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Abstract

Introduction. Premium intraocular lenses (IOLs) enable presbyopia correction during
cataract surgery. Multifocal IOLs create discrete foci, while extended depth of focus (EDOF)
lenses provide a continuous range through aberration modification. Direct comparison is
needed to guide clinical choices regarding effectiveness, safety, and visual phenomena (halos,
glare).

Aim. To systematically compare visual functions, quality of vision, and safety of
multifocal versus EDOF IOLs in age-related cataract.

Materials and methods. A systematic search was conducted in PubMed/MEDLINE and
Google Scholar (January 2020 — April 2025). Inclusion criteria: adults with age-related cataract
undergoing bilateral phacoemulsification with implantation of a premium IOL (multifocal,
trifocal, EDOF, or hybrid), with direct comparison against another premium or monofocal IOL
type and reporting quantitative postoperative visual outcomes. Studies without direct
comparative data or with unilateral implantation were excluded. Methodological quality was
assessed using the Jadad scale (RCTs) and the Newcastle—Ottawa Scale (observational studies).
Fourteen primary comparative studies met inclusion criteria. Pooled meta-analysis was applied
to extractable comparable outcomes using a random-effects model; remaining outcomes were
narratively synthesized.

Results. EDOF and hybrid EDOF-multifocal IOLs showed advantages for intermediate
visual acuity and broader functional range. Trifocal IOLs remained superior for near vision and
spectacle independence. Distance vision was comparable across types. Photic phenomena
frequency varied by design, but definitions were inconsistent.

Conclusion. Each type of premium IOL possesses a unique efficacy profile. The choice
between multifocal and EDOF lenses should be based on an individual analysis of the patient’s
visual needs: a priority for near vision favors trifocal IOLs, while an emphasis on intermediate
vision and visual quality in mesopic conditions favors EDOF IOLs.

Key words: cataract, multifocal IOLs, EDOF IOLs, trifocal IOLs, dysphotopsia.

Introduction. The evolution of cataract surgery from the simple restoration of optical
media transparency to achieving refractive precision and presbyopia correction became
possible due to the development of premium intraocular lenses (IOLs). Over the past two
decades, patient expectations from cataract surgery have expanded considerably: individuals
increasingly seek spectacle independence across a full range of distances, driving widespread
adoption of presbyopia-correcting IOL technologies [1-3]. Historically, multifocal IOLs,
creating several discrete foci through diffractive or refractive optics, were the first widely
adopted solution for presbyopia correction during cataract surgery [4—6]. These lenses
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demonstrated clear advantages in near-vision performance and spectacle independence;
however, their diffractive design was associated with an increased frequency of photic
phenomena, including halos and glare, as well as reduced contrast sensitivity under mesopic
conditions [1,2]. Subsequently, extended depth of focus (EDOF) lenses appeared, forming a
continuous range of vision through wavefront modification, aberration engineering, or non-
diffractive optical principles, offering a potentially more favorable visual-comfort profile [7—
10]. More recently, hybrid EDOF-multifocal designs and enhanced monofocal lenses have
further expanded the premium IOL landscape, challenging clinicians to navigate an
increasingly complex decision-making environment. The growing diversity of available
technologies has heightened the clinical need for direct comparative evidence to define clear
indications for each IOL category, particularly for the multifocal versus EDOF comparison
[3,11]. The relevance of a targeted comparative analysis is driven by the ongoing clinical debate
regarding comparative effectiveness, safety — especially visual phenomena (halos, glare) — and
subjective patient satisfaction across different lifestyles and visual demands [11-15]. The aim
of this systematic review was to compare visual functions, quality of vision, and safety of
premium intraocular lenses — including multifocal (trifocal), extended depth of focus (EDOF),
and hybrid EDOF-multifocal designs — in patients with age-related cataract, with emphasis on
the multifocal versus EDOF comparison.

Materials and methods.

Ethical issues

This study is a systematic review based exclusively on data from previously published
studies. Therefore, approval by an institutional ethics committee and informed consent from
participants were not required.

Study selection criteria

Inclusion criteria were defined according to the PICO concept. Patients (P): adults with
age-related cataracts who underwent bilateral phacoemulsification with IOL implantation.
Intervention (I): implantation of presbyopia-correcting IOLs (multifocal, trifocal, EDOF,
hybrid). Comparison (C): implantation of a monofocal IOL (standard or “enhanced”) or direct
comparisons between different types of premium IOLs. Outcomes (O): Primary: uncorrected
(UCNVA) and corrected (DCNVA) near visual acuity, uncorrected intermediate (UIVA) and
distance (UDVA) visual acuity, spectacle independence. Secondary: contrast sensitivity,
frequency and severity of visual phenomena (halos, glare), depth of focus (defocus curves),
patient satisfaction. Studies with unilateral implantation, without direct comparison of the IOL
types of interest, and publications not providing quantitative data on key outcomes were
excluded.

