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Comparative efficacy and safety of all kinds ===

of intraocular lenses in presbyopia-correcting
cataract surgery: a systematic review and meta-
analysis
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Abstract

Purpose To assess the efficacy and safety of various intraocular lenses (IOLs), including standard monofocal, bifocal,
trifocal, extended depth of focus (EDOF), and enhanced monofocal IOLs, post-cataract surgery through a network
meta-analysis.

Methods A systematic search of PubMed, Cochrane Library, and Web of Science was conducted to identify relevant
studies from the past 5 years. Parameters such as binocular visual acuities, spectacle independence, contrast sensitiv-
ity (CS), and optical quality were used to evaluate efficacy and safety. Data from the selected studies were analyzed
using Review Manager 5.4 and STATA 17.0 software.

Results Twenty-eight Randomized Controlled Trials (RCTs) comprising 2465 subjects were included. Trifocal IOLs
exhibited superior uncorrected near visual acuity (UNVA) compared to monofocal I0Ls (MD: -0.35; 95% Cl: -0.48, -0.22).
Both trifocal (AcrySof 1Q PanOptix IOLs group MD: -0.13; 95% Cl: -0.21, -0.06) and EDOF IOLs (MD: -0.13; 95% Cl:-0.17,
-0.09) showed better uncorrected intermediate visual acuity (UIVA) than monofocal IOLs. Trifocal IOLs ranked highest
in spectacle independence at various distances (AT LISAtri 839MP group: SUCRA 97.5% for distance, 80.7% for inter-
mediate; AcrySof IQ PanOptix group: SUCRA 83.0% for near).

Conclusions For cataract patients who want to treat presbyopia, trifocal IOLs demonstrated better visual acu-

ity and spectacle independence at near distances. Different types of trifocal IOL characteristics differ. EDOF

and enhanced monofocal IOLs have improved visual quality at intermediate distances.Therefore, It is very important
to select the appropriate IOLs based on the lens characteristics and patient needs.
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Introduction

Cataract, characterized by lens opacification, is a leading
global cause of blindness and vision impairment [1, 2].
Particularly prevalent in developing countries, it contrib-
utes to vision loss in 33% of visually impaired individuals
[3]. Approximately 100 million people with moderate-
to-severe distance vision impairment or blindness could
benefit from cataract surgery [4]. The current standard of
care for significant cataracts is phacoemulsification com-
bined with the intraocular lens implantation [5]. How-
ever, the increasing variety of lenses pose a significant
challenge to ophthalmologists and cataract patients in
the clinical choosing. Therefore, it is crucial to assess the
function of common IOLs in the clinic.

In the era of increased reliance on electronic devices
by middle-aged and elderly individuals, the demand for
high-quality vision at intermediate and near distances
has surged [6]. As a result, the utilization of high-qual-
ity IOLs to address pseudo presbyopia has emerged as
a significant subject in contemporary cataract surgery
practices [7]. Beyond standard monofocal IOLs, current
clinical practice often involves multifocal IOLs (bifocal
and trifocal), EDOF IOLs, and enhanced monofocal IOLs
[8-10]. While standard monofocal IOLs focus light at a
single predetermined distance, necessitating additional
refractive correction for varying distances [11]. In con-
trast, the mechanism of multifocal IOLs achieve a zoom-
ing effect through the use of rings with varying refractive
capabilities in different areas of the lens, they can offer
superior visual acuity at both near and intermediate dis-
tances, along with reduced reliance on corrective eye-
wear [12-15]. In the earlier stages, the first generation
of multifocal IOLs were bifocal, featuring only two opti-
cal zones and the subsequent emergence of trifocal IOLs
containing three optical zones [16, 17]. However, they
may compromise optical quality, leading to decreased
contrast sensitivity, glare, and halo [18, 19]. EDOF IOLs,
endorsed by the American Academy of Ophthalmology,
extend the focus area to cover intermediate distances,
providing excellent vision for both intermediate and dis-
tant ranges. They aim to mitigate the drawbacks of multi-
focal IOLs, minimizing glare and halos, while cautioning
against excessive aberrations that could impact retinal
image quality [20, 21]. Moreover, enhanced monofocal
IOLs improves intermediate distance vision by a con-
tinuous rise in power from the periphery to the center
[22]. Therefore it gave better intermediate visual acuity
and higher intermediate spectacle independence without
impairment of far vision and visual quality, compared to
the monofocal IOLs [23]. Although enhanced monofocal
IOLs and EDOF IOLs share similarities [24], there is cur-
rently a lack of comprehensive comparisons among trifo-
cal, enhanced monofocal, and EDOF IOLs.
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Existing studies often lack a thorough comparison of
commonly used high-quality IOLs. While one report
conducted a network analysis of multiple IOLs, it omitted
enhanced monofocal IOLs, limiting the comprehensive
assessment of visual quality at mid-distance compared
to our study [25]. Our network meta-analysis specifically
targets visual quality at intermediate and near distances,
providing a comprehensive analysis of various high-
quality IOLs. This approach aims to establish a reliable
foundation for preoperative patient selection, enhancing
postoperative quality of life and satisfaction. The findings
of this analysis are expected to encourage the broader
adoption of high-quality IOLs in cataract surgery.

Method

This meta-analysis was guided by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA), which was registered on Prospero with regis-
tration code CRD42023456455 [26].

Search strategy

We searched randomized clinical trials (RCTs) on
Cochrane Central Register of Controlled Trials (CEN-
TRAL), PubMed and Embase from 2018 to March 15,
2023. Keywords and Mesh words searched include “Multi-
focal Intraocular Lenses’, “Lens Implantation, Intraocular’,

“Cataract’, “Cataract Extraction’, “Phacoemulsification”.

Inclusion criteria

Articles meeting the following criteria will be included
in conducting the study: (1) Study subjects. Participants
underwent cataract surgery in both eyes and had the
same IOL implanted in both eyes, and all participants
were older than 40 years of age. (2) Intervention meas-
ures. Patients in the control group were implanted with
standard monofocal IOLs in both eyes. Patients in the
treatment group had other types of IOLs implanted in
both eyes, including: bifocal IOLs, trifocal IOLs (AT
LISAtri 839MP, FineVision POD F, AcrySof IQ PanO-
ptix and other new trifocal IOLs), EDOF IOLs, and
enhanced monofocal IOLs. (3) Outcome indicator. All
literature covered should report on one or more pri-
mary or secondary indicators. The primary outcome
indicator were visual acuity, spectacle independence
and optical quality. The secondary outcome indica-
tors were as follows: contrast sensitivity (CS) (under
photopic and mesopic conditions). (4) Study type. The
included studies were RCTs.

Exclusion criteria

Articles that met the following criteria were excluded: (1)
duplicated studies, conference abstracts, letters, review,
animal studies or research in vitro. (2) single-arm design
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studies. (3) cataract surgery in only one eye. (4) differ-
ent types of IOLs implanted in both eyes. (5) patients
had severe irregular astigmatism. (6) patients had ocular
pathology that could affect the visual function, history of
ocular trauma or prior ocular surgery and IOL centering,
intraoperative or postoperative complications and sys-
temic disease.

