Int Eye Sci, Vol.26, No.4, Apr. 2026 https.//www.ijo.cn
Tel :029-82245172 85205906 Email : ij0.2000 @ 163.com

- Original article -

Visual function and optical quality after bilateral

implantation of zonal refractive multifocal IOL in

elderly patients

Chen Jun™ , Qiu Xinying~ , Zhu Jie, Wei Yuanjian

S| AR ERFRA , REE, 25, Tt A SRR A X a3 5 8 &2
FE 5 TOL Mot Dy Be AL 2= ST E 58, E PR IR B4, 2026,
26(4) :551-557.

Foundation items; Natural Science Foundation of Fujian
Province (No.2024J011611) ; Natural Science Foundation of
Nanping City (No.N2021J020)

Department of Ophthalmology, Nanping First Hospital
Affiliated to Fujian Medical University, Nanping 353000,
Fujian Province, China

# Co—first authors; Chen Jun and Qiu Xinying
Correspondence to: Wei Yuanjian. Department of
Ophthalmology, Nanping First Hospital Affiliated to Fujian
Medical University, Nanping 353000,
China. yuan334700@ 163.com

Received: 2025-08-08 Accepted ; 2026-01-12

Fujian Province,

B #E AWEREN X 818 & £ & 0L B
WINREFEFEREH R

M AR ERRRERT R kAR

BESWE . fMda HRBEE LT H (No.2024J011611) ; 7 F 17
A SR Bl 223430 H (No.N2021J020)

YEH BT : (353000) H [ i e 1117, A R R R 22 B Jm e P56
—EEBEHR B}

s [0 A I SRR %o A SC BTk —

TEZ TR R, Bl T P B R K2, Lo 4B, Bl 4R =
Ui, BRS¢ 3 P PR A B G HR 5 B, Bl FAm s Rl K
2 LRI A A BE BRI BFGE 7 1)« [ P B AT OGIR
WIRVER AL, 5l THd R R 2 BT A, AT EE I,
WFSE 7 ]« P B B B (AR X . yuan334700@ 163.com

HE

BEY PR 80 2 S L | 2 AF AN AR AE A X 3k 47 55 78U 22 £
SN T RRR AR B 058 D) R A 22 it i

T SR FHER R FTRE PR R B ATL A REIG PR 5%, AR 35 2 3
(80 % K Lh b N B BB ) S N 4, 452 52 XUHR A A
1.S-313 MF30 & CT Asphina 409MP, AR J5 ¥4 €045 5 1F
KAKFIERE AT, DL B Rk i AL D g
()2 (VF—14) BB 5 18 25 0 B I 2 2R A7 W IEA
SIHTREIE DeR MR EN TS

LR . 5 400MP 40 (13 1 26 HR,85.77+2.20 %) M 1L,
MF30 20 (8 ] 16 HE,85.38£2.56 %) 1% 1E Fl K %5 1F )
G T TR SR AR, T G R ) R WA 2 R A 2

MF30 2H 114 25 45t 2676 0.00 D 1 3.00 D AbA7 P IEAR |
HIEETRTE ), MF30 4183 R S BB AN 2, &
IRIZG(28.% vs 18.5% ,P=0.584) B T5(9.5% vs 3.7%,
P=0.567) F156% (23.8% vs 11.11% ,P=0.438) 7£ MF30 41
e DR AT B TN B S e H S 3,

50 I 5 2 5 N T IRIAR Sl 80 2 K LU | B4R
S PR UL A B I R Y BB R A R, R
MF30 (BT PG T & WL A E AT 5 55, I A 55
M H 55 3l

KR X ST B A 2 AR N T AR AR 80 B K LA I
LS-313 MF30; F N BT A ; B BEVEIR BEH L Bl RO 5T

Abstract

¢ AIM: To evaluate the visual function and optical quality
in adults aged 80y and older following the bilateral
implantation of zonal refractive multifocal intraocular lens
(1oL, LS-313 MF30).