Information sources and search strategy

The search was conducted in PubMed/MEDLINE and Google Scholar for the period from
January 2020 to April 2025. The last search was performed in April 2025. PubMed/MEDLINE
was selected as the primary biomedical database because it provides indexed peer-reviewed
ophthalmology and cataract-surgery literature. Google Scholar was used as a supplementary
source for forward/backward citation tracking, manual checking of reference lists, and
identification of potentially relevant records not indexed in PubMed. The PubMed/MEDLINE
search string was: (("multifocal intraocular lens" OR "trifocal intraocular lens" OR
"presbyopia-correcting intraocular lens") AND ("extended depth of focus" OR EDOF OR
"enhanced monofocal") AND (cataract OR "cataract surgery") AND ("visual outcomes" OR
"visual acuity" OR dysphotopsia OR halos OR glare OR "spectacle independence")). In Google
Scholar, the first 300 records sorted by relevance were screened using the same key concepts.
Embase, Scopus, and Web of Science were not searched; this was acknowledged as a limitation
of the review.
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Study selection and data collection process

The selection process was conducted in two stages and checked by the authors. First, titles
and abstracts were screened for relevance to the PICO question. Second, full texts were assessed
against the inclusion and exclusion criteria. Duplicates were removed by comparing DOI, title,
authors, year, and journal. Reasons for full-text exclusion were recorded. Data on authors, year
of publication, study design, participant characteristics, types of compared IOLs, follow-up
duration, outcomes, and quantitative data suitable for pooling were extracted into a standardized
data table. Secondary reviews, protocols without results, and studies not providing direct
comparative postoperative outcomes were not counted as primary included studies.

Assessment of methodological quality (risk of bias) in included studies

The quality of randomized controlled trials was assessed using the Jadad scale
(randomization, blinding, and accounting for withdrawn patients are assessed). For
observational studies (prospective cohorts and fellow-eye comparisons), the Newcastle—Ottawa
Scale was used, assessing group selection, group comparability, and outcome assessment. The
study-level assessment is presented in the Results section.

Synthesis of results

Data synthesis was performed in two complementary stages. First, all eligible primary
comparative studies were summarized in a structured qualitative synthesis grouped by clinically
relevant outcomes: distance, intermediate and near visual acuity, depth of focus, contrast
sensitivity, dysphotopsias, spectacle independence, and patient satisfaction. Second, outcomes
reported in a sufficiently homogeneous and extractable format across at least two studies were
pooled quantitatively. Continuous outcomes were pooled as mean differences (MD) in logMAR
with 95% confidence intervals (CI). Dichotomous outcomes were pooled as risk ratios (RR)
with 95% CI. Because clinical heterogeneity was expected across IOL models and study
designs, a random-effects model was applied. Statistical heterogeneity was assessed using I2.
Leave-one-out sensitivity analysis was planned when at least three studies were available for
an outcome; otherwise, the limited number of studies was explicitly stated.

Results.

Study selection

The initial search yielded 340 records (PubMed/MEDLINE: 40; Google Scholar
supplementary search: first 300 records sorted by relevance). After removal of 24 duplicates,
316 records were screened by title and abstract. Of these, 285 records were excluded as
irrelevant by topic, study type, or outcome. Thirty-one reports were sought for retrieval; 4 full
texts could not be obtained. Twenty-seven full-text articles were assessed for eligibility, and 13
were excluded for the following reasons: no direct relevant comparison, secondary review or
meta-analysis, study protocol without results, visual-training/neuroadaptation design without a
relevant IOL comparison, unilateral implantation, or insufficient extractable comparative data.
Fourteen primary comparative clinical reports were included in the systematic synthesis. Four
studies provided sufficiently comparable extractable data for the limited quantitative meta-
analysis. The selection process is detailed in the PRISMA flowchart (Figure 1).
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Figure 1. PRISMA flow diagram.

Study characteristics

The 14 included primary comparative reports were published between 2021 and 2025 and
included randomized controlled trials, prospective randomized masked studies, prospective
comparative non-randomized studies, and one fellow-eye comparison study. Reports without
original comparative postoperative outcomes, including another systematic review, a study
protocol, and a visual-training/neuroadaptation trial, were not counted as primary included
studies in the synthesis. The main compared IOL models included trifocal 1OLs, hybrid
multifocal EDOF lenses, nondiffractive and refractive EDOF lenses, and enhanced or standard
monofocal IOLs. Detailed characteristics of the included primary studies are presented in Table
1.
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Table 1. Characteristics of included studies.
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was higher for the monofocal IOL.
Spectacle  independence  was
superior with EDOFs. No safety
issues identified.