Data extraction and quality assessment

Among the included studies, two researchers (J.Y.L. and
Y.X.Z.) independently extracted the data. Any discrep-
ancies will be resolved by consensus and, if harmoniza-
tion is not possible, a third examiner will be consulted
for arbitration. We accessed the quality of the included
randomized controlled studies using Review Manager
5.4.1 according to the Cochrane risk-of-bias assessment
tool. The preoperative data collected included name of
the first author [27-54], publication year, sample size,
sex, age, follow-up time, interventions. Essential data for
the included studies have been extracted and presented
in the Table 1.

Primary and secondary outcomes

The primary outcomes included corrected and uncor-
rected binocular visual acuities (distant, intermediate
and near visual acuity), spectacle independence (distant,
intermediate and near spectacle independence). The sec-
ondary comprehensive endpoints included optical quality
(holas and glare) and contrast sensitivity (under photopic
and mesopic conditions). Primary outcomes are used to
evaluate validity and secondary outcomes are used to
evaluate safety.

Statistical analysis

The mean difference (MD) and its 95% confidence inter-
val (CI) were used to evaluate the effects of the outcomes
for continuous variables, and the odds ratio (OR) and its
95% confidence interval (CI) were used to evaluate the
effects of the outcomes for dichotomous variable. The
entire analysis was performed using the random effects
model. Conducting network meta-analyses within Stata
software (version 17.0), we executed data processing,
generated network evidence plots, performed an incon-
sistency test, ranked interventions using the Surface
Under the Cumulative Ranking (SUCRA), created for-
est plots, and analyzed funnel plots. Network evidence
plots visually depicted treatment comparisons for each
outcome, and the inconsistency test evaluated metric
coherence (with p<0.05 indicating significant inconsist-
ency). It’s crucial to emphasize that SUCRA is integral to
these analyses. SUCRA ranks intervention efficacy based
on cumulative probability, with higher values (closer to
1) signifying greater effectiveness. Serving as a valuable
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tool, SUCRA summarizes and interprets relative inter-
vention efficacy across diverse outcomes in network
meta-analyses. Forest plots aided in pairwise compari-
sons (a result of 0 denoting no significant difference), and
potential publication bias was explored through a funnel
plot.

Results

Characteristics of the included studies

Initially, a total of 2465 patients were retrieved from three
databases, by screening out duplicates and reading titles
and abstracts to screen out non-compliant literature, and
after careful reading and screening, eventually a total
of 28 RCTs reporting 2580 patients (5160 eyes) with 8
interventions [27-41, 55], the detailed literature screen-
ing process shown in Fig. 1. Patients are followed up for
no less than 1 month after surgery on both eyes, the 8
interventions implanted eight different types of IOLs in
both eyes. We classified IOLs into the following types:
monofocal, bifocal, trifocal, EDOF, enhanced monofocal
IOLs. Among these IOLs, trifocal IOLs have been more
studied and categorized, so they are categorized into four
categories, including AT LISAtri 839MP, FineVision POD
F, AcrySof IQ PanOptix and other new trifocal IOLs.
Table 1 shows the characteristics of all included studies.

Visual acuity

Uncorrected near visual acuity (UNVA)

The network of UNVA included 18 studies involving 4
closed loop with 6 types of IOLs (Fig. 2a). In the compari-
son of the area under the curve, four groups trifocal IOLs
ranked in the top four and other new trifocal IOLs group
had the largest SUCRA (89.1%) (Fig. 3a). The 6 types of
IOLs were significantly more effective than monofo-
cal IOLs, among which, the trifocal IOLs were the most
effective, and they inclued AT LISAtri 839MP (MD -0.25,
95% Cl -0.3, -0.16), FineVision POD F (MD -0.34, 95% Cl
-0.48, -0.19), AcrySof IQ PanOptix (MD -0.32, 95% Cl:
-0.42, -0.21) and other new trifocal IOLs (MD -0.35, 95%
Cl:-0.48, -0.22). Also, AcrySof IQ PanOptix(MD -0.12,
95% Cl:-0.22, -0.02) and other new trifocal IOLs(MD
-0.15, 95% Cl:-0.28, -0.02) have better UNVA than bifocal
IOLs (Fig. 4a).

For UIVA, there were 19 studies and four closed
loops in evidence network (Fig. 2b). AcrySof IQ PanO-
ptix IOLs had the largest SUCRA (78.4%), followed by
EDOF IOLs (SUCRA 75.8%), and the SUCRA (32.4%) of
enhanced monofocal IOLs were better than monofocal
IOLs and bifocal IOLs (Fig. 3b). This result demonstrates
the superiority of these two IOLs in vision at intermedi-
ate distances. For the pairwise meta-analysis, AT LISAtri
839MP IOLs (MD -0.11, 95% Cl -0.18, -0.04), FineVision
POD F IOLs (MD -0.12, 95% Cl -0.22, -0.04), AcrySof 1Q
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[ Identification of studies via databases and registers ]
'
s Records identified from: SRg(;c;l;jirs];moved before
T Pubmed (n = 943) Duplicate .records removed (n=
8 Embase (n = 1122) > W (
= ~ 888)
= Cochrane (n=415)
S
- Records excluded:
1. Clearly not relevant articles after title and
— l abstract review. (n = 834)
) 2. The reports are single-arm studies(n = 54)
3. meta-analysis and systematic evaluation. (n
Reftzrggsscreened ] =35)
(n= ) 4. Reviews, letter,meetings or case reports. (n
=330)
l 5. Animal experiments. (n= 6)
2 Reports sought for retrieval 1R i
£ P 5 .Reports not retrieved
S (n =349) (n=0)
g 2.reports are not RCTs(n = 253)
2 3.The patient had cataract surgery
l in only one eye(n = 24)
Reports assessed for eligibility _— Reports excluded:
(n=72) 1. The type of IOL does not meet
requirements. (n = 13)
2. Study indicators do not meet
inclusion criteria. (n =14 )
— 3. The studies were not published in
their entirety. (n =9)
4.Patients do not meet inclusion
requirements. (n =8)
Studies included in review
3 (n=28)
°
=
©

Fig. 1 Flow diagram of literature search

PanOptix IOLs (MD -0.13, 95% Cl -0.21, -0.06), other
new trifocal IOLs (MD -0.12, 95% Cl -0.22, -0.03) and
EDOF IOLs (MD -0.13, 95% ClI -0.17, -0.09) were more
significantly effective than monofocal IOLs according to
the results of the forest plot. AcrySof IQ PanOptix IOLs
and EDOF IOLs also showed the effectiveness when
compared with bifocal IOLs. The other IOL types did not
show significant differences (Fig. 4b).

Uncorrected distant visual acuity (UDVA)

There were 23 studies reported the UDVA, there were
the most studies on monofocal IOLs and EDOF IOLs
according to evidence network (Fig. 2c). In a comparison
of the SUCRA, the monofocal IOLs has the largest area
(SUCRA 95.1%), indicating that the monofocal IOLs pro-
vides a better UDVA for the patient, the results for the
SUCRA are presented in (Fig. 3c). For the pairwise meta-
analysis, monofocal IOLs group was more significantly
effective compared to FineVision POD F IOLs (MD 0.08,
95% C10.02—-0.13), AcrySof IQ PanOptix IOLs (MD 0.08,
95% Cl 0.05-0.12) and other new trifocal IOLs group

(MD 0.09, 95% Cl 0.04-0.14), which were all trifocal
IOLs. Besides, bifocal, EDOF, and the enhanced monofo-
cal IOLs were better than AcrySof IQ PanOptix IOLs and
other new trifocal IOLs (Fig. 4c).