e METHODS: A single - center, non - randomized,
prospective clinical trial was conducted, involving cataract
patients aged 80 y and older. Patients received bilateral
implantation of the LS-313 MF30 or CT Asphina 409MP,
based on personal preference. Postoperative assessments
included uncorrected and corrected visual acuity at
distance, intermediate, and near ranges, as well as
defocus curve. Subjective evaluations were performed
using the visual function ( VF - 14 ) questionnaire,
spectacle independence rates, and patient satisfaction
surveys. Photic phenomena such as glare, halos, and
starbursts were also analyzed.

e RESULTS: The MF30 group ( 16 eyes from 8
participants, 85.38+2.56 y) exhibited superior uncorrected
and corrected intermediate and near visual acuity
compared to the 409MP group (26 eyes from 13
participants, 85.77+2.20 y), while distance visual acuity
was comparable between groups. The defocus curve of
the MF30 group revealed two peaks at 0.00 D and -3.00 D,
indicating a broader depth of focus. Patients in the MF30
group reported higher rates of spectacle independence
and greater satisfaction. While photic phenomena such as
glare (28.6% vs 18.5%, P=0.584), starburst (9.5% vs
3.7%, P=0.567) and halos (23.8% vs 11.11%, P=10.438)
were more prevalent in the MF30 group, they were
generally mild and did not significantly impact daily
activities.
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¢ CONCLUSION: Zonal refractive multifocal I0Ls provide
elderly patients with improved distance and near vision,
greater spectacle independence, and greater satisfaction.
Although photic phenomena were slightly more frequent
with MF30, they are generally reported as non-disruptive
and do not affect their daily life compared to monofocal
IOLs.
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INTRODUCTION

efractive cataract surgery is a common procedure aimed at
R restoring vision in patients with cataracts while
simultaneously addressing pre—existing refractive errors. This
surgery typically involves the removal of the cloudy natural
lens and its replacement with a multifocal intraocular lens
(IOL ) designed to improve visual acuity at various
distances''’. With the aging population, cataract surgery has
become increasingly prevalent, particularly among older
adults, who often experience a decline in both visual function
and quality of life due to cataracts'”.
The population aged 80 y and older presents unique challenges
for multifocal IOL implantation. The implantation of multifocal
IOLs in this age group offers several advantages, such as the
potential for reduced dependence on glasses and improved
functional vision at multiple distances. However, physiological
changes associated with aging, such as reduced
neuroadaptation capacity and decreased macular function—
even in the absence of overt morphological abnormalities—can
diminish contrast sensitivity and visual performance .
Concerns  regarding  visual  disturbances, such as
neuroadaptation failure, as well as the risk of decreased
contrast sensitivity, must be carefully weighed against the
benefits' >’
The zonal refractive multifocal 10L ( Lentis Mplus LS -313
MF30, Teleon, Netherlands) is a rationally asymmetrical
IOL  designed to
performance and reduce the typical adverse effect of other

multifocal I0Ls". Unlike diffractive multifocal I0Ls, which

are associated with approximately 20% loss of scattered light

refractive  multifocal optimize visual

and reducing contrast sensitivity, the MF30 minimizes light
loss ( approximately 7% ), thereby potentially improving
contrast sensitivity and reducing visual disturbances'®’. These
features make it a promising option for patients aged 80 y and
older, who may be more sensitive to optical imperfections and
less adaptable to visual changes. Prior studies have shown that
the MF30 can achieve satisfactory outcomes in terms of
distance and near vision, with a high degree of patient

[7-11

satisfaction"™""!. However, these studies often excluded the
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oldest age groups, particularly in individuals aged 80 y and
above, leaving a gap in understanding the specific challenges
and benefits for this demographic. The purpose of this study is
to evaluate the visual function and optical quality in adults
aged 80 y and older following the bilateral implantation of
zonal refractive multifocal 10Ls.