Ne ?;t:lor, (Sst;l dy design Participants (P) | Intervention (I) ((é))mparlson (R(’[)a;m outcomes Key results Authors’ conclusions
1. Dick et al., | Prospective 150 patients | ZFROOV  (hybrid | TFNTO00 Visual acuity | ZFROOV showed better near visual | ZFROOV provides a wider
2022 [11] comparative (bilateral) multifocal EDOF) | (trifocal) (distance, acuity (33 cm) and mesopic vision | depth of focus and better
intermediate, near), | (p<0.05). Broader defocus curve. | near vision, especially in
defocus curve, | Photic phenomena were | low-light conditions.
photic phenomena, | comparable.
safety.
2. Kim et al., | Randomized, 75 patients (25 | Gr.1: bilateral | Gr.3: enhanced | Visual acuity, | Gr.1 and 2 were superior at | Bilateral hybrid multifocal
2025 [16] three-group per group) hybrid multifocal. | monofocal defocus curves, | intermediate distance compared to | IOLs provide better near
Gr.2: EDOF | (dom.) + | contrast sensitivity | Gr.3 (p=0.030). Gr.1 had better | vision but more photic
(dom.) + hybrid. hybrid. (CS), reading speed, | reading speed but more photic | phenomena. Combinations
questionnaires. phenomena. allow for
individualization.
3. Ivellio- Prospective 28 patients (14 | ARTIS AT LARA | Visual acuity, | No difference in visual acuity | Both IOLs provide good
Vellin et al., | comparative per group) SYMBIOSE (low-addition defocus curves, CS, | (p>0.05). ARTIS SYMBIOSE was | vision. ARTIS
2024 [17] (binary multifocal) halos, reading | better in CS under certain | SYMBIOSE has an
complementary speed. conditions (p<0.05). advantage in  contrast
EDOF) sensitivity.
4. Ozturkmen et | Prospective 50 patients | ZFROOV  (hybrid | TENT00 Visual acuity, | ZFROOV was better at | ZFROOV provides better
al., 2022 [12] | comparative (bilateral) EDOF-multifocal) | (trifocal) defocus curve, VF- | intermediate distance (p=0.02) and | intermediate vision with
14 (quality of | in the defocus range of —1.00 to | similar quality of life.
vision). —-1.50 D. VEF-14 scores were
comparable.
5. Reinhard et | Multicenter 211 patients Two types of | Monofocal IOL | Depth of focus | Monocular depth of focus was | Both EDOF IOLs (AT
al., 2021 [18] | randomized EDOF IOLs: AT | ASPHINA (CT | (mono-/binocular), | better for AT LARA vs Symfony | LARA and Symfony)
clinical  trial LARA 829MP | ASPHINA VA (distance, | (p=0.024-0.006). Binocular depth | provide significantly
(RCT) and TECNIS | 409MP) intermediate, near), | of focus for both EDOFs was | greater depth of focus and
Symfony CS, spectacle | better than monofocal (p<0.0001, | better  intermediate/near
(ZXR00) independence, p=0.002). Distance VA was equal; | vision compared  to
safety. intermediate and near VA were | monofocal IOLs, while
better for EDOFs (p<0.0001). CS | maintaining excellent

distance vision and a safe
profile.
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— fewer halos.

Ne ;?;t:lor, (Sst;l dy design Participants (P) | Intervention (I) (CCo)mparlson (h(’[)a;m outcomes Key results Authors’ conclusions
6. Sevik et al., | Prospective 29 patients (with | ZXR00 (EDOF | ZKB00 (low- | Visual acuity, CS, | EDOF was better at intermediate | EDOF with mini-
2022 [13] randomized mini-monovision) | Symfony) addition spectacle need, | and near distances (p=0.046), had | monovision provides
multifocal) photic phenomena, | a better defocus curve (—0.50 to | better uncorrected visual
quality of life (NEI | —1.75 D), and better mesopic CS. | acuity at intermediate and
RQL-42). near distances.
7. Black et al., | Prospective Subgroup  with | ZENOOV ICB00 Visual acuity, error | ZENOOV maintains high distance | Refractive EDOF IOL
2024 [19] randomized refractive  error | (refractive EDOF | (enhanced tolerance, quality and a  monofocal | demonstrates high
>0.25D PureSee) monofocal symptoms, dysphotopsia profile even with | tolerance to refractive
Eyhance) satisfaction. refractive error. eITOrS.
8. Danzinger et | Prospective, 25 patients (50 | Isopure FineVision Visual acuity, | Triumf was better for near | Triumf is better for near.
al., 2024 [15] | fellow-eye eyes) (monofocal Triumf (trifocal | defocus curves, | (p<0.001). Isopure was similar at | Isopure provides similar
comparison EDOF) in | EDOF) in non- | aberrations, distance and intermediate. Both | distance and intermediate
dominant eye dominant eye subjective had low photic phenomena. vision with low photic
outcomes. phenomena.
9. Corbett et al., | Prospective 117 patients | ZENOOV (EDOF | ICB00 Visual acuity, depth | ZENOOV was better at | EDOF IOL extends the
2024 [20] randomized (bilateral) PureSee) (enhanced of focus, CS, visual | intermediate (p=0.0127) and near | range of vision, improving
masked monofocal symptoms. (p=0.0137) distances. Distance, | intermediate and near
Eyhance) CS, and symptoms were | vision without
comparable. compromising distance or
CS.
10. | Wanten et | Prospective 31 patients (with | Acunex Vario | AcrySof  1Q | Visual acuity, | No significant differences in | Both EDOF IOLs with
al., 2025 [21] | RCT mini-monovision) | (EDOF) Vivity (EDOF) | defocus curves, | visual acuity (p>0.05). Vario had a | mini-monovision provide
reading speed, CS, | larger defocus range. Quality of | clinically comparable
spectacle vision parameters were | visual results.
independence. comparable.
11. | Zeilinger et | RCT, double- | 40 patients (with | DET015 (Vivity, | RAO200E Visual acuity, CS, | Binocularly — no difference. | Both IOLs under mini-
al., 2025 [22] | masked mini-monovision) | non-diffractive (RayOne EMV, | defocus curves, | Monocularly, DEFT015 was better | monovision conditions
EDOF) enhanced halos, at intermediate and near in the | provide similar binocular
monofocal) questionnaire. dominant eye (p<0.05). RAO200E | vision at all distances.
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Ne ;};t:or, (Sst;l dy design Participants (P) Intervention (I) (CCo)mparlson ?(’[)a;m outcomes Key results Authors’ conclusions
12. | Chang et al., | Prospective 299 patients | ZXR00 (EDOF | ZCB00 Visual acuity, | Symfony was comparable at | Symfony improves
2022 [10] randomized (bilateral) Symfony) (monofocal) spectacle wear, | distance, better at intermediate and | intermediate and near
masked visual symptoms. near (p<0.0001). Less spectacle | vision and reduces
wear (85% vs 59.9%). Low | spectacle dependence with
incidence of dysphotopsia. low dysphotopsia rates.
13. | Pantanelli et | RCT, double- | 51 patients | AcrySof  Vivity | enVista Visual acuity, | Vivity was better at intermediate | Vivity provides better
al., 2023 [6] | masked (bilateral) (non-diffractive (monofocal) spectacle (p<0.001) and near (p=0.004) | vision at intermediate and
EDOF) independence, distances (by ~2 lines). More | near distances and greater
photic phenomena. | spectacle independence. Photic | spectacle independence.
phenomena were low and
comparable.
14. | Han et al., | Prospective 100 patients | Tecnis  ZMBO0O | Aspheric Visual acuity, visual | Multifocal: better visual acuity, | Multifocal IOL improves
2025 [23] randomized (bilateral) (multifocal) monofocal quality, spectacle | quality of life, and spectacle | quality of life and
independence, independence (p<0.05). However, | independence but has more
quality of life, | lower CS and more photic | optical side effects.
complications. phenomena (halos/glare).