Corrected visual acuity

The corrected visual acuities yielded a tendency similar
to that seen in the uncorrected outcomes. Distant and
near visual acuity formed two closed loops and inter-
mediate visual acuity formed three according to the evi-
dence network (Fig. 2d-f). The sorting results of SUCRA
for all four groups of trifocal IOLs were in the top four,
with AcrySof IQ PanOptix IOLs having the maximum
value both in corrected near (SUCRA 81.2%) visual acu-
ity (CNVA) and corrected intermediate (SUCRA 89.9%)
visual acuity (CIVA) (Fig. 3d, e). In pairwise comparison,
all multifocal IOLs were more effective than monofocal
IOLs in providing improved vision at intermediate and
near distances. Of these, AcrySof IQ PanOptix IOLs is
most effective when compared to monofocal IOLs at near
and intermediate distances (Fig. 4d, e). As for corrected
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Fig. 2 Network graph of primary indicators. Note: A: standard monofocal IOLs group, B: bifocal IOLs group, C: AT LISAtri 839MP I0Ls group, D:

FineVision POD F I0OLs group, E: AcrySof IQ PanOptix I0Ls group, F: other new trifocal IOLs group, G: EDOF I0Ls group, H: enhanced monofocal IOLs
group; (a): Network graph of UNVA, (b): Network graph of UIVA, (c): Network graph of UDVA, (d): Network graph of CNVA, (e): Network graph of CIVA,
(f): Network graph of CDVA, (g): Network graph of distant spectacle independence, (h): Network graph of intermediate spectacle independence, (i)

Network graph of near spectacle independence

distant visual acuity (CDVA) we found that enhanced
monofocal IOLs had the highest SUCRA (92.3%) by
ranking the effects of all interventions (Fig. 3f). And Fine-
Vision POD F, AcrySof IQ PanOptix and other new tri-
focal IOLs groups were more effective than other groups
(Fig. 4f).

Spectacle independence

There were 11 studies reported spectacle independ-
ence. We studied spectacle independence separately
for distant, intermediate and near distances. All three
indicators form three closed loops according to the

network evidence (Fig. 2g-i). Ranking the effects of all
interventions by SUCRA probability, we found that AT
LISAtri 839MP IOLs had the highest spectacle in dis-
tant (SUCRA 97.5%) and intermediate SUCRA (80.7%)
spectacle independence, AcrySof IQ PanOptix IOLs
(SUCRA 83.0%) was the top and AT LISAtri 839MP
IOLs (SUCRA 62.6%) was the second in near spectacle
independence (Fig. 3g-i). For the pairwise meta-analysis,
AT LISAtri 839MP IOLs significantly improved distant
spectacle independence compared to monofocal, bifocal,
FineVision POD F, AcrySof IQ PanOptix and EDOF IOLs
(Fig. 4g); Bifocal, AT LISAtri 839MP and EDOF IOLs
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Fig. 3 SUCRA of primary indicators. Note: A: standard monofocal I0OLs group, B: bifocal I0Ls group, C: AT LISAtri 839MP IOLs group, D: FineVision
POD F IOLs group, E: AcrySof IQ PanOptix IOLs group, F: other new trifocal IOLs group, G: EDOF I0Ls group, H: enhanced monofocal IOLs group; (a):
SUCRA of UNVA, (b): SUCRA of UIVA, (c): SUCRA of UDVA, (d): SUCRA of CNVA, (e): SUCRA of CIVA, (f): SUCRA of CDVA, (g): SUCRA of distant spectacle
independence, (h): SUCRA of intermediate spectacle independence, (i)\SUCRA of near spectacle independence

significantly improved spectacle independence at inter-
mediate distances compared to monofocal IOLs (Fig. 4h);
As for in near spectacle independence, when bifocal (OR
13.26, 95% Cl 6.20, 28.36), AT LISAtri 839MP (OR 31.6,
95% Cl 6.38, 154.09), AcrySof IQ PanOptix (OR 39.27,
95% Cl 8.93, 172.78) and EDOF IOLs (OR 5.84, 95% Cl
4.48, 7.62) were compared with monofocal IOLs, the
results were significantly valid (Fig. 41).

Contrast sensitivity (CS)

We reported the result of contrast sensitivity under both
photopic and mesopic conditions and collected data at
spatial frequencies of 3, 6, 12, and 18 cycles per degree
(cpd). Their network relationship is shown in Supple-
mentary Fig. 1 (a-h). Ranking the effectiveness of all IOLs
by SUCRA results, at the four spatial frequencies, the
SUCRA values for monofocal and enhanced monofocal
IOLs are consistently in the top, the values for bifocal and

AT LISAtri 839MP IOLs are consistently in the bottom
under both photopic and mesopic conditions, besides,
the contrast sensitivity of FineVision POD F IOLs group
gradually improves with increasing spatial frequency
(Supplementary Fig. 2a-h). Under photopic condition,
when a comparison is made between two IOLs, monofo-
cal and enhanced monofocal IOLs showed better CS than
bifocal IOLs and AT LISAtri 839MP IOLs at the four
spatial frequencies (Supplementary Fig. 3a-d). At spa-
tial frequencies of 12 cpd, FineVision POD F IOLs were
more effective than bifocal (MD 0.20, 95% ClI 0.02, 0.39)
and AT LISAtri 839MP IOLs (MD 0.21, 95% Cl 0.04,
0.38) (Supplementary Fig. 3c). At spatial frequencies of
18 cpd, FineVision POD F IOLs were more effective than
AT LISAtri 839MP IOLs (Supplementary Fig. 3d). Under
mesopic condition, monofocal and enhanced monofocal
IOLs more significantiy effective than bifocal, AT LISA-
tri 839MP, AcrySof IQ PanOptix, other new trifocal and
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Fig. 4 Forest plot of primary indicators. Note: A: standard monofocal IOLs group, B: bifocal IOLs group, C: AT LISAtri 839MP 10Ls group, D: FineVision
POD F IOLs group, E: AcrySof 1Q PanOptix IOLs group, F: other new trifocal IOLs group, G: extended depth-of-focus(EDOF) IOLs group, H: enhanced
monofocal I0Ls group; (a): Forest plot of UNVA, (b): Forest plot of UIVA, (c): Forest plot of UDVA, (d): Forest plot of CNVA, (e): Forest plot of CIVA, (f):
Forest plot of CDVA, (g): Forest plot of distant spectacle independence, (h): Forest plot of intermediate spectacle independence, (i): Forest plot

of near spectacle independence

EDOF IOLs at spatial frequencies of 3 cpd (Supplemen-
tary Fig. 3e) and 6 cpd (Supplementary Fig. 3f). CS of
some multifocal IOLs becomes progressively higher with
increasing spatial frequency (Supplementary Fig. 3g, h),
especialiy FineVision POD F IOLs were more effective
than other groups at spatial frequencies of 18 cpd (Sup-
plementary Fig. 3h).

