.1016/j.jcrs.2009.11.008.

76. Pepose JS, Burke J, Qazi MA. Benefits and barriers of accommodating intraocular
lenses. Curr Opin Ophthalmol. 2017;28:3–8. https://doi.org/10.1097/
icu.0000000000000323.

77. Marchini G, Mora P, Pedrotti E, et al. Functional assessment of two different
accommodative intraocular lenses compared with a monofocal intraocular lens.
Ophthalmology. 2007;114:2038–2043. https://doi.org/10.1016/
j.ophtha.2006.12.034.

78. Dick HB. Accommodative intraocular lenses: current status. Curr Opin Ophthalmol.
2005;16:8–26. https://doi.org/10.1097/00055735-200502000-00004.

79. Ali�o JL, Plaza-Puche AB, Montalban R, et al. Near visual outcomes with single-optic
and dual-optic accommodating intraocular lenses. J Cataract Refract Surg. 2012;38:
1568–1575. https://doi.org/10.1016/j.jcrs.2012.05.027.

80. Marques EF, Castanheira-Dinis A. Clinical performance of a new aspheric dual-optic
accommodating intraocular lens. Clin Ophthalmol. 2014;8:2289–2295. https://
doi.org/10.2147/opth.s72804.

81. Sadoughi MM, Einollahi B, Roshandel D, et al. Visual and refractive outcomes of
phacoemulsification with implantation of accommodating versus standard
monofocal intraocular lenses. J Ophthalmic Vis Res. 2015;10:370–374. https://
doi.org/10.4103/2008-322x.176896.

82. Ali�o JL, Ben-nun J, Rodríguez-Prats JL, et al. Visual and accommodative outcomes 1
year after implantation of an accommodating intraocular lens based on a new
concept. J Cataract Refract Surg. 2009;35:1671–1678. https://doi.org/10.1016/
j.jcrs.2009.04.043.

83. Li G, Mathine DL, Valley P, et al. Switchable electro-optic diffractive lens with high
efficiency for ophthalmic applications. Proc Natl Acad Sci U A. 2006;103:
6100–6104. https://doi.org/10.1073/pnas.0600850103.

84. Alio JL, Simonov A, Plaza-Puche AB, et al. Visual outcomes and accommodative
response of the Lumina accommodative intraocular lens. Am J Ophthalmol. 2016;
164:37–48. https://doi.org/10.1016/j.ajo.2016.01.006.

85. Kohl JC, Werner L, Ford JR, et al. Long-term uveal and capsular biocompatibility of
a new accommodating intraocular lens. J Cataract Refract Surg. 2014;40:
2113–2119. https://doi.org/10.1016/j.jcrs.2014.10.011.

86. Schrecker J, Langenbucher A. Visual performance in the long term with secondary
add-on versus primary capsular bag multifocal intraocular lenses. J Refract Surg.
2016;32:742–747. https://doi.org/10.3928/1081597x-20160630-02.

87. Palomino-Bautista C, Sanchez Jean R, Carmona Gonzalez D, et al. Spectacle
independence for pseudophakic patients – experience with a trifocal supplementary
add-on intraocular lens. Clin Ophthalmol. 2020;14:1043–1054. https://doi.org/
10.2147/OPTH.S238553.

88. Albayrak S, Comba €OB, Karakaya M. Visual performance and patient satisfaction
following the implantation of a novel trifocal supplementary intraocular lens. Eur J
Ophthalmol. 2020;31:2346–2352. https://doi.org/10.1177/1120672120969042.

89. Schrecker J, Blass S, Langenbucher A. Silicone-diffractive versus acrylic-refractive
supplementary iols: visual performance and manual handling. J Refract Surg. 2014;
30:41–48. https://doi.org/10.3928/1081597x-20131217-05.