Note: The study protocol [24], secondary systematic reviews/meta-analyses, and visual-training/neuroadaptation trial [25] were excluded from the primary synthesis and were
retained only as contextual references where appropriate. Abbreviations: VA — visual acuity (distance, intermediate, near); CS — contrast sensitivity; dom. — dominant (eye);
UDVA — uncorrected distance visual acuity; UIVA — uncorrected intermediate visual acuity; UNVA — uncorrected near visual acuity; RCT — randomized controlled trial; IOL
— intraocular lens; EDOF — extended depth of focus; D — diopter; F/U — follow-up; bino — binocular.
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Risk of bias assessment in the included studies

The risk of bias was assessed separately for each included primary comparative study
using a design-appropriate tool. Randomized trials were assessed using the Jadad scale, whereas
prospective comparative and fellow-eye studies were assessed using the Newcastle—Ottawa
Scale. Most randomized studies were of moderate to good quality, mainly limited by incomplete
masking or small sample size. Observational and fellow-eye studies generally demonstrated
acceptable selection and outcome assessment, but residual confounding related to non-
randomized allocation remained possible. The individual assessment is presented in Table 2.

Table 2. Study-level risk-of-bias assessment.

Study Design / tool Score (.)v?ral.l judgement  and - main
limitation

Dick et al., 2022 | Prospective comparative | 7/9 Good; non-randomized design may

[11] / NOS leave residual confounding.

Kim et al., 2025 | Randomized three- | 3/5 Moderate; masking and attrition

[16] group / Jadad reporting not fully detailed.

Ivellio-Vellin et | Prospective comparative | 6/9 Moderate; small groups and possible

al., 2024 [17] / NOS baseline-comparability limitations.

Ozturkmen et | Prospective comparative | 6/9 Moderate; direct comparison, but

al., 2022 [12] / NOS allocation was not randomized.

Reinhard et al., | Multicenter RCT / Jadad | 4/5 Good; complete masking not always

2021 [18] feasible in IOL trials.

Sevik et al., | Prospective randomized | 3/5 Moderate; small sample and limited

2022 [13] / Jadad masking information.

Black et al., | Prospective randomized | 3/5 Moderate; subgroup focus and

2024 [19] / Jadad limited masking detail.

Danzinger et al., | Prospective fellow-eye / | 7/9 Good; within-patient comparison

2024 [15] NOS reduces confounding, but allocation
may remain non-random.

Corbett et al., | Prospective randomized | 4/5 Good; masked randomized design

2024 [20] masked / Jadad with  relevant  patient-reported
outcomes.

Wanten et al., | Prospective RCT / Jadad | 4/5 Good; randomized design, but small

2025 [21] sample limits precision.

Zeilinger et al., | Double-masked RCT /| 4/5 Good; mini-monovision setting may

2025 [22] Jadad limit generalizability.

Chang et al., | Prospective randomized | 4/5 Good; pivotal device trial context

2022 [10] masked / Jadad considered in interpretation.

Pantanelli et al., | Double-masked RCT /| 4/5 Good; symptom/outcome definitions

2023 [6] Jadad differ from other trials.