Halos and glare

Halos and glare are two of the most common visual
impairments that patients experience after multifocal
IOL surgery. The network evidence showed a total of 7
closed loops for halos and 4 closed loops for glare (Sup-
plementary Fig. 1i, j). As for halos, monofocal (SUCRA
91.6%) and enhanced monofocal IOLs (SUCRA 86.0%)
are the best according to SUCRA, and the four groups
of trifocal IOLs are the worst (Supplementary Fig. 2i).
Bifocal (OR 4.02, 95% Cl 1.39, 11.58), AT LISAtri 839MP

(OR 8.31, 95% Cl 1.85, 37.22), AcrySof IQ PanOptix (OR
10.98, 95% Cl 1.31, 91.99) and EDOF IOLs (MD 4.94, 95%
Cl 2.17, 11.25) more likely to had halos than monofo-
cal IOLs in the pairwise meta-analysis (Supplementary
Fig. 3i). Besides, in the ordering of the areas under the
curve, other new trifocal IOLs (SUCRA 71.3%) and AT
LISAtri 839MP IOLs (SUCRA 68.9%) rank in the first
two in glare (Supplementary Fig. 2j). For the pairwise
meta-analysis, none of the results of the comparisons
between the various interventions were significantly dif-
ferent from each other (Supplementary Fig. 3t).

Publication bias and quality assessment

The funnel plot of this study revealed that most of the
scatter points were located on both sides of the vertical
line. They were basically symmetrical and may have had a
certain degree of publication bias. The funnel plot of the
effect on visual outcome after implantation of eight types
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of artificial lenses in both eyes is presented in Supple-
mentary Fig. 4 (a-i) and Supplementary Fig. 5 (a-j). Based
on risk of bias assessment, there were two randomized
clinical trials showed a low high of bias due to inadequate
sequence generation. Regarding allocation concealment,
one trial had a high risk and two trial did not mention.
Three trials were not blinded to participants and per-
sonnel, while two were not blinded to outcome assess-
ment. In all randomized clinical studies, the likelihood
of selective reporting bias and incomplete outcome data
was minimal. In all included trials, other biases mostly
unclear. Therefore, the overall quality of the incorporated
articles is high, respectively, Fig. 5 and Supplementary
Fig. 6 show the risk-of-bias summary and risk-of-bias
graph for selected studies. The results of the consist-
ency analysis across the study indicators can be seen in
Table 2, in performing the consistency test, we found that
UNVA and CNVA were less consistent, the other indica-
tors were more consistent, and there were no significant
differences between direct and indirect comparisons. The
League tables are shown as mean and 95% Cls to assess
whether there was a signifcant diference in the efcacy or
safety of each regimen (Supplementary Table 1).

Discussion

This study represents the first attempt to comprehen-
sively compare the efficacy and safety of different IOLs
for presbyopia-correcting cataract surgery using a net-
work meta-analysis based on a frequency-based frame-
work. The primary objective was to provide a credible
evidence-based medical foundation for choosing clinical
IOLs. The results of our network meta-analysis are prom-
ising. The evaluation focused on effectiveness, consid-
ering visual acuity and spectacle independence, as well
as safety, assessed based on optical quality. Multifocal
IOLs, particularly trifocal IOLs (AcrySof IQ PanOptix
TENTOO and FineVision POD FT IOLs), prove effec-
tive in addressing patients’ vision needs at intermediate
and near distances, enhancing presbyopia treatment and
spectacle independence. However, trifocal IOLs are asso-
ciated with a reduction in optical quality, manifesting as
decreased contrast sensitivity, halos, and glare. EDOF
IOLs demonstrate comparable effectiveness to trifocal
IOLs in improving postoperative intermediate visual acu-
ity. In terms of optical quality, EDOF IOLs exhibit higher
contrast sensitivity than trifocal IOLs at lower spatial
frequencies, with a lower likelihood of halos occurring.
Enhanced monofocal IOLs maintain the excellent dis-
tant visual acuity and quality of traditional monofocal
IOLs while enhancing UIVA and CIVA. However, indi-
rect comparisons suggest that enhanced monofocal IOLs
may not match the intermediate visual acuity of trifocal
and EDOF IOLs but are comparable to bifocal IOLs. In
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Table 2 Heterogeneity test form

Targets p

UDVA P=0.2737
UNVA P=0.0002
UIVA P=0.1106
CDVA P=0.6571
CNVA P=0.0263
CIVA P=0.8018
SE P=0.1863
3 cpd under photopic P=0.1685
6 cpd under photopic P=0.0561
12 cpd under photopic P=0.4358
18 cpd under photopic P=06118
3 cpd under mesopic P=0.6311
6 cpd under mesopic P=0.8765
12 cpd under mesopic P=0.2417
18 cpd under mesopic P=0.1199
Distant Spectacle Independence P=0.0541
Intermediate Spectacle Independence P=0.0618
Near Spectacle Independence P=0.9844
Halos P=0.9362
Glare P=0.9628

conclusion, our findings underscore the advantages and
potential of trifocal, EDOF, and enhanced monofocal
IOLs in enhancing visual acuity for presbyopia-correct-
ing cataract surgery.

Initially, we assessed the efficacy of different IOLs. For
binocular UNVA and CNVA, statistical differences were
observed when comparing multifocal and EDOF IOLs to
monofocal IOLs, with trifocal IOLs demonstrating the
best near visual acuity, consistent with previous research
[56]. A comparison between AT LISA tri 839MP and
EDOF IOLs in near vision revealed no significant differ-
ence, contrary to another study, possibly due to our inclu-
sion of four groups of trifocal IOLs with different designs
[36]. Trifocal IOLs ensure vision at three distances
through light distribution, with more light distribu-
tion resulting in better vision [57]. All four trifocal IOLs
groups had distinct light distributions at near distances,
with AT LISA tri 839MP IOLs, a conventional trifo-
cal IOLs, having only 30% light distribution at near dis-
tances [57]. The ranking of UNVA area under the curve
revealed the largest share for the other new trifocal IOLs.
In a comparison with Acrysof PanOptix, the new trifo-
cal IOLs displayed extensive vision, particularly at near
distances, and superior mesopic performance in cataract
surgery patients [58]. Regarding binocular UIVA and
CIVA, a Cochrane database evaluation from 2020 found
that trifocal IOLs implantation resulted in better UIVA at
one year, without a significant advantage for uncorrected
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near and distance vision [59]. A subsequent 2023 evalu-
ation, expanded in patient age range, confirmed these
findings [10]. Additionally, EDOF IOLs, with an achro-
matic diffractive surface provide a low add foci, extending
the range of vision from distance through intermediate, a
study with a three-month follow-up, found EDOF IOLs
to be a well-tolerated option for correcting far and inter-
mediate vision [60]. In our study, compared to most tri-
focal IOL groups, EDOF IOLs exhibited better UIVA,
but trifocal IOLs showed a more significant advantage
in CIVA. Enhanced monofocal IOLs, a recent introduc-
tion, demonstrated advantages in intermediate distance
vision. However, compared to EDOF IOLs, the latter
showed superior near vision outcomes with a higher
rate of spectacle independence [24]. Monofocal IOLs are
designed for clear vision at the retinal plane, providing
detailed and high-contrast vision for distant objects [61].
Our results also indicate that other IOL types were not as
effective as standard monofocal and enhanced monofocal
IOLs for binocular UDVA and CDVA.