PARTICIPANTS AND METHODS

Ethical Approval This single — center non — randomized
prospective clinical trial was performed. The study was
approved by the Ethics Committee of Nanping First Hospital
Affiliated to Fujian Medical University. The study adhered to
the tenets of the Declaration of Helsinki. Written informed
consent was obtained from each patient prior to the start of the
study.
Participants This study included patients undergoing
cataract surgery between September 2023 and September 2024
at the Nanping First Hospital Affiliated to Fujian Medical
University. The inclusion criteria were aged 80 y and older.
No active ocular diseases were present, except for cataracts or
mild dry eye. The angle k was within 0.5 mm, with no
abnormalities in  pupil function. Preoperative corneal
astigmatism was 1. 00 diopter ( D) or below. Spherical
aberration within £0.25 wm, corneal HOA <0.5 pm were
included in the study. The exclusion ecriteria included
instability of the zonules or capsule, a history of refractive
surgery, dislocation of IOL, or any other ocular condition
(such as amblyopia, retinal diseases, or optic nerve
disorders) that could negatively impact postoperative visual
outcomes, corneal endothelial cell count <1000 cells/mm”,
any clinical evidence of Fuchs endothelial dystrophy or corneal
guttata. According to the actual needs, patients were
implanted with MF30 or monofocal 10Ls bilaterally ( CT
Asphina 409 MP, Carl Zeiss, Germany).

Preoperative Examination Preoperative  assessments
included uncorrected distance visual acuity ( UDVA ),
tonometry, endothelial cell count, corneal topography,
biometry (Lenstar LS 900, Haag—Streit AG, Switzerland ) ,
slit — lamp evaluation, optical coherence tomography and
scanning laser ophthalmoscopy. Based on the examination
results from lenstar 900, the Barrett Universal II Formula was
used to select IOL power. The TOL power was chosen to target
emmetropia+0.25 D.
Surgical Technique All surgeries were performed by the
same experienced ophthalmologist ( Zhu J). After topical
anesthesia was administered, a 2.8 — mm temporal corneal
incision was made. The anterior capsule of the lens was
accessed and incised through capsulorhexis, followed by
hydrodissection, wherein a balanced salt solution was instilled
around the lens to  facilitate  separation.  The
phacoemulsification handpiece was then introduced to emulsify
the lens, which was subsequently aspirated. After
comprehensive irrigation and aspiration to eliminate any
residual material, a folded IOL ( MF30 or 409MP ) was

positioned within the capsular bag. The surgeon conducts final

irrigation to ensure optimal fluid dynamics and inspects for any
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remnants, as the incision typically seals without sutures.
Postoperative Follow —up and Assessments All patients
were evaluated at 1 wk, 1 mo, and 3 mo postoperatively.
Specifically, visual acuity was measured at each visit. We
measured UDVA and corrected distance visual acuity
(CDVA) at 5 m, uncorrected intermediate visual acuity
(UIVA) and distance — corrected intermediate visual acuity
(DCIVA) at 80 cm, as well as uncorrected near visual acuity
(UNVA ) and distance — corrected near visual acuity
(DCNVA) at 40 cm. Additionally, a monocular defocus curve
was tested by adding spherical lenses ranging from +1.00 to
=4.00 D in 0.50 D increments, allowing us to evaluate the
depth of focus based on visual acuity thresholds.

Subjective assessment is equally important in understanding
the overall effectiveness of multifocal TOLs. The Visual
Function index—14 ( VF-14) questionnaire will be utilized to
assess vision—related quality of life and satisfaction with visual
function. Optical side effects, including glare, halos, and
stabursts, are common concerns among patients receiving
multifocal 10Ls. Understanding the prevalence and impact of
these side effects is crucial for patient counseling and
managing expectations. We categorized these effects into three
severity levels: mnever, occasionally, and always.
Furthermore, the rate of spectacle independence for both
distance and near vision will be evaluated. We will classify
patients based on their need for corrective lenses into three
categories: completely spectacle —free, occasionally needing

glasses, and consistently needing glasses. Finally, patient

satisfaction will be assessed through a straightforward grading
system, including three levels: very satisfied ( indicating a
willingness to choose the same IOL again or recommend it to
others ) , somewhat satisfied, and dissatisfied ( indicating
intolerable visual disturbances) .