https://doi.org/10.1016/j.ajo.2014.06.003
https://doi.org/10.1007/s10384-019-00693-4
https://doi.org/10.1007/s10384-019-00693-4
https://doi.org/10.2147/opth.s44415
https://doi.org/10.2147/opth.s44415
https://doi.org/10.1016/j.jcrs.2011.05.047
https://doi.org/10.1038/s41598-020-69318-y
https://doi.org/10.1177/1120672118795065
https://doi.org/10.1177/1120672118795065
https://doi.org/10.3928/1081597X-20180530-02
https://doi.org/10.3928/1081597X-20180530-02
https://doi.org/10.3928/1081597X-20190528-02
https://doi.org/10.3928/1081597X-20190528-02
https://doi.org/10.1007/s40123-020-00321-2
https://doi.org/10.1007/s40123-020-00321-2
https://doi.org/10.1016/j.jcrs.2017.11.011
https://doi.org/10.1007/s00417-012-2061-1
https://doi.org/10.1007/s00417-012-2061-1
https://doi.org/10.1016/j.ophtha.2014.10.002
https://doi.org/10.1016/j.ophtha.2014.10.002
https://doi.org/10.1016/j.jcrs.2007.06.067
https://doi.org/10.1016/j.jcrs.2007.06.067
https://doi.org/10.1016/j.jcrs.2010.07.035
https://doi.org/10.1016/j.jcrs.2010.07.035
https://doi.org/10.1016/j.jcrs.2006.09.033
https://doi.org/10.3906/sag-1403-24
https://doi.org/10.2174/1874364101509010001
https://doi.org/10.2174/1874364101509010001
https://doi.org/10.1155/2018/8285637
https://doi.org/10.1097/j.jcrs.0000000000000012
https://doi.org/10.1097/j.jcrs.0000000000000012
https://doi.org/10.1097/apo.0000000000000253
https://doi.org/10.1097/apo.0000000000000253
https://doi.org/10.1016/j.ajo.2017.09.016
https://doi.org/10.1016/j.ophtha.2020.07.015
https://doi.org/10.1016/j.ophtha.2020.07.015
https://doi.org/10.1007/s10792-020-01608-w
https://doi.org/10.1097/APO.0000000000000296
https://doi.org/10.1097/APO.0000000000000296
https://doi.org/10.1007/s40123-021-00411-9
https://doi.org/10.1007/s40123-021-00411-9
https://doi.org/10.1097/ICU.0000000000000490
https://doi.org/10.1097/ICU.0000000000000490
https://doi.org/10.1007/s10792-019-01196-4
https://doi.org/10.1007/s10792-019-01196-4
https://doi.org/10.1186/s12886-019-1201-3
https://doi.org/10.1016/j.jcrs.2016.06.033
https://doi.org/10.1177/1120672118766809
https://doi.org/10.1177/1120672118766809
https://doi.org/10.3928/1081597x-20200720-01
https://doi.org/10.1038/s41433-018-0221-1
https://doi.org/10.1038/s41433-018-0221-1
https://doi.org/10.1117/1.JBO.17.4.046013
https://doi.org/10.1167/tvst.9.3.6
https://doi.org/10.1371/journal.pone.0211823
https://doi.org/10.18240/ijo.2018.06.22
https://doi.org/10.1016/j.jcrs.2009.11.008
https://doi.org/10.1097/icu.0000000000000323
https://doi.org/10.1097/icu.0000000000000323
https://doi.org/10.1016/j.ophtha.2006.12.034
https://doi.org/10.1016/j.ophtha.2006.12.034
https://doi.org/10.1097/00055735-200502000-00004
https://doi.org/10.1016/j.jcrs.2012.05.027
https://doi.org/10.2147/opth.s72804
https://doi.org/10.2147/opth.s72804
https://doi.org/10.4103/2008-322x.176896
https://doi.org/10.4103/2008-322x.176896
https://doi.org/10.1016/j.jcrs.2009.04.043
https://doi.org/10.1016/j.jcrs.2009.04.043
https://doi.org/10.1073/pnas.0600850103
https://doi.org/10.1016/j.ajo.2016.01.006
https://doi.org/10.1016/j.jcrs.2014.10.011
https://doi.org/10.3928/1081597x-20160630-02
https://doi.org/10.2147/OPTH.S238553
https://doi.org/10.2147/OPTH.S238553
https://doi.org/10.1177/1120672120969042
https://doi.org/10.3928/1081597x-20131217-05


Y. Zhu et al. Advances in Ophthalmology Practice and Research 2 (2022) 100042
90. Chen X, Xu J, Chen X, et al. Cataract: advances in surgery and whether surgery
remains the only treatment in future. Adv Ophthalmol Pract Res. 2021;1:100008.
https://doi.org/10.1016/j.aopr.2021.100008.

91. Fern�andez-Vega L, Alfonso JF, Baamonde MB, et al. Symmetric bilateral
implantation of a distance-dominant diffractive bifocal intraocular lens. J Cataract
Refract Surg. 2007;33:1913–1917. https://doi.org/10.1016/j.jcrs.2007.06.044.

92. Olson RJ, Braga-Mele R, Chen SH, et al. Cataract in the adult eye preferred practice
pattern. Ophthalmology. 2017;124:1–119. https://doi.org/10.1016/
j.ophtha.2016.09.027.

93. Davidson RS, Dhaliwal D, Hamilton DR, et al. Surgical correction of presbyopia.
J Cataract Refract Surg. 2016;42:920–930. https://doi.org/10.1016/
j.jcrs.2016.05.003.