Postoperative changes in refractive power often neces-
sitate customized fine-tuning to optimize spectacle inde-
pendence for patients [62]. In our literature review, there
was no mention of spectacle independence for enhanced
monofocal IOLs. Therefore, we compared seven types of
IOLs for this indicator, finding that other IOLs exhibited
superior spectacle independence compared to mono-
focal IOLs at both intermediate and near distances. At
intermediate distances, there was no significant differ-
ence between EDOF and trifocal IOLs. However, at near
distances, trifocal IOLs demonstrated more pronounced
spectacle independence. A clinical report by Schallhorn
on cataract patients indicated that EDOF IOLs achieved
83.6% spectacle independence for near vision and 95.4%
for distance vision [63]. Another study comparing pres-
byopia-correcting IOLs reported that 71-96% of patients
achieved spectacle independence, with the EDOF group
showing a lower percentage than the trifocal group [64].
In our spectacle independence ranking, AT LISAtri
839MP IOLs secured the top position at all three dis-
tances. AcrySof IQ PanOptix IOLs claimed the second
spot for intermediate and near spectacle independence,
while the EDOF IOLs group ranked third for spectacle
independence at intermediate distances. Rita Mencuc-
ci’s study on AT LISAtri 839MP IOLs reported that 33%
of trifocal IOL patients and 40% of EDOF IOL patients
needed reading glasses for some activities, aligning with
our findings [65].

While our current study suggests that trifocal IOLs
are the most effective, this conclusion may not be defini-
tive. Multifocal IOLs were designed to split light into
different focal points. However, the neuro-adaptive pro-
cess required to process these different images can be
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time-consuming and frustrating for patient [66]. There-
fore, we examined the safety of various IOLs in terms of
optical quality, focusing on CS, halos, and glare. In terms
of CS, significant decreases were observed in other IOL
groups compared to monofocal and enhanced monofocal
IOLs under both photopic and mesopic conditions, with
bifocal and AT LISAtri 839MP IOLs exhibiting the most
noticeable effects. The CS of both EDOF and FineVision
POD F IOLs increased with frequency, and EDOF IOLs
have better CS only at lower spatial frequencies, with no
significant difference at higher spatial frequencies, in line
with previous reports [67, 68]. This aligns with the find-
ings of an RCT related to a multifocal IOL reported by
Gil, MA in 2022 [69, 70]. Preethi Karuppiah’s report com-
paring trifocal and EDOF IOLs also indicated better CS
in EDOF IOLs [70]. Regarding halos, the monofocal and
enhanced monofocal IOLs group exhibited fewer halos,
with no statistically significant differences among other
high-quality IOL groups. For glare, no statistical differ-
ences were found when comparing all groups, potentially
due to the limited number of included studies. Multifocal
IOLs are reported to have more pronounced optical phe-
nomena such as halos and glare compared to monofocal
IOLs in most studies [71, 72]. A meta-analysis by Sumitra
in 2019 comparing multifocal IOLs and standard mono-
focal IOLs supported our study’s findings, indicating a
greater risk of adverse visual phenomena with multifo-
cal IOLs [56], A report by Leyla Asena found less optical
interference and visual impairment in patients after bilat-
eral implantation of EDOF IOLs than trifocal IOLs, and
we supporting this result [73].

Posterior Capsular Opacification (PCO) is a common
complication following cataract surgery and can impact
visual outcomes by causing distortion and loss of cor-
rected visual acuity. Clinically significant PCO requiring
Nd: YAG capsulotomy adversely affects visual acuity. In
Jorge’s study, during the 3, 6, and 12-month follow-ups,
the ReSTOR group had 6 patients (17.6%) requiring Nd:
YAG capsulotomy, and the bifocal AT LISA group had
3 patients (8.8%) at the 12-month follow-up only [27].
Another study by Bilbao-Calabuig suggested that AT
Lisa 839 IOLs takes longer for PCO development com-
pared to FineVision IOLs [74]. Decentration and tilt are
also common complications of cataract surgery. They
increase high-order aberrations and reduce visual quality.
Different IOLs have varied effects on visual quality due
to postoperative decentration and tilt. Aspheric and mul-
tifocal IOLs are more susceptible to decentration and tilt
compared to other types of IOLs [75]. Research indicates
that decentration and tilt have more pronounced effects
on refractive multifocal IOLs than diffractive multifocal
IOLs, and more pronounced effects on EDOF IOLs than
refractive and diffractive multifocal IOLs [76]. The above
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complications are also common complications after cata-
ract surgery, but due to the lack of data support, we did
not conduct in-depth research, but this also provides a
new direction for our future research.

Our study presents a comprehensive assessment of the
effectiveness of different IOLs, making it the largest net-
work meta-analysis of RCTs to date. The analysis covers
the safety and efficacy of the most common IOLs across
various healthcare institutions, offering valuable guid-
ance for patients in selecting the most suitable IOLs and
enhancing postoperative satisfaction. The study high-
lights the importance of analyzing individual preopera-
tive conditions and overall physical status when choosing
an IOL, taking into account financial considerations and
lifestyle needs. However, out network meta-analysis has
certain limitations. Firstly, the inclusion of 28 RCTs intro-
duces variability due to the lack of detailed methodologi-
cal information in some studies. Bias concerns related
to randomization were addressed through bias analyses,
and efforts were made to standardize study protocols.
Secondly, discrepancies in measurements, criteria, and
patient inclusion among different RCTs could contribute
to bias. Inconsistent definitions of proximal and interme-
diate measurements were identified as a primary reason
for bias in the assessment of uncorrected and corrected
near and intermediate visual acuity. Thirdly, the relatively
short follow-up times in the included RCTs and limited
studies on postoperative complications, such as capsule
fibrosis, YAG rates, and decentration, may affect the
completeness of the analysis. Although you attempted to
collect and analyze data on postoperative complications
and patient satisfaction through questionnaires, varia-
tions in questionnaire topics and evaluation criteria hin-
dered uniform categorization. Despite these limitations,
our study contributes valuable insights into the field of
cataract surgery and IOL selection, emphasizing the need
for further research and individualized analysis of patient
situations.

Conclusion

In conclusion, the results of the network meta-analy-
sis showed that various different IOLs were compared
with each other and it was found that for patients with
bilateral cataracts, binocular implantation of trifo-
cal IOLs(especially AcrySof IQ PanOptix TENTO00
and FineVision POD FT IOLs) can give higher specta-
cle independence and good vision at intermediate and
near distances, but need to overcome the decrease of
optical quality, and EDOF and enhanced monofocal
IOLs are also a good choices if there are more activi-
ties in daily life at intermediate distances. At the same
time, enhanced monofocal IOLs are a better option for
patients who are sensitive to decreased visual quality.
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However, more high-quality, large-sample, multicenter,
randomized, double-blind trials are needed to confirm
the reliability of the findings. The optimal treatment
regimen should be determined on an individual patient
basis, safety outcomes, and patient and caregiver
decisions.