Han et al., 2025 | Prospective randomized | 3/5 Moderate; allocation/masking details

[23] / Jadad were limited in the report.

Near visual acuity

A structured synthesis confirmed that trifocal IOLs usually provide strong near-vision
performance because of a dedicated near focal point. However, quantitative pooling was
restricted to extractable and comparable 40-cm near-acuity data. In this limited subset, the
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pooled MD was —0.054 logMAR (95% CI: —0.084 to —0.024; 1>=0%)), favoring EDOF/hybrid
EDOF arms for the specific 40-cm endpoint. This result was not generalized to all near-vision
distances because some studies reported near acuity at 33 cm or used different measurement
protocols.

Intermediate vision

Intermediate visual acuity was the outcome most consistently favoring EDOF and hybrid
EDOF designs. Extractable data from three studies were pooled using a random-effects model
and showed a small but statistically significant advantage for EDOF/hybrid EDOF arms (MD
—0.024 logMAR; 95% CI: —0.041 to —0.008; 1>=0%). This supports the clinical interpretation
that EDOF optics are particularly useful for intermediate-distance tasks, including computer
and digital-device use.

Distance vision

All included studies confirmed that both multifocal and EDOF IOLs provide distance
visual acuity (UDVA) comparable to that of high-quality monofocal lenses. Binocular UDVA
often reached 1.0 (decimal) or better. For example, in the study by Choi et al. (2020) [8], 98%
of patients implanted with Symfony achieved visual acuity of 0.8 or better.

Depth of focus and defocus curves

Analysis of defocus curves revealed a key conceptual difference. EDOF IOLs provide a
smoother and more extended functional range. Dick et al. (2022) [11] showed that the hybrid
EDOF ZFROOV had a 0.4 D wider range for achieving 20/32 visual acuity compared with the
trifocal TFNTO00. Reinhard et al. (2021) [18] likewise reported that both monocular and
binocular depth of focus with EDOF IOLs (AT LARA, Symfony) was significantly greater than
with monofocal lenses.

Contrast sensitivity

Results for this outcome were heterogeneous, but the overall trend favored EDOF and
nondiffractive IOLs, particularly under mesopic conditions and in the presence of glare. Ivellio-
Vellin et al. (2024) [17] found that the EDOF IOL ARTIS SYMBIOSE outperformed the low-
add multifocal AT LARA in contrast sensitivity at 1.5 and 3 cpd under mesopic conditions with
glare (p=0.002 and p=0.006, respectively). Similarly, Reinhard et al. (2021) [18] reported that
contrast sensitivity at high spatial frequencies remained higher in the monofocal IOL group
compared with EDOF IOLs; however, EDOF lenses performed better than traditional
multifocal designs.

Visual phenomena (dysphotopsias)

A limited quantitative synthesis was possible for bothersome or moderate-to-severe halos.
The pooled RR was 1.83 (95% CI: 0.64 to 5.23; 1°=0%), indicating no statistically significant
difference in this limited extractable subset. However, interpretation was cautious because
symptom definitions, grading thresholds, and questionnaires differed between studies. Overall,
nondiffractive EDOF designs tended to show a more favorable dysphotopsia profile, whereas
diffractive multifocal designs were more frequently associated with halos or glare in individual
studies.

Spectacle independence and patient satisfaction

Spectacle independence was reported in several studies but was not pooled because
definitions differed substantially across reports, including complete independence, distance-
specific independence, or questionnaire-based estimates. Therefore, this outcome was
synthesized narratively. Trifocal IOLs generally provided strong near-spectacle independence,
while EDOF IOLs demonstrated high functional independence for distance and intermediate
activities with fewer visual-quality complaints in selected studies.
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Heterogeneity and sensitivity analysis

Statistical heterogeneity was low in the limited pooled analyses (1>=0% for intermediate
VA, near VA at 40 cm, and bothersome/moderate-to-severe halos), but this should be
interpreted cautiously because the number of studies was small. Leave-one-out sensitivity
analysis was not performed for outcomes with fewer than three studies; for the intermediate-
vision analysis, inspection of individual study estimates did not show directional inconsistency.
The limited scope of quantitative pooling is acknowledged as a methodological limitation.
Quantitative findings for intermediate visual acuity, near visual acuity at 40 cm, and bothersome
halos are presented in Table 3, with forest plots shown in Figure 2.

e-ISSN 2524 -

Table 3. Quantitative synthesis of extractable outcomes.

0692

Effect Po?led Heterogeneity /| Clinical
Outcome measure estimate sensitivity interpretation
(95% CI)
Intermediate visual | MD, —0.024 I’=0%; 3 studies; | Small but statistically
acuity logMAR | (—0.041 to | random-effects significant advantage
—0.008) model favoring EDOF/hybrid
EDOF arms
Near visual acuity | MD, —0.054 I’=0%; 2 studies; | Extractable 40-cm
at 40 cm logMAR | (—0.084 to | random-effects subset favored
—0.024) model EDOF/hybrid  arms;
not generalized to all
near endpoints
Bothersome /| RR 1.83 (0.64 | I’=0%; 2 studies; | No statistically
moderate-to-severe to 5.23) random-effects significant difference;
halos model symptom  definitions
varied across studies
Spectacle Not Not Different Reported narratively
independence pooled pooled questionnaires and | because  definitions
distance-specific were not sufficiently
thresholds comparable
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Figure 2. Forest plot summary for outcomes included in the limited extraction-based meta-
analysis.

