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Abstract

e AIM: To evaluate the influence of ocular biometric
parameters on the performance of actual near-add power in
the spectacle plane of multifocal intraocular lenses (MIOLS).
e METHODS: This retrospective study defined prediction
error (PE) as the difference between actual postoperative
near-add power and manufacturer-predicted values. Linear
regression assessed PE correlations with axial length (AL),
mean keratometry (K), pupil size, anterior chamber depth
(ACD), lens thickness (LT), ACD+0.5xLT, and back-calculated
IOL power. Differences in PE across MIOLs types, AL, K,
pupil size, ACD, LT, ACD+0.5xLT, and back-calculated 10L
power groups were compared.

e RESULTS: Totally 250 eyes of 250 patients (116
males and 134 females, mean age 56.22+12.31y) who
underwent phacoemulsification with MIOL implantation
were reviewed. PE showed no significant correlation with
most parameters but had a weak positive correlation with
LT. The mean predicted error (MPE) in the ALL22, 26-27,
and 27-28 mm groups were 0.83 (0.51, 1.01) D, 0.78 (0.51,
1.07) D, and 0.72 (0.57, 0.94) D respectively (P<0.001).
The MPE in the K between the 45-46 D groups was 0.78
(0.37, 1.07) D (P=0.0004). The MPE in the LT between the
4.5-5.0 mm groups and =5 mm was 0.72 (0.50, 1.01) D
and 0.72 (0.51, 1.01) D respectively (P<0.001). The MPE in
the back-calculated IOL power >25 D was 0.86 (0.60, 1.01) D
(P<0.001).

e CONCLUSION: Although there is no significant linear

relationship between near-add power and most ocular
biometry parameters, and specific segments of AL, K, LT,
and IOL power have a significant impact on the near-add
power of MIOLs. These factors should be taken into account
in preoperative evaluations.

e KEYWORDS: near-add power; multifocal intraocular
lenses; spectacle plane
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INTRODUCTION

n order to fulfill patients’ demands for postoperative

distance, intermediate, and near vision, multifocal
intraocular lenses (MIOLs) have been widely used in the
last decade'". The currently available MIOLs could offer a
range of near-add power in the intraocular lens (IOL) plane
from +1.5 D to +4 D, Manufacturers provided the optimal
reading distance of the multifocal IOL based on its near add
power in the IOL plane'®”. Because of the differences in age,
habits, and occupations, patients have different requirements
and preferences for middle and near vision. The surgeons can
choose a multifocal IOL with different near-add power based
on the patient’s actual near-working distance. However, it has
been found that the actual near-add power in the spectacle
plane that patients experience does not match the optimal
reading distance provided by the manufacturer. Holladay and
Hoffer’s” study showed that patients with a deep anterior
chamber who wanted to achieve an add power of 2.75 D
in the spectacle plane required an IOL with a higher near-
add power in the IOL plane compared to patients with a
shallower anterior chamber. Similarly, Savini et al’s'” study
study found that patients with steep corneas and long axial
lengths (AL) obtained lower postoperative near-add power in
the spectacle plane. These studies suggest that the fixed IOL

calculation model used by manufacturers may not accurately
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Table 1 The predicted spectacle plane near-added power of the different MIOLs provided by the manufacturer

The plane add power of

Optimal near focus distance

The predicted spectacle plane

Manufacturer MIOLs model MIOLs (provided by manufacturer) add power of MIOLs

Alcon TENTOO +3.25D 42 cm +2.43D

J&J Vision ZMB00 +4.00 D 33cm +3.00D

Carl Zeiss 809MP +3.75D 35cm +2.81D
839MP +3.33D 40 cm +2.50D

D: Diopters; MIOL: Multifocal intraocular lenses.

reflect the postoperative reality for each patient. It is crucial
for accurately predicting postoperative near add power in the
spectacle plane. There is a paucity of literature analyzing the
factors influencing the near-add power of MIOLs based on
actual clinical outcomes. This study presents the first clinical
observations of the influence of effective lens position (ELP)-
related ocular biometric parameters, pupil size, back-calculated
IOL power, and different IOL types on the performance of
actual near-add power. The findings provide valuable insights
and serve as a reference for enhancing the clinical application
of these parameters.

PARTICIPANTS AND METHODS

Ethical Approval This study was approved by the Ethics
Committee at the Fuzhou Eye Hospital (No.FZYKY'Y-
KY-2022-004) and conformed to the Declaration of Helsinki.
All patients provided written consent papers.