Abbreviations

oL Intraocular lens

IOLs Intraocular lenses

RCTs Randomized Controlled Trials

EDOF Extended Depth Of Focus

MD Mean Difference

cl Confidence Interval

OR Odds Ratio

SUCRA  Surface under the cumulative ranking curve
UNVA Uncorrected near visual acuity

UIVA Uncorrected intermediate visual acuity
UDVA Uncorrected distant visual acuity
CNVA Corrected near visual acuity

CIVA Corrected intermediate visual acuity
CDVA Corrected distant visual acuity

(@) Contrast sensitivity

cpd Cycles per degree

PCO Posterior Capsular Opacification

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512886-024-03446-1.

[ Supplementary Material 1. }

Acknowledgements
Not applicable.

Authors’ contributions

JYL. and S.H.J. designed the study and supervised the overall project. BS.
and W.Z. participated in collecting data, Y.S.H. and CJ.L. did Laboratory
examinations and data curation; J.Y.L. and Y.X.Z. participated in data collect-
ing and analysis. J.Y.L and B.S. provided the statistical analysis and wrote the
manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in relevant
published articles.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Ophthalmology, Yantai Affiliated Hospital of Binzhou Medical
University, Binzhou Medical University, Jinbu Street, Muping area, Yantai, Shan-
dong Province 264000, China. 2Department of Ophthalmology, Shijiazhuang
People’s Hospital, Shi Jiazhuang 050200, China. *Department of General

Page 16 of 18

Medicine, Affiliated Anging First People’s Hospital of Anhui Medical University,
Anhui 246000, China.

Received: 13 October 2023 Accepted: 10 April 2024
Published online: 16 April 2024

References

1.

2.
3.

Lee CM, Afshari NA. The global state of cataract blindness. Curr Opin
Ophthalmol. 2017;28(1):98-103.

Thompson J, Lakhani N. Cataracts. Prim Care. 2015;42(3):409-23.
Hashemi H, Pakzad R, Yekta A, Aghamirsalim M, Pakbin M, Ramin S,
Khabazkhoob M. Global and regional prevalence of age-related cataract:
a comprehensive systematic review and meta-analysis. Eye (Lond).
2020;34(8):1357-70.

Keel S, Mller A, Block S, Bourne R, Burton MJ, Chatterji S, He M, Lan-
singh VC, Mathenge W, Mariotti S, et al. Keeping an eye on eye care:
monitoring progress towards effective coverage. Lancet Glob Health.
2021,9(10):21460-1464.

Crispim J, Chamon W. Lens: management of cataract surgery, cata-

ract prevention, and floppy iris syndrome. Handb Exp Pharmacol.
2017;242:163-78.

Cicinelli MV, Buchan JC, Nicholson M, Varadaraj V, Khanna RC. Cataracts.
Lancet. 2023;401(10374):377-89.

Ong LF, Oh A, Yi JK, Gu JS, Marvasti AH, Nguyen BB, Tran DB, Lee JK.
Refractive lens exchange - who is getting it, what are they getting, how
are they doing? Curr Opin Ophthalmol. 2023;34(4):280-9.

Salerno LC, Tiveron MC Jr, Ali¢ JL. Multifocal intraocular lenses: types,
outcomes, complications and how to solve them. Taiwan J Ophthalmol.
2017,7(4):179-84.

Ferndndez J, Rocha-de-Lossada C, Zamorano-Martin F, Rodriguez-Calvo-
de-Mora M, Rodriguez-Vallejo M. Positioning of enhanced monofocal
intraocular lenses between conventional monofocal and extended depth
of focus lenses: a scoping review. BMC Ophthalmol. 2023;23(1):101.
Zamora-de La Cruz D, Bartlett J, Gutierrez M, Ng SM. Trifocal intraocu-

lar lenses versus bifocal intraocular lenses after cataract extraction
among participants with presbyopia. Cochrane Database Syst Rev.
2023;1(1):Cd012648.

. CaoK, Friedman DS, Jin S, Yusufu M, Zhang J, Wang J, Hou S, Zhu G, Wang

B, Xiong Y, et al. Multifocal versus monofocal intraocular lenses for age-
related cataract patients: a system review and meta-analysis based on
randomized controlled trials. Surv Ophthalmol. 2019;64(5):647-58.
Schallhorn JM, Pantanelli SM, Lin CC, Al-Mohtaseb ZN, Steigleman WA
3rd, Santhiago MR, Olsen TW, Kim SJ, Waite AM, Rose-Nussbaumer JR.
Multifocal and accommodating intraocular lenses for the treatment

of presbyopia: a report by the American Academy of Ophthalmology.
Ophthalmology. 2021;128(10):1469-82.

Modi S, Lehmann R, Maxwell A, Solomon K, Cionni R, Thompson V, Horn J,
Caplan M, Fisher B, Hu JG, et al. Visual and patient-reported outcomes of
a diffractive trifocal intraocular lens compared with those of a monofocal
intraocular lens. Ophthalmology. 2021;128(2):197-207.

Liu J, Dong Y, Wang Y. Efficacy and safety of extended depth of focus
intraocular lenses in cataract surgery: a systematic review and meta-
analysis. BMC Ophthalmol. 2019;19(1):198.

Liu X, Xie L, Huang Y. Comparison of the visual performance after
implantation of bifocal and trifocal intraocular lenses having an identical
platform. J Refract Surg. 2018;34(4):273-80.

Gatinel D, Houbrechts Y. Comparison of bifocal and trifocal diffractive and
refractive intraocular lenses using an optical bench. J Cataract Refract
Surg. 2013;39(7):1093-9.

Kim JW, Eom Y, Yoon EG, Song JS, Jeong JW, Park SK, Kim HM. Increased
near vision spectacle dependence of patients with preoperative myopia
after mix-and-match implantation of trifocal EDOF and Trifocal IOLs. J
Refract Surg. 2021;37(11):746-53.

Mamalis N. Complications of multifocal intraocular lenses: what have we
learned? J Cataract Refract Surg. 2021;47(10):1256-7.

Hall CD, Barnes CS, Gutherie AH, Lynch MG. Visual function and mobility
after multifocal versus monofocal intraocular lens implantation. Clin Exp
Optom. 2022;105(1):70-6.


https://doi.org/10.1186/s12886-024-03446-1
https://doi.org/10.1186/s12886-024-03446-1

Li et al. BMC Ophthalmology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

(2024) 24:172

Savini G, Schiano-Lomoriello D, Balducci N, Barboni P. Visual performance
of a new extended depth-of-focus intraocular lens compared to a
distance-dominant diffractive multifocal intraocular Lens. J Refract Surg.
2018;34(4):228-35.

Kanclerz P, Toto F, Grzybowski A, Alio JL. Extended depth-of-field intraoc-
ular lenses: an update. Asia Pac J Ophthalmol (Phila). 2020;9(3):194-202.
Unsal U, Sabur H. Comparison of new monofocal innovative and standard
monofocal intraocular lens after phacoemulsification. Int Ophthalmol.
2021;41(1):273-82.