Statistical Analysis  Statistical analysis of the data was
performed using SPSS 23.0. Measurement data were expressed
as mean +standard deviation (X s). If the data satisfied a
normal distribution and homogeneity of variances, a paired
t—test was used. For non—normally distributed ranked data,
the Mann — Whitney U test was applied. Comparison of rates
was performed using the chi—square test or Fisher’s exact test.
The significance level was set at o =0.05.

RESULTS

The demographic and preoperative clinical data of patients
enrolled in each group were summarized in Table 1. No
statistically significant differences were observed between the
two groups in terms of age, sex, preoperative UDVA, axial
length, corneal endothelial cell count, corneal astigmatism,
angle k, pupil diameter,tear break—up time or Schirmer I test
(Table 2).

Postoperative monocular visual acuity was assessed at 1 wk,
1 mo, and 3 mo. Within each group, UDVA and CDVA
remained stable across all visits, with no statistically
significant changes. The MF30 group demonstrated
significantly better UIVA, DCIVA, UNVA, and DCNVA
compared to the 409MP group (Tables 3 and 4).

Table 1 Characteristics of IOL

LS-313 MF30

Parameters

CT Asphina 409MP

Type Zonal refractive multifocal

Optic design

Biconvex, aspheric, a sector—shaped near—vision area with a +3.00 D addition

Monofocal

Biconvex, aspheric

Material Hydrophilic with hydrophobic surface Hydrophilic with hydrophobic surface
Haptics 4~-haptic 4~haptic
Optic diameter 6.0 mm 6.0 mm
Total diameter 11.0 mm 11.0 mm

IOL: Intraocular lens.

Table 2 Preoperative patient demographics

Demographics MF30 409MP P
Participants/eyes (n) 8/16 13/26 -
Male/female (n) 3/5 4/9 0.32
Age (y) 85.38+2.56 85.77+£2.20 0.69
UDVA (LogMAR) 0.64+0.18 0.70+0.17 0.29
Axial length (mm) 23.28+0.88 23.04+0.68 0.32
Corneal endothelial cell count (/mm?) 2308.63+199.49 2361.19+254.25 0.49
Corneal astigmatism (D) 0.56+0.25 0.56+0.24 0.94
Angel k (mm) 0.21+0.2 0.19+0.10 0.61
Pupil diameter (mm) 3.49+0.36 3.56+0.52 0.65
Corneal HOA (pm) 0.23+0.09 0.22+0.10 0.69
Tear break—up time (s) 8.59+1.90 8.63+1.68 0.94
Schirmer I test ( mm) 9.98+2.78 8.58+2.10 0.07

UDVA; Uncorrected distance visual acuity; LogMAR ; Logarithm of the minimum angle of resolution; D: Diopter; HOA: Corneal higher—order

aberration.
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Table 3 Measurements of uncorrected visual acuities after IOL implantation

(X%, LogMAR)

Postoperative visit MF30 409MP P
UDVA
Postoperative 1 wk 0.22+0.05 0.20+0.08 0.313
Postoperative 1 mo 0.18+0.07 0.16+£0.09 0.352
Postoperative 3 mo 0.16+0.08 0.15+0.08 0.616
UIVA
Postoperative 1 wk 0.44+0.06 0.49+0.08 0.030
Postoperative 1 mo 0.41+0.04 0.48+0.09 0.006
Postoperative 3 mo 0.39+0.04 0.47+0.08 0.003
UNVA
Postoperative 1 wk 0.31+0.08 0.77+0.10 <0.001
Postoperative 1 mo 0.28+0.08 0.77+0.11 <0.001
Postoperative 3 mo 0.28+0.08 0.77+£0.12 <0.001

IOL: Intraocular lens; UDVA; Uncorrected distance visual acuity; UIVA . Uncorrected intermediate visual acuity; UNVA . Uncorrected near

visual acuity.