94. Woodward MA, Randleman JB, Stulting RD. Dissatisfaction after multifocal
intraocular lens implantation. J Cataract Refract Surg. 2009;35:992–997. https://
doi.org/10.1016/j.jcrs.2009.01.031.

95. Braga-Mele R, Chang D, Dewey S, et al. Multifocal intraocular lenses: relative
indications and contraindications for implantation. J Cataract Refract Surg. 2014;40:
313–322. https://doi.org/10.1016/j.jcrs.2013.12.011.
10
96. Hayashi K, Manabe S, Yoshida M, et al. Effect of astigmatism on visual acuity in
eyes with a diffractive multifocal intraocular lens. J Cataract Refract Surg. 2010;36:
1323–1329. https://doi.org/10.1016/j.jcrs.2010.02.016.

97. Liekfeld A, Ehmer A, Schr€oter U. Visual function and reading speed after bilateral
implantation of 2 types of diffractive multifocal intraocular lenses: add-on versus
capsular bag design. J Cataract Refract Surg. 2015;41:2107–2114. https://doi.org/
10.1016/j.jcrs.2015.10.055.

98. Verdonck T, Werner L, D SN, et al. Clinical and surgical outcome of a
supplementary multifocal intraocular lens implanted with a bag-in-the-lens
intraocular lens: 5-year follow-up. Ophthalmic Res. 2021;64:503–511. https://
doi.org/10.1159/000513790.

99. Bozukova D, Werner L, Mamalis N, et al. Double-C loop platform in combination
with hydrophobic and hydrophilic acrylic intraocular lens materials. J Cataract
Refract Surg. 2015;41:1490–1502. https://doi.org/10.1016/j.jcrs.2014.10.042.

100. Cez�on Prieto J, Bautista MJ. Visual outcomes after implantation of a refractive
multifocal intraocular lens with a þ3.00 D addition. J Cataract Refract Surg. 2010;
36:1508–1516. https://doi.org/10.1016/j.jcrs.2010.03.048.

https://doi.org/10.1016/j.aopr.2021.100008
https://doi.org/10.1016/j.jcrs.2007.06.044
https://doi.org/10.1016/j.ophtha.2016.09.027
https://doi.org/10.1016/j.ophtha.2016.09.027
https://doi.org/10.1016/j.jcrs.2016.05.003
https://doi.org/10.1016/j.jcrs.2016.05.003
https://doi.org/10.1016/j.jcrs.2009.01.031
https://doi.org/10.1016/j.jcrs.2009.01.031
https://doi.org/10.1016/j.jcrs.2013.12.011
https://doi.org/10.1016/j.jcrs.2010.02.016
https://doi.org/10.1016/j.jcrs.2015.10.055
https://doi.org/10.1016/j.jcrs.2015.10.055
https://doi.org/10.1159/000513790
https://doi.org/10.1159/000513790
https://doi.org/10.1016/j.jcrs.2014.10.042
https://doi.org/10.1016/j.jcrs.2010.03.048

	The effects of premium intraocular lenses on presbyopia treatments
	1. Background
	2. Intraocular lens (IOL) for presbyopia correction
	2.1. Monofocal IOLs (MIOLs)
	2.2. Multifocal IOLs
	2.2.1. Refractive Multifocal IOL (MfIOLs)
	2.2.1.1. Rotationally symmetric refractive MfIOLs
	2.2.1.2. Rotationally asymmetric refractive MfIOLs

	2.2.2. Diffractive MfIOLs
	2.2.2.1. Bifocal diffractive MfIOLs
	2.2.2.2. Trifocal diffractive MfIOLs

	2.2.3. Hybrid refractive-diffractive MfIOLs
	2.2.3.1. Bifocal refractive-diffractive MfIOLs
	2.2.3.2. Trifocal refractive-diffractive MfIOLs

	2.2.4. Extended depth of field (EDOF) MfIOLs
	2.2.5. Accommodating intraocular lens (AIOLs)
	2.2.5.1. Single-optic AIOLs
	2.2.5.2. Dual-optic AIOLs
	2.2.5.3. Other AIOLs

	2.2.6. Add-on MfIOLs


	3. Selection of MfIOLs
	3.1. Implantation strategies
	3.2. Precautions for selecting presbyopia patients
	3.3. The choice of MfIOLs
	3.3.1. MfIOLs diopter
	3.3.2. MfIOL implantation site
	3.3.3. MfIOLs’ optical design


	4. Conclusions
	Study Approval
	Author Contributions
	Acknowledgments
	Funding
	Conflict of Interest
	Authorship
	Abbreviations
	Appendix A. Supplementary data
	References