Mencucci R, Cennamo M, Venturi D, Vignapiano R, Favuzza E. Visual out-
come, optical quality, and patient satisfaction with a new monofocal IOL,
enhanced for intermediate vision: preliminary results. J Cataract Refract
Surg. 2020;46(3):378-87.

Sabur H, Unsal U. Visual outcomes of non-diffractive extended-depth-of-
focus and enhanced monofocal intraocular lenses: a case-control study.
Eur J Ophthalmol. 2023;33(1):262-8.

Cho JY, Won YK, Park J, Nam JH, Hong JY, Min S, Kim N, Chung TY, Lee EK,
Kwon SH, et al. Visual outcomes and optical quality of accommodative,
multifocal, extended depth-of-focus, and monofocal intraocular lenses in
presbyopia-correcting cataract surgery: a systematic review and bayesian
network Meta-analysis. JAMA Ophthalmol. 2022;140(11):1045-53.

Page MJ, Moher D, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. PRISMA 2020 explana-
tion and elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ. 2021;372:n160.

Alié JL, Kaymak H, Breyer D, Cochener B, Plaza-Puche AB. Quality of life
related variables measured for three multifocal diffractive intraocular
lenses: a prospective randomised clinical trial. Clin Exp Ophthalmol.
2018:46(4):380-8.

Cardona G, Vega F, Gil MA, Varon C, Buil JA, Milldn MS. Visual acuity

and image quality in 5 diffractive intraocular lenses. Eur J Ophthalmol.
2018;28(1):36-41.

Hogarty DT, Russell DJ, Ward BM, Dewhurst N, Burt P. Comparing visual
acuity, range of vision and spectacle independence in the extended
range of vision and monofocal intraocular lens. Clin Exp Ophthalmol.
2018;46(8):854-60.

Poyales F, Garzon N. Comparison of 3-month visual outcomes of a
spherical and a toric trifocal intraocular lens. J Cataract Refract Surg.
2019;45(2):135-45.

Lapid-Gortzak R, Bhatt U, Sanchez JG, Guarro M, Hida WT, Bala C, Nosé
RM, Rodriguez Alvira FJ, Martinez A. Multicenter visual outcomes com-
parison of 2 trifocal presbyopia-correcting I0OLs: 6-month postoperative
results. J Cataract Refract Surg. 2020;46(11):1534-42.

Law EM, Aggarwal RK, Buckhurst H, Kasaby HE, Marsden J, Shum G, Buck-
hurst PJ. Visual function and subjective perception of vision after bilateral
implantation of monofocal and multifocal IOLs: a randomized controlled
trial. J Cataract Refract Surg. 2020;46(7):1020-9.

Poyales F, Pérez R, Lopez-Brea |, Zhou Y, Rico L, Garzén N. Comparison of
visual performance and patient satisfaction outcomes with two trifocal
IOLs with similar optical design but different materials. Clin Ophthalmol.
2020;14:3237-47.

Ribeiro F, Ferreira TB. Comparison of clinical outcomes of 3 trifocal IOLs. J
Cataract Refract Surg. 2020;46(9):1247-52.

Ribeiro FJ, Ferreira TB. Comparison of visual and refractive outcomes of 2
trifocal intraocular lenses. J Cataract Refract Surg. 2020;46(5):694-9.
Webers VSC, Bauer NJC, Saelens IEY, Creten OJM, Berendschot T, van

den Biggelaar F, Nuijts R. 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(2):193-203.

Auffarth GU, Gerl M, Tsai L, Janakiraman DP, Jackson B, Alarcon A,

Dick HB. Clinical evaluation of a new monofocal IOL with enhanced
intermediate function in patients with cataract. J Cataract Refract Surg.
2021,47(2):184-91.

Messias A, Ferreira M, Mendonca GC, Queiroz W, Coelho RP, Gekeler K.
Influence of pupillary dynamics on the defocus curve of eyes implanted
with diffractive multifocal lenses: a randomized study. Arq Bras Oftalmol.
2021,84(3):214-9.

Novécek LV, Némcova M, Tyx K, Lahodova K, Rejmont L, Rozsival P,
Studeny P. Comparison of clinical outcomes, visual quality and visual
function of two Presbyopia-correcting intraocular lenses made from

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 17 of 18

the same material, but with different design and Optics. J Clin Med.
2021;10(15):3268.

Reinhard T, Maier P, Bohringer D, Bertelmann E, Brockmann T, Kiraly

L, Salom D, Piovella M, Colonval S, Mendicute J. Comparison of two
extended depth of focus intraocular lenses with a monofocal lens:

a multi-centre randomised trial. Graefes Arch Clin Exp Ophthalmol.
2021,259(2):431-42.

Tran DB, Owyang A, Hwang J, Potvin R. Visual acuity, quality of Vision,
and patient-reported outcomes after bilateral implantation with a
trifocal or extended depth of focus intraocular lens. Clin Ophthalmol.
2021;15:403-12.

Turhan SA, Sevik MO, Toker E. Comparison of reading performance

with low add bifocal and extended depth of focus intraocular lenses
implanted with mini-monovision. Int Ophthalmol. 2021;41(1):315-23.
Vargas V, Alio JL, Oliveira RF, Renna A, Yebana P. Long-term objective and
subjective outcomes following bilateral implantation of diffractive bifocal
or trifocal intraocular lenses. Eur J Ophthalmol. 2021;31(3):1014-20.

Bala C, Poyales F, Guarro M, Mesa RR, Mearza A, Varma DK, Jasti S, Lemp-
Hull J. Multicountry clinical outcomes of a new nondiffractive presbyo-
pia-correcting IOL. J Cataract Refract Surg. 2022;48(2):136-43.

Chang DH, Janakiraman DP, Smith PJ, Buteyn A, Domingo J, Jones JJ,
Christie WC. Visual outcomes and safety of an extended depth-of-focus
intraocular lens: results of a pivotal clinical trial. J Cataract Refract Surg.
2022;48(3):288-97.

Ferreira TB, Ribeiro FJ, Silva D, Matos AC, Gaspar S, Almeida S. Comparison
of refractive and visual outcomes of 3 presbyopia-correcting intraocular
lenses. J Cataract Refract Surg. 2022;48(3):280-7.

Garzén N, Poyales F, Albarran-Diego C, Rico-Del-Viejo L, Pérez-Sanz L,
Garcia-Montero M. Visual and optical quality of enhanced intermediate
monofocal versus standard monofocal intraocular lens. Graefes Arch Clin
Exp Ophthalmol. 2022;260(11):3617-25.

Gil M, Varén C, Cardona G, Buil JA. Far and Near Contrast Sensitivity and
Quality of Vision with Six Presbyopia Correcting Intraocular Lenses. J Clin
Med. 2022;11(14).

Guarro M, Sararols L, Londofo GJ, Gohi |, Vazquez M, Ruiz S, Lépez
S.Visual disturbances produced after the implantation of 3 EDOF
intraocular lenses vs 1 monofocal intraocular lens. J Cataract Refract Surg.
2022;48(12):1354-9.

McCabe C, Berdahl J, Reiser H, Newsom TH, Cibik L, Koch D, Lemp-Hull

J, Jasti S. Clinical outcomes in a U.S. registration study of a new EDOF
intraocular lens with a nondiffractive design. J Cataract Refract Surg.
2022;48(11):1297-304.