Discussion. This systematic review, based on 14 primary comparative clinical reports,
provides a clinically focused synthesis of the efficacy and safety profiles of contemporary
premium intraocular lenses (IOLs). Trifocal IOLs remain highly effective for near vision and
spectacle independence, while EDOF and hybrid EDOF-multifocal IOLs provide a broader
functional range, particularly for intermediate-distance tasks, with a generally favorable visual-
comfort profile. Therefore, the review offers practical evidence for individualized IOL selection
rather than a single universal ranking of lens types.

The performance of trifocal IOLs for near vision is well established. In the included
studies, trifocal designs consistently provided strong uncorrected near visual acuity at 33—40
cm and higher rates of spectacle independence compared with EDOF and enhanced monofocal
lenses [11,12,15]. This advantage is attributed to the dedicated near focal point inherent to
diffractive trifocal optics. However, trifocal IOLs were more frequently associated with photic
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phenomena, particularly halos and glare, which may affect patient satisfaction, especially in
low-light environments [14,15]. Neuroadaptation over time can partially mitigate these
complaints, but the extent and timeline of adaptation remain incompletely characterized in the
available literature [25-27]. In contrast, EDOF IOLs, including hybrid designs, offer a different
conceptual approach. Their main strength lies in providing a continuous and smooth range of
vision, which results in superior performance at intermediate distances (60—80 cm), a zone that
is critically important for modern digital activities [6,12,18,21]. This advantage is
complemented by a broader functional depth of focus [11,18] and, in general, a more favorable
profile of visual artifacts and contrast sensitivity [17,28], contributing to better subjective
adaptation and higher satisfaction in everyday life. The comparison between multifocal and
EDOF IOLs is further complicated by the heterogeneity of lens designs within each category.

Non-diffractive EDOF lenses (such as the AcrySof Vivity) demonstrated a dysphotopsia
profile comparable to monofocal IOLs [13,20], while diffractive EDOF designs showed
intermediate rates of photic phenomena between trifocal and monofocal lenses. Similarly,
hybrid EDOF-multifocal lenses represent an attempt to combine the continuous depth of focus
of EDOF optics with improved near-vision performance [11,12]. These design differences
make it impossible to draw uniform conclusions for each category as a whole, underscoring the
need for individualized lens selection. The concept of mini-monovision — targeting a mild
myopic refraction in the non-dominant eye — was applied in several included studies and
emerged as a clinically effective strategy to extend functional vision with either EDOF or
enhanced monofocal IOLs [13,21,22]. This approach may reduce the need for a dedicated near
focal point while maintaining a favorable visual-quality profile, representing an important
option for patients who prioritize minimal photic phenomena. From the perspective of patient-
reported outcomes, both trifocal and EDOF 1OLs generally achieved high levels of satisfaction.
However, the domains driving satisfaction differed. Trifocal IOL patients reported greater
reading ability and spectacle freedom, while EDOF IOL patients reported fewer bothersome
visual symptoms and more consistent intermediate-distance performance [11,19,20]. These
complementary profiles reinforce the view that multifocal and EDOF lenses serve different
patient needs rather than competing for the same clinical niche. Compared with existing
systematic reviews and meta-analyses on this topic [1-3], the present review specifically
focused on primary comparative clinical reports published from 2020 to 2025, thereby
capturing the most recent generation of premium IOL designs. The inclusion of hybrid and non-
diffractive EDOF lenses, which were not represented in earlier reviews, is a notable strength of
this synthesis.

Study limitations

Interpretation of the results is limited by the methodological heterogeneity of the included
studies, differences in follow-up duration, and the lack of standardized instruments for
assessing dysphotopsias and patient satisfaction. Most studies had relatively short follow-up
periods (3—6 months), which may not adequately capture long-term neuroadaptation,
particularly with respect to visual phenomena. In addition, nearly all studies included patients
with low preoperative astigmatism and without significant retinal pathology, limiting the
generalizability of the findings to the broader cataract population. The search was limited to
PubMed/MEDLINE and Google Scholar, Embase, Scopus, and Web of Science were not
searched. Google Scholar was used as a supplementary source, which improves citation
tracking but is less reproducible than indexed bibliographic databases. Finally, quantitative
pooling was restricted to outcomes with extractable and comparable data, so several clinically
relevant outcomes were synthesized narratively.