Participants and Surgery This study retrospectively
reviewed 250 eyes of 250 patients who underwent
phacoemulsification with MIOL implantation at Fuzhou Eye
Hospital from September 2022 to May 2024"". Theinclusion
criteria for patient selection are as follows: 1) dark-adapted
natural pupil diameter between 3.0 and 5.5 mm; 2) kappa angle
<0.5 mm or kappa angle smaller than half of the central optical
zone diameter of MIOLs, and corneal higher order aberrations
(HOAs) within the central 4 mm region of the cornea <0.3 um;
3) patients with a postoperative manifest best corrected
visual acuity (BCVA) >20/25; 4) postoperative astigmatism
<0.75 D. Patients with intraoperative or postoperative
complications, traumatic cataracts, any optical clouding on slit
lamp examination, severe dry eye, previous corneal refractive
surgery, or intraocular surgery were excluded.

Standard cataract phacoemulsification surgery is performed by
the same experienced surgeon. The models of IOLs implanted
include AT LISA 809M (Carl Zeiss Meditec, Jena, Germany),
AT LISA® tri 839M (Carl Zeiss Meditec, Jena, Germany),
AcrySof® 1Q PanOptix” TFNTO00 (Alcon Vision LLC, Fort
Worth, TX), and TECNIS” ZMBO00 (Johnson & Johnson
Vision, Santa Ana, California, USA).

Preoperative and Postoperative Examinations Every
patient underwent complete ophthalmic examinations before
and Imo after surgery, including slit lamp examination,

uncorrected distance visual acuity, corrected distance visual
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acuity, manifest and cycloplegic refraction, tonometry, and
fundoscopy. Preoperative AL, mean keratometry (K), anterior
chamber depth (ACD), and lens thickness (LT) were measured
using an OA-2000 (Tomey Corporation, Japan). The patients’
preoperative pupil size, corneal spherical aberration (SA), and
corneal HOA were measured using the OPD-Scan III (Nidek
Technologies, Gamagori, Japan).

Measured Spectacle Plane Near-add Power of MIOLs
Monocular defocus curves were measured between +1.50 D
and -4.00 D in 0.25 D steps 1mo after surgery. The curves are
produced in this way. While viewing at a distant eye chart, the
patient is adjusted for the best distance acuity in examining
eye; this is the “zero” mark, which is, by definition, a peak
for all lenses examined. Adjusting for optimal distance acuity
eliminates variations in outcomes that could be caused by
residual refractive error''’. The actual postoperative near-
add power in the spectacle planewasdefined as the dioptric
distancebetween two peaks of optimum visual acuity.
Back-calculated IOL Power The implanted IOL power is
determined based on the calculation of the patient’s ocular
biometric parameters. An accurate IOL power can reflect
the comprehensive biological characteristics of the patient’s
eye. The back-calculated IOL power is defined as the
postoperatively calculated IOL power required for emmetropia
after surgery, based on the Barrett Rx Formula V2.0 (available
at https://calc.apacrs.org/barrett_rx105/).

Calculation of the Prediction Error of Near-add Power In
order to avoid statistical errors caused by different models
of MIOLs, the prediction error (PE) is used to evaluate the
postoperative near-add power actual performance. Based on
the added power in the IOL plane and the optimal reading
distance of the different MIOLs provided by the manufacturer,
the predicted spectacle plane near-added power was converted
using the same conversion coefficient (Table 1).

The predicted add power error is defined as the difference
between the actual postoperative near-add power in the plane
of the spectacle measured by monocular defocus curves and
the predicted spectacle plane near-add power of the MIOLs
provided by the manufacturer. A greater PE indicates better
performance of postoperative near-add power.

Statistical Analysis Statistical analysis was performed using
SPSS software (version 27.0, SPSS Inc., Chicago, USA). The
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Table 2 Data sample characteristics n=250
Parameters n (%) MeanSD Range
Gender (female/male) 134/116 (53.6/46.4)

Eye (OD/0S) 126/124 (50.4/49.6)

Age (y) 56.22+12.31 26t0 73
AL (mm) 24.86+2.44 21.57 to 34.08
K (D) 44.13+1.60 39.54 to 48.49
ACD (mm) 3.23+0.44 1.47 to 4.13
Pupil size (mm) 3.36%0.60 2.38t0 5.6
Corneal SA (um) 0.26+0.12 -0.29 t0 0.5
Corneal HOA (um) 0.16+0.09 0.04t0 0.3
IOL power (D) 17.04+6.62 -4t0 +26
Postoperative SE (D) -0.03+0.29 -1to +0.75
Postoperative astigmatism (D) 0.40+0.28 010 0.75