Table 4 Measurements of corrected visual acuities after IOL implantation

(xzs, LogMAR)

Postoperative visit MF30 409MP P
CDVA
Postoperative 1 wk 0.16+0.05 0.15+£0.08 0.450
Postoperative 1 mo 0.15+0.05 0.14+0.08 0.723
Postoperative 3 mo 0.14+0.05 0.13+£0.07 0.734
DCIVA
Postoperative 1 wk 0.39+0.03 0.47+0.09 0.002
Postoperative 1 mo 0.38+0.04 0.47+0.10 0.001
Postoperative 3 mo 0.38+0.04 0.45+0.09 0.001
DCNVA
Postoperative 1 wk 0.26+0.07 0.75+0.10 <0.001
Postoperative 1 mo 0.24+0.07 0.74+0.09 <0.001
Postoperative 3 mo 0.23+0.07 0.74+0.10 <0.001

IOL: Intraocular lens; CDVA: Corrected distance visual acuity; DCIVA . Distance—corrected intermediate visual acuity; DCNVA . Distance—

corrected near visual acuity.

Figure 1 illustrated the monocular defocus curves for the two
groups at 1 and 3 mo. The MF30 group provided superior
intermediate and near vision compared to the 409MP group,
providing a range of stable proper vision. In the MF30 group,
two peaks were observed approximately at 0.00 and —-3.00 D,
whereas in the 409MP group, only one peak was observed at
0.00 D.

At the final visit, participants completed questionnaire
evaluations (Table 5). The percentage of patients achieving a
VF-14 score of 90 or higher was higher in the MF30 group
compared to the 409MP group ( 87.5% wvs 38.5%, P =
0.067). In terms of spectacle independence, the MF30 group
reported significantly higher rates than the 409MP group
(87.5% wvs 15.4% , P = 0.002). Patient satisfaction was
higher in the MF30 group compared to the 409MP group
(75.0% vs 38.5%, P=0.183). Glare (28.6% vs 18.5%, P=
0.584), starburst (9.5% wvs 3.7%, P =0.567) and halos
(23.8% vs 11.11%, P=0.438) severity were higher in the
MF30 group, though there were no statistically significant

differences between the two groups ( Figure 2).
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DISCUSSION

To evaluate visual function and optical performance in adults
aged 80 y and above after bilateral implantation of zonal
refractive multifocal I0Ls, cataract patients were divided into
two groups: MF30 and 409MP. As a result, eyes with zonal
refractive multifocal 10Ls effectively enhance both far and
near vision, finding similar good distance visual acuities when
compared to monofocal 10Ls""""*'. Despite the advanced age
of the patients and challenges in visual quality, patient
satisfaction after implantation of zonal refractive multifocal
IOLs remain high. Although photic phenomena persist, they
are generally reported as non —disruptive and do not affect
their daily life.

The MF30 group exhibited superior uncorrected and corrected
intermediate and near visual acuity compared to the 409MP
group, while distance visual acuity was comparable between
groups. This improvement in visual performance could lead to
a better quality of life, enabling patients to perform daily tasks
with greater ease and comfort. In contrast, the comparison of

distance visual acuity revealed that both groups performed
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Figure 2 Severity of halo (A), starbursts (B), and glare (C) in the MF30 group and 409MP group.
Table 5 Subjective assessment based on questionnaires conducted at 3 mo after IOL implantation
Categories MF30 409MP P
VF-14 score
VF-14 score>90% 7 (87.5%) 5 (38.5%) 0.067
Spectacle independence
Completely spectacle—free 7 (87.5%) 2 (15.4%) 0.002
Occasionally needing glasses 1 (12.5%) 8 (61.5%) 0.067
Consistently needing glasses 0 3 (23.1%) 0.257
Satisfaction
Very satisfied 6 (75.0%) 5 (38.5%) 0.183
Somewhat satisfied 1 (12.5%) 6 (46.2%) 0.173
Dissatisfied 1 (12.5%) 2 (15.3%) >0.9999
IOL: Intraocular lens; VF-14: Visual Function index—14.
similarly, indicating that both optical interventions are importance of multifocal IOLs that optimize near vision, such