Nanavaty MA, Ashena Z, Gallagher S, Borkum S, Frattaroli P, Barbon
E.Visual Acuity, Wavefront Aberrations, and Defocus Curves With an
Enhanced Monofocal and a Monofocal Intraocular Lens: A Prospective,
Randomized Study. J Refract Surg. 2022;38(1):10-20.

Pantanelli SM, O'Rourke T, Bolognia O, Scruggs K, Longenecker A, Lehman
E.Vision and patient-reported outcomes with nondiffractive EDOF or
neutral aspheric monofocal intraocular lenses. J Cataract Refract Surg.
2023;49(4):360-6.

Sevik MO, Akkaya Turhan S, Toker E. Clinical outcomes with a low add
multifocal and an extended depth of focus intraocular lenses both
implanted with mini-monovision. Eye (Lond). 2022;36(6):1168-77.

Asena L, Kirci Dogan |, Oto S, Dursun Altinors D. Comparison of visual
performance and quality of life with a new nondiffractive EDOF intraocu-
lar lens and a trifocal intraocular lens. Journal of Cataract and Refractive
Surgery. 2023;49(5):504-11.

Li'S, Jie Y. Cataract surgery and lens implantation. Curr Opin Ophthalmol.
2019;30(1):39-43.

Khandelwal SS, Jun JJ, Mak S, Booth MS, Shekelle PG. Effectiveness of
multifocal and monofocal intraocular lenses for cataract surgery and lens
replacement: a systematic review and meta-analysis. Graefes Arch Clin
Exp Ophthalmol. 2019;257(5):863-75.

Sudhir RR, Dey A, Bhattacharrya S, Bahulayan A. 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(4):335-49.

Dick HB, Ang RE, Corbett D, Hoffmann P, Tetz M, Villarrubia A, Palomino C,
Castillo-Gomez A, Tsai L, Thomas EK, et al. Comparison of 3-month visual
outcomes of a new multifocal intraocular lens vs a trifocal intraocular
lens. J Cataract Refract Surg. 2022;48(11):1270-6.



Li et al. BMC Ophthalmology ~ (2024) 24:172

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

Zamora-de La Cruz D, Zufiga-Posselt K, Bartlett J, Gutierrez M, Abariga
SA. Trifocal intraocular lenses versus bifocal intraocular lenses after cata-
ract extraction among participants with presbyopia. Cochrane Database
Syst Rev. 2020;6(6):Cd012648.

Arrigo A, Gambaro G, Fasce F, Aragona E, Figini |, Bandello F. Extended
depth-of-focus (EDOF) AcrySof® 1Q Vivity® intraocular lens implant: a real-
life experience. Graefes Arch Clin Exp Ophthalmol. 2021;259(9):2717-22.
Rampat R, Gatinel D. Multifocal and extended depth-of-focus intraocular
lenses in 2020. Ophthalmology. 2021;128(11):e164-185.

Dick HB, Gerste RD. Future intraocular Lens technologies. Ophthalmology.
2021;128(11):€206-213.

Schallhorn SC, Teenan D, Venter JA, Hannan SJ, Schallhorn JM. Initial clini-
cal outcomes of a new extended depth of focus intraocular lens. J Refract
Surg. 2019;35(7):426-33.

Bohm M, Petermann K, Hemkeppler E, Kohnen T. Defocus curves of 4
presbyopia-correcting IOL designs: Diffractive panfocal, diffractive trifocal,
segmental refractive, and extended-depth-of-focus. J Cataract Refract
Surg. 2019;45(11):1625-36.

Mencucci R, Favuzza E, Caporossi O, Savastano A, Rizzo S. Comparative
analysis of visual outcomes, reading skills, contrast sensitivity, and patient
satisfaction with two models of trifocal diffractive intraocular lenses

and an extended range of vision intraocular lens. Graefes Arch Clin Exp
Ophthalmol. 2018;256(10):1913-22.

Sieburth R, Chen M. Intraocular lens correction of presbyopia. Taiwan J
Ophthalmol. 2019,9(1):4-17.

Gundersen KG, Potvin R. Comparing visual acuity, low contrast acuity and
contrast sensitivity after trifocal toric and extended depth of focus toric
intraocular lens implantation. Clin Ophthalmol. 2020;14:1071-8.

Guo Y, Wang Y, Hao R, Jiang X, Liu Z, Li X. Comparison of patient out-
comes following implantation of trifocal and extended depth of focus
intraocular lenses: a systematic review and meta-analysis. J Ophthalmol.
2021;2021:1115076.

Gil M, Varén C, Cardona G, Buil JA. Far and near contrast sensitivity and
quality of vision with six presbyopia correcting intraocular lenses. J Clin
Med. 2022;11(14):4150.

Karuppiah P, Varman NVA, Varman A, Balakumar D. Comparison of clinical
outcomes of trifocal intraocular lens (AT LISA, Eyecryl SERT trifocal) versus
extended depth of focus intraocular lens (Eyhance, Eyecryl SERT EDOF).
Indian J Ophthalmol. 2022;70(8):2867-71.

Ferreira TB, Ribeiro FJ, Silva D, Matos AC, Gaspar S, Aimeida S. Comparison
of refractive and visual outcomes of 3 presbyopia-correcting intraocular
lenses. J Cataract Refract Surg. 2022;48(3):280-7.

Pershin KB, Pashinova NF, Tsygankov AY, Antonov EA, Konovalova MM.
Outcomes of bilateral implantation of trifocal and extended depth of
focus IOLs. Vestn Oftalmol. 2022;138(5):30--8.

Karam M, Alkhowaiter N, Alkhabbaz A, Aldubaikhi A, Alsaif A, Shareef E,
Alazaz R, Alotaibi A, Koaik M, Jabbour S. Extended depth of focus versus
trifocal for intraocular lens implantation: an updated systematic review
and Meta-analysis. Am J Ophthalmol. 2023;251:52-70.

Bilbao-Calabuig R, Llovet-Osuna F, Gonzalez-Lopez F, Beltran J. Nd:YAG
capsulotomy rates with two trifocal intraocular lenses. J Refract Surg.
2016;32(11):748-52.

He W, Qiu X, Zhang S, Du'Y, Zhang Y, LuY, Zhu X. Comparison of long-
term decentration and tilt in two types of multifocal intraocular lenses
with OPD-Scan lll aberrometer. Eye (Lond). 2018;32(7):1237-43.

Xu J, Zheng T, Lu Y. Effect of decentration on the optical quality of mono-
focal, extended depth of focus, and bifocal intraocular lenses. J Refract
Surg. 2019;35(8):484-92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 18 of 18



	Comparative efficacy and safety of all kinds of intraocular lenses in presbyopia-correcting cataract surgery: a systematic review and meta-analysis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Method
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction and quality assessment
	Primary and secondary outcomes
	Statistical analysis

	Results
	Characteristics of the included studies
	Visual acuity
	Uncorrected near visual acuity (UNVA)
	Uncorrected distant visual acuity (UDVA)
	Corrected visual acuity

	Spectacle independence
	Contrast sensitivity (CS)
	Halos and glare
	Publication bias and quality assessment

	Discussion
	Conclusion
	Acknowledgements
	References