Conclusion. Based on a systematic analysis of 14 primary comparative clinical reports
with limited extraction-based meta-analysis for selected outcomes, multifocal (trifocal) and
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EDOF intraocular lenses should be regarded as complementary rather than competing
technologies. Trifocal IOLs provide strong near-vision performance and spectacle
independence, whereas EDOF and hybrid EDOF-multifocal IOLs demonstrate advantages in
intermediate vision and functional range with a generally favorable visual-comfort profile.
Optimal outcomes require personalized IOL selection based on the patient’s visual demands,

lifestyle factors, and tolerance for potential optical trade-offs.
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Tyiiinaeme

Kipicne. [Ipemuym unTpaokynsapis! aunzanap (MOJI) kaTapakTa Xupypruschbl Ke3iHjae
npecOMONnusiHBl Ty3eTyre MyMKiHAiK Oepeni. MymnbTudokansasl MOJI GipHemie auckperTi
dokycTap xacaiipl, an keHelTuired ¢okyc Teperiri (EDOF) nun3zanapsr abeppanusiiapsl
MoauduKausIay apKbUIbl Y3IKCI3 KOpy [IWala3oHblH KaMTaMachl3 eTeli. THiMJILIIK,
Kayincizmik skoHe QorodeHomenaep (rano, >KapKpl1) OOWBIHINIA KIWHUKAIBIK TaHAYbI
OarpITTay YUIIH TIKEJIEW CalbICTBIPY KaXKeT.

Makcatsl. Erne xac katapakracbigaa MynbTugokanssl skoHe EDOF MOJI-np1H kepy
(GYHKIUSIApBIH, KOPY carachl MEH KaylICI3/IrH KyHel Typae CalbICThIpY.

Marepuannap wmen auicrep. PubMed/MEDLINE xone Google Scholar
JIepeKKOpIapbIHa Kyheni 13aey xxyprizuna (kagrap 2020 — coyip 2025). Kocy kputepuitnepi:
*acka OalJIaHBICTBI KaTapakTackl 0ap epecek HayKacTap, €Ki jKaKTbl (aKkodMyJIbCHpHUKAINS
MmeH npemuangsl MOJI ummnanranusaceiHad oTkeH; 6acka MOJI Typimen Tikenel caibICThIpy
00JTyBI J)KOHE CaHJBIK Olepalusaal KeHinri HoTwxkenep 0omysl THic. Tikenel cambiCThIpMabl
JEpeKTepl KOK HeMece Oip MaKThl UMIUIAHTAIMS KacallFaH 3epTTeyJiep ajbIHbIN TacTajabl.
Kanan mkanacel (PK3) sxone Helokacn—OtraBa mikanacs! (0akpliay 3eprreysepi) OoHbIHIIA
METOJIOJIOTUSIIBIK cana Oaranmanapl. OH TepT OacTamkbl CalbICTBIPMANIBI 3€pTTEY KOCY
KpUTepHiinepine coiikec keni. CanplcTIpMalibl HOTHXKeNepre ke3aencok addexrrep Moenin
KOJIJIaHa OTBIPBIN MeTa-Tallfjay KYPri3uiil; KaJFaH1apbl HAppaTUBTI TYp/le )KUHAKTAI L.
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Horuxenep. EDOF xone rubpunri mynsrudoxansasi-EDOF MOJI apansik kepy
OTKIPJITT MeH KeH (DYHKIIMOHAIIBIK TUAaIa30H/1a apThIKIIBUIBIKTAP KOpceTTi. TpudoKaIbIbl
NOJI >)xakbIHHAH KoY KoHE KO3UIAipiKci3Aik O0ibIHIIA Y3/iK O0AbI. AJNBICTaH KOpy OTKIpJIiri
OapibIK  THOTEpPJE calbICThipMaibl  00abl.  DoTodeHoOMEHACPIIH O KHUTI au3aliHFa
OaiiaHbICTHI ©3repi, OipaK aHbIKTamMaap OipKenKi emMec eni.

Kopobithinabl. [Ipemuym MOJI-npiH opOip Typi THIMAUTIKTIH Oipereit mpodwuiine ue.
Mynetudokansael  xkoHe EDOF nmH3amap apachlHIarsl TaHIay MANUCHTTIH Kepy
KOKETTUTIKTEPIH JKEKe TaJJlayFa HEeT13/eiyl THIC: )KaKbIHHAH KOpPY OaChIMIBIFbI TPU(OKAIIbIbI
NOJI-ra Konaiibl, aj apajiblK Kepy MEH ME30IHUSIIBIK JKar/1aliJaFbl Kepy caracblHa Oaca Hazap
aynapy EDOF MOJI-ra kosaibl.

Tyiiinai ce3nep: xarapaxta, mynbrudoxansast MOJI, EDOF MOJI, tpudoxansast MOJI,
nuchoTroncusi.

CPABHUTEJIBHBIE 3PUTEJIBHBIE UCXO/bl, KAYECTBO 3PEHUA
N BE3OITACHOCTBH MYJbTU®OKAJIBHBIX UHTPAOKYJISAPHbBIX JINH3
U UHTPAOKYJISIPHBIX JIMH3 C PACIIUPEHHOM I''TYBMHON ®OKYCA IIPH
BO3PACTHOU KATAPAKTE: CACTEMATHYECKHWH OB30P

M.JI. PAXUMOBA'"2, H.A. AJIJJJAILIEBA!, J.LH. OPA3BEKOB!', 3.T. YTEJILBAEBA?