effective for distance vision needs. Studies of Alvarez—Garcia
et al'” and Nuzzi et al'"® showed MF30 provided good
performance for monocular and binocular distance and near
visual acuity, similar to our study.

The defocus curve serves as an essential method for assessing
the visual performance of multifocal TI0Ls'"’. Several clinical

that refractive

[10,14-16]

studies have shown with  zonal

patients
multifocal I0Ls can obtain good near and far vision
Similar to these previous studies, our study revealed that the
MF30 groups achieved high overall satisfaction and greater
independence from distance and near glasses. The growing
reliance of elderly Chinese individuals on smartphones rather
than computers or driving highlights their prioritization of near

vision functionality. This preference underscores the

as the MF30,

emphasize intermediate vision.

like the which

over alternatives MF15,
Subjective questionnaires are frequently considered crucial for
evaluating patients’ personal experiences. As we previously
stated, MF30 has an innovative design specifically intended to
reduce photic phenomena. While some patients may still
experience photic phenomena such as glare and halos, the
overall patient satisfaction indicates that MF30 are more
accommodating of minor refractive errors or other optical
imperfections, maintaining excellent vision quality and
reducing the need for glasses.

Historically, the population aged 80y and older have often
been excluded from receiving multifocal I0Ls due to factors
such as higher — order

aberrations, dry eye disease,
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degenerative ocular conditions, and reduced neuroadaptation
capacity, which can adversely affect contrast sensitivity and

(7781 These factors necessitate

overall visual performance
stricter patient selection criteria to ensure optimal outcomes. A
thorough assessment of each patient’s unique visual needs and
health status is essential to make informed decisions regarding
this intervention in older adults. The MF30 design makes light
focus on a specific area for near vision, while another section
of the lens is in charge of focal point for distance. This design
allows MF30 to provide effective near and distance vision,

TOLs!"?,

Additionally, MF30 operate independently of pupil size and
[20]

with similar contrast sensitivity to monofocal

show reduced sensitivity to lens decentration
The extent of cost—effectiveness was also sensitive to patient
age, probability of spectacle dependence, and satisfaction'”"

The higher cost also limits the choice of multifocal 10Ls for

231 Fortunately, the implementation of the

elderly patients
centralized procurement policy for IOLs by the National
Healthcare Security Administration ( NHSA) has significantly
reduced the cost of multifocal IOLs in China, making them
more accessible to a broader population ( Announcement of
centralized procurement policy for IOLs and Sports Medicine
Medical Consumables Organized by the National Government.
https ://he. tjmpe. en; 10128/ public/show14416. html ). This
policy has been instrumental in promoting the patient’s
satisfaction, particularly among elderly patients who may
benefit from improved visual outcomes.

One limitation of our study is its non—randomized design, as
patients were grouped based on personal preferences rather
than random allocation. This approach may introduce selection
bias and limit the generalizability of our findings.
Additionally, our study focused on early postoperative
outcomes following MF30 implantation, leaving long — term
visual and optical quality outcomes to be explored in future
research. At the beginning of the study, we considered using
the CSV-1000 to test the contrast sensitivity. However, most
of the elderly patients are difficult to complete this test, which
made data collection very challenging.

In conclusion, thebilateral implantation of zonal refractive
multifocal IOLs provides cataract patients aged 80 y and older
with improved visual quality and a higher degree of spectacle
independence compared to monofocal I0Ls. Although photic
phenomena were slightly more frequent with MF30, they are
generally reported as non—disruptive and do not affect their

daily life.
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