D: Diopters; OD: Right eye; OS: Left eyes; IOL: Intraocular lens; AL: Axial length; K: Keratometry; ACD: Anterior chamber

depth; SE: Spherical equivalent; SA: Spherical aberration; HOA: Higher order aberration.

normality of the data was checked using the Kolmogorov-
Smirnov test. Linear regression analysis was performed to
assess the relationship between the PE and the following
variables: AL, K, pupil size, ACD, LT, ACD+0.5%LT, and
back-calculated IOL power. The Kruskal-Wallis H test
was used to examine the differences in PEs of near-add
power among different types of MIOLs, along with the
aforementioned variables. Significant differences were further
tested using Bonferroni post hoc analysis. A P-value of less
than 0.05 was considered statistically significant.

RESULTS

The study comprised 250 eyes of 250 patients. There were
116 males and 134 females, with a mean age of 56.22+12.31y.
The preoperative AL, K, ACD, corneal SA, corneal
HOA, postoperative spherical equivalent, postoperative
astigmatism,and implanted IOL power are shown in Table 2.
The 87.2% of the patients had a postoperative near-add power
greater than the manufacturer’s predicted value. The PE is
not significantly correlated with AL, K, ACD, ACD+0.5xLT,
back-calculated IOL power, and pupil size (Figure 1A-1C,
1E-1G). However, it shows a weak positive correlation with
LT (R*=0.052 and P<0.001; Figure 1D).

There were no statistically significant differences in the PEs
among the groups of different MIOLs types (P=0.579), pupil
sizes (P=0.391), ACDs (P=0.08), and ACD+0.5xLT (P=0.08)
values (Figure 2A, 2B, 2E, 2F).

The mean predicted error (MPE) in the AL <22, 26-27, and
27-28 mm groups were 0.83 (0.51, 1.01) D, 0.78 (0.51, 1.07) D,
and 0.72 (0.57, 0.94) D respectively, which were statistically
different from the other groups (P<0.001). The post hoc test
detected significant differences between the 22-23 mm group
and the 27-28 mm group (P=0.0308), the 23—24 mm group and
the 26-27 mm group (P=0.0264), the 22-23 mm group and

the 26-27 mm group (P=0.0058), the <22 mm group and the
22-23 mm group (P=0.0006), and the <22 mm group and the
23-24 mm group (P=0.0029). No differences were found in
the rest of the comparisons (Figure 2C).

The MPE in the K between the 4546 D groups was 0.78
(0.37, 1.07) D, which was statistically different from the other
groups (P=0.0004). The post hoc test detected significant
differences between the 42—43 D group and the 45-46 D
group (P=0.0288), the 43—44 D group and the 45-46 D group
(P=0.0021), and the 44-45 D group and the 45-46 D group
(P=0.0009). No differences were found in the rest of the
comparisons (Figure 2D).

The MPE in the LT between the 4.5-5.0 mm groups and
>5 mm was 0.72 (0.50, 1.01) D and 0.72 (0.51, 1.01) D
respectively, which were statistically different from the other
groups (P<0.001). The post hoc test detected significant
differences between the <4 mm group and the 4.5-5 mm
group (P=0.0202), the <4 mm group and the >5 mm group
(P=0.0265), the 4-4.5 mm group and the 4.5-5 mm group
(P=0.0003), and the 4-4.5 mm group and the >5 mm group
(P=0.0011). No differences were found in the rest of the
comparisons (Figure 2G).

The MPE in the back-calculated IOL power >25D was 0.86
(0.60, 1.01) D, which was statistically different from the
other groups (P<0.001). The post hoc test detected significant
differences between the 15-20 D group and the >25 D group
(P=0.0479), and the 20-25 D group and the >25 D group
(P<0.001). No differences were found in the rest of the
comparisons (Figure 2H).

DISCUSSION

The patient’s need for near vision arises from the demands
of their life and work, while the surgeon chooses different
types of near-added multifocal IOLs according to the patient’s
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actual needs. However, clinical results revealed that patients
implanted with the same near-added MIOLs had different
optimal reading distances after surgery. Previous research
indicates that the ELP significantly influences toric IOL

[12-13]

performance and impacts postoperative near-add power in

(. Savini e al” noted that hyperopic eyes

the spectacle plane
tend to have closer near focal distances compared to myopic
eyes.