! Kazaxckuii Hay4HO-HCCIIE0BATENLCKUIT MHCTUTYT TNIa3HBIX 6oJ1e3Hell, Anmatsl, Kasaxcran

2 Ka3axCTaHCKHl MEIUIIMHCKHI yauBepcuteT « BIIO3», Anmarel, Kazaxcran

3 Kazaxckuii HalMOHAIbHbI MeauIuHCKuii yausepcuteT umenn C.JI. Acpenausaposa,
Anmatel, Ka3zaxcran

AHHOTaLUA

Beenenne. CoBpemeHHble UHTpaoKyIspHble JUH3bI (MOJI) mo3BOIsI0T KOppUTHPOBATH
npecOMONMI0 BO BpeMsi XUpYypruu karapaktsl. Mynbrudokaisasie MOJI cozparoT HECKOIbKO
JUCKPETHBIX (OKYCOB, TOTJa Kak JIMH3bl C pacmupeHHod rimy6uHoit ¢oxyca (EDOF)
o0OecrieunBarOT HEMPEPHIBHBIN JUana3oH 3peHus 3a cueT Moaudukauuu adeppauuid. Ilpsamoe
CpaBHEHHE HEOOXOIMMO MJisi BbIOOpa ONTUMAIbHOW TAaKTUKU C y4eToM 3(PQPEeKTHUBHOCTH,
6e3omacHOCTH U (OTO(HEHOMEHOB (Taslo, OJUKH).

Heab. Cucrematuyecku CpaBHUTH 3pUTENbHBIE (YHKLIUH, KayeCTBO 3PEHUS U
6e3omacHocTh MyibTHQOKaNbHBIX WOJI u MOJI ¢ pacmmpenHoi rinyOuHON ¢okyca npu
BO3pPAaCTHOM KaTapakTe.

Marepuanbl U MetToabl. [IpoBeneH cucremMaThueckwii TMOUCK B 0a3ax JaHHBIX
PubMed/MEDLINE u Google Scholar 3a nmepuoa c¢ suBaps 2020 r. mo ampens 2025 T.
Kputepun BKIIOYEHMs: B3pOCJbIE MAlMEHThl C BO3PAaCTHOM KaTapakToH, MEepeHeclIne
JIBYCTOPOHHIO  (akodMyJdbCHUPUKAMIO ¢  UMIUIaHTauued  npemuansHot — MOJI
(mynbTHQOKanbHOM, TpudpokanbHo, EDOF wnm rulOpuaHoil), mpu HaIU4YUU OPSIMOTO
cpaBHeHUs ¢ ApyruM TUnoM MOJI ¥ KOIMYECTBEHHBIMHM JAHHBIMU O IIOCIIEONEPALMOHHBIX
3puTenbHbIX GQYHKIMAX. MccnenoBanus 0Oe3 MpsIMOrO CpPaBHUTEIBHOIO JM3aiiHa WM C
OJIHOCTOPOHHEH HMIUIaHTallMed UCKIroYanuch. OLEHKa METOHO0JOTMYECKOro KadecTBa
npoonunack mo mkare Jadad (PKM) u mkame Herokacma—OtraBel (HaOMI01aTEIBHBIE
uccienoBanys). YeTslpHaALIATh NEPBUYHBIX CPABHUTEIBHBIX UCCIIEN0BAHUN COOTBETCTBOBAIN
KpUTEpUSM BKItOueHUs. JIJis COMOCTaBUMBIX MCXOJIOB TNPUMEHEH MeTaaHalinu3 (MoJenb
cirydaitHbIX 3¢ (eKTOB); OCTaNbHbIE JaHHbIE 0000IIEHBI HAPPATUBHO.

PesyabraTrel. M1OJI EDOF wu rubpunusie wmynbTHdokanbHble EDOF  nokazanu
IpeuMyIIecTBa B MPOMEXKYTOUHOM OCTpOTEe 3peHHMs U Oojee IMUPOKOM (YHKIIMOHAIBHOM
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nuanazoHe. Tpudokansasie MOJI ocraBanmuch JydmuM# Ui OMIDKHETO 3peHHUS U
HE3aBHCUMOCTH OT O4YkoB. OCTpoTa JalibHEro 3peHus Oblja COMOCTaBHMAa MEXAY TUIIAMHU.
Yacrora (poToeHOMEHOB BapbHpOBaja B 3aBUCHMOCTH OT IU3aiiHa, HO ONpEeAeTCHUsS OBbLIH
HEOJIHOPOJAHBIMHU.

3akmouenue. Kaxnapii tun npemuansuoit MOJI obnamaer yHHMKambHBIM IMpoduieM
sddextuBHOCTH. BBIOOp Mexay wmynbtudokanpHbivi W EDOF  jguH3zamm  pgomkeH
OCHOBBIBAThCSI HA HWHAMBHIYaJbHOM aHaJM3€ 3PHUTENbHBIX NOTPEOHOCTEH MalueHTa:
MPUOPUTET OJIMKHETO 3peHus npeanoyturesneH i Tpudokansueix MOJL, Torna kak akueHT
Ha [IPOMEKYTOYHOM 3PEHUHU U KaYeCTBE 3peHUs B Me3onuueckux ycnosusax — aias EDOF MOJIL.

KiroueBnble ciioBa: karapakra, mynbtudokaisasie NOJI, EDOF NOJI, TpudokanbHbie
NOJI, nucdoroncus.
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