Our study show no linear relationship between AL and PE.
However, segmented analysis reveals that patients with an
AL of less than 22 mm, or those with an AL in the range of
26-28 mm, have better actual near-add power in the plane of
the spectacle. The findings in this study are consistent with
previous research regarding near-add power in patients with
short eyes. This result is understandable, as numerous studies
have demonstrated that patients with shorter ALs may have a
smaller ELP after surgery, leading to improved performance

17 However,

of the near-add power in the spectacle plane'
our results also showed that patients with AL between 26-28 mm
had better actual near-add power, which is inconsistent with
Savini et al’s”’ findings. The discrepancies between our study
and Savini e al’s”’ study can be attributed to the differences

in study design and methodology. Savini et al’s'” results are

2068

theoretical values based on IOL calculation formulas such as
SRK/T, Hoffer Q, and Holladay 1, while our study is based on
real-world data. There are several studies have shown that the
implantation of trifocal IOLs in myopic patients can achieve

11820 We consider the following possible

satisfactory outcomes
reasons: First, the ELP does not increase indefinitely as the AL
increases. Additionally, the ELP is a parameter that is affected
by various factors, which contribute to the limited accuracy
of most IOL calculation formulas. In Savini ez al’s"” study,
the focal distance also does not decrease with increasing
AL in myopic eyes with steep corneas (K=45 D) in which
calculations were performed with the Holladay 1 formula
(due to the cusp effect of the SRK/T). This observed behavior
is strictly dependent on the Holladay 1 formula and would not
be observed with the Hoffer Q. Therefore, the actual near-add
power is unlikely to have a simple linear relationship with the
AL. Second, previous studies have shown that myopic patients
may reduce their awareness of the blurring effect, which has

22121 therefore

been termed “neural and perceptual tolerance
the eyes of these patients may have a deeper depth of focus,
which affects the results of performance at near-add power
in MIOLs. Third, Patients with long eyes may also have steep

corneas, small pupils, high SA, and higher-order aberrations, as
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well as other factors that could improve depth of focus, leading
to a positive result.

K is commonly used as an important factor in predicting
ELP and is widely incorporated into artificial lens calculation
study, all IOL formulas utilized K
for ELP prediction, revealing that flatter corneas are associated

formulas. In Savini et al’s"”

with a narrower range of near focal distances compared to
steeper corneas. Our study, however, did not find a linear
correlation between corneal power and predictive error.
Instead, segmental analysis revealed that the group with a K
measurement between 45-46 D exhibited superior actual near-
add power in the spectacle plane.The discrepancy between
our findings and previous studies may be attributed to several
factors. First, several studies have concluded that using K as
a factor in predicting ELP for IOL power calculations usually
leads to inaccurate IOL calculations in eyes with high and

21 Therefore, using K to predict the

low mean K readings'
near-add power based on the IOL calculation formula may be
incorrect. Second, in our previous study, we found that when
AL<25.06 mm, K had a negative linear correlation with AL,

and when AL>25.06 mm, K had a weak positive correlation

with ALP%,
readings tend to be shorter, which could explain the observed

This implies that eyes with higher mean K

better near-add power. Third, in photography, according to
the depth of field (DOF) calculation formula based on the
optical system’s object-image relationship the longer the focal
length of the lens, the shorter the DOF. It means that when
the lens has a greater refractive power, its DOF is also greater.
Therefore, in previous understandings, it was believed that a
steeper cornea would have a better DOF.

ACD and LT are considered important predictors of ELP
and are used in a large number of IOL calculation formulas.
Previous studies have also confirmed that patients with a
smaller ACD have a smaller actual IOL position (ALP)
postoperatively”’ ! theoretically suggesting better near-
add power. However, the results of this paper show that no
linear correlation was found between preoperative ACD and
PE. Segmental analysis indicated that patients with smaller
ACD seemed to have better near-add power, but there was
no statistical difference between the groups, necessitating a
larger sample size to confirm the findings. Numerous studies
have confirmed that LT is highly correlated with preoperative
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ACD!"™" In Olsen et al’s"'”* study, the C constant was used
to predict postoperative IOL position within the capsular
bag based on preoperative LT and ACD. Additionally, some
research uses the formula ACD+0.5xLT for predicting ELP and
found that ELP is positively correlated with ACD+0.5xLT"",
In this study, we analyze the impact of LT and ACD+0.5xLT
on PE. No linear correlation between LT and PE was found
in our data, but segmental analyses showed that patients with
a large LT had better postoperative actual near-add power.
Furthermore, analyses of ACD+0.5xLT and PE did not find a
significant correlation. Patients with a large LT distribution in
our sample tend to have a shorter AL and a shallower anterior
chamber. This may be the reason why patients with a larger LT
achieve better actual near-add power. In addition, many factors
such as the size of the capsule bag, the laxity of the suspensory
ligaments, and the liquefaction of the vitreous humor, may also
affect ELP, therefore, the prediction of ELP remains complex
and challenging.

This study also analyses the effect of the base refractive
power of implanted MIOLs on their near-added power actual
performance. The implanted IOL power is determined based
on the calculation of the patient’s ocular biometric parameters.
An accurate IOL power can reflect the comprehensive
biological characteristics of the patient’s eye. When a high
IOL power is needed, it is often associated with patients
who have a short AL and a small ELP. Therefore, this article
calculated the required IOL power for accurate implantation
based on the actual refractive outcomes post-surgery. This is
the first time that IOL power has been included as a relevant
factor in the analysis. The scatter plot distribution of the back-
calculated IOL power inversely corresponds to the AL. The
overall trend shows that both high and low back-calculated
IOL power exhibit good actual near-add power, while regular
back-calculated IOL power is closest to the theoretical values
provided by the manufacturer. Segmentation analysis also
confirmed that when patients required the implantation of a
higher base IOL power, the postoperative near-add power they
actually achieved performed significantly better.

Pupil size changes the amount of light reaching the retina;
therefore, small pupils can reduce the occurrence of optical

3% As a result, changes

aberrations and increase the DOF!
in pupil size may affect the outcomes of defocus curve
assessment™*". The study shows that no linear correlation
was found between preoperative pupil size and PE. Segmental
analyses also did not find statistically significant between
the groups. The reason for these results may be due to the
previous recommendations for pupil size screening in patients
undergoing MIOLs implantation*', which resulted in a smaller
sample size of patients with small and large pupils in this

study.
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Previous studies have found that either astigmatic errors or
HOAs would increase the depth of focus'™**. Patients with
higher positive SA and against-the-rule astigmatism have been
found to achieve satisfactory near vision after the implantation

of monofocal TQLgM**4

). To reduce the impact of
postoperative astigmatism on postoperative vision, one of the
inclusion criteria was that patients had predicted postoperative
astigmatism <0.75 D, and in our sample, it was controlled at an
average of 0.40 D. Additionally, the corneal SA and HOAs in
our sample were controlled at averages of 0.26 and 0.16 mm,
respectively. We considered that postoperative astigmatism,
corneal SA, and HOAs within our sample were controlled in
a small range, which had relatively little impact on the results
of this study. Therefore, no further data were analyzed and
investigated.

The research on actual near-add power in MIOLs is quite
complex, with numerous related factors. This study has at
least the following limitations: first, postoperative ACD
is an important factor for evaluating ELP. The main aim
of this study was to observe the predictive significance of
preoperative biometric parameters for the actual postoperative
near-add power. Therefore, we did not conduct any related
research on postoperative ACD, which should be considered
in future studies. Second, the results of the defocus curve are
not entirely equivalent to near vision. During actual reading,
a smaller object distance can lead to a reduced depth of focus.
Additionally, there is anear reflex of the pupil during reading,
which can cause changes in pupil size and may affect the
results. Third, due to the preoperative patient selection process,
the distribution of patients across the groups was not uniform,
which may decrease the reliability of the results. In the future,
increasing the sample size could further validate the findings.
In summary, the results of this study indicate that most
patients can achieve an actual near-add power higher than the
theoretical predictions provided by the manufacturer. Patients
with normal AL and corneal power showed postoperative
actual near-add power that was closest to the theoretical
values. In special segments such as patients with AL of less than
22 mm and those between 26-28 mm, the actual near-add
power after surgery is better. Additionally, patients with K in the
45-46 D range, patients with LT of over 4.5 mm, and patients
who required the implantation of a base IOL power higher than
25 D exhibited better performance in actual near-add power.
These findings demonstrate certain discrepancies compared to
the theoretical values derived from IOL calculation formulas
in previous studies, suggesting that these factors should be
prioritized as key references for preoperative evaluation and
prediction.
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