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Purpose: To evaluate stereopsis at various distances after bilateral implantation of multifocal and monofocal intraocular lenses (IOLs).
Patients and Methods: This study included 173 patients who underwent cataract surgery, with 70 receiving bilateral multifocal and
103 receiving bilateral monofocal IOLs. Stereoacuity was assessed without correction in the multifocal group and with correction in
the monofocal group at far, intermediate, and near distances. Age-matched comparisons were conducted as the mean age was low in
the multifocal group. Stereoacuity was assessed at 0.3, 0.5, 0.7, 3, and 5 m using a Binoptometer 4P.

Results: Stereoacuity was significantly better in the multifocal group than in the monofocal group at all distances (p < 0.05), except at 0.3 and
5 m after age matching. The proportion of patients achieving 100 arcsec or better was significantly higher in the multifocal group than in the
multifocal group at all distances except 0.3 m (p < 0.05). Additionally, significant differences were noted only at 0.7 m after age matching (p <
0.05). The proportions of patients unable to identify 600 arcsec in the multifocal, monofocal, and age-matched monofocal groups were 3%,
11%, and 11% at 0.3 m; 0%, 9%, and 14% at 0.5 m; 0%, 9%, and 8% at 0.7 m; 0%, 5%, and 3% at 3 m; and 0%, 6%, and 6% at 5 m,
respectively. After age matching, poor stereopsis was significantly reduced in the multifocal group at 0.5 m (p < 0.05) but not at 0.7 m.
Conclusion: Patients with bilateral implanted multifocal IOLs exhibited superior stereopsis across various distances than those with
bilateral monofocal IOLs. Additionally, fewer patients with multifocal IOLs experienced poor stereopsis. These results suggest that
multifocal IOLs may help patients in maintaining stereopsis by facilitating focus on multiple points from far to near distances daily.
Keywords: stereopsis, multifocal IOLs, monofocal IOLs, cataract surgery

Introduction
Multifocal intraocular lenses (IOLs) reportedly provide optimal vision at far, intermediate, and near distances, with
a significantly higher proportion of patients achieving spectacle independence compared to those with bilateral mono-
focal IOLs.' However, compared to monofocal IOLs, multifocal IOLs also present several visual function challenges,
such as waxy vision, dysphotopsia, and reduced contrast sensitivity." These trade-offs may influence binocular visual
function, particularly stereopsis, which is the highest-level function of binocular vision. Previous investigations have
assessed stereopsis in patients with unilateral IOL implantation.*® However, few comparative studies have evaluated
stereopsis in patients with bilateral IOL implantation, specifically comparing outcomes between those with bilateral
monofocal IOLs and those with bilateral multifocal IOLs.”®

One factor contributing to decreased stereopsis is reduced contrast sensitivity.” Since multifocal IOLs tend to produce
lower contrast sensitivity than monofocal IOLs, it is reasonable to hypothesize that multifocal IOLs could result in
diminished stereopsis. However, studies have shown conflicting results. Some have reported that multifocal IOLs provide
equivalent or even superior stereopsis compared to monofocal IOLs, particularly at near distances.”® Despite these
findings, the current literature is limited in scope, often focusing solely on near stereopsis. Consequently, the effect of

IOL type on stereopsis across a range of distances remains unclear.
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Given the importance of stereopsis in daily visual function, these differences have meaningful clinical implications
for IOL selection, particularly for patients with visual demands requiring robust depth perception, such as those engaging
in daily tasks or precise work. Providing evidence on the impact of each IOL type on stereoacuity may help guide clinical
decision-making and improve patient counseling.

In this study, we aimed to systematically evaluate stereopsis at far, intermediate, and near distances in patients with bilaterally
implanted multifocal IOLs and compare the results with those of patients with bilaterally implanted monofocal IOLs.

Materials and Methods

Patients
This retrospective study included 173 patients who underwent bilateral cataract extraction and IOL implantation between
May 2007 and March 2022. All surgeries were performed at the Ohashi Eye Center in Sapporo, Japan. The inclusion
criteria were as follows: (i) absence of ocular pathologies affecting vision, other than cataract; and (ii) a distance best
spectacle-corrected visual acuity (BSCVA) of 20/20 or better (logMAR 0) in either eye. Among the 173 patients, 70
received bilateral multifocal IOL implants, with a targeted refraction of emmetropia. The remaining 103 patients received
bilateral monofocal IOL implants; among these, the targeted refraction was for far distance in 62 eyes, intermediate
distance in 12 eyes, and near distance in 29 eyes. All patients visited our clinic for follow-up between November 2019
and March 2022. The mean ages of the multifocal and monofocal groups were 64.3£8.75 and 73.3+7.76 years,
respectively. Considering that the mean age of the monofocal group was greater than that of the multifocal group, we
selected 36 patients under 70 years of age to form the age-matched monofocal group (mean age: 64.3£5.16 years) and
compared the stereoacuity of this group with that of the multifocal group (mean age: 64.348.75 years).

The study adhered to the tenets of the Declaration of Helsinki. The study protocol was approved by Chukyo Medical’s
ethical review board (UMIN-Clinical Trials Registry ID: UMIN000054667). The opt-out method of consent was used.

Surgical Technique/ IOLs

Phacoemulsification was performed through a clear temporal corneal incision ranging from 2.4 mm to 2.8 mm. All IOLs
were placed in capsular bags. Patients in the multifocal group were implanted with diffractive aspheric trifocal lenses:
AcrySof IQ PanOptix (TFNTO00, Alcon Laboratories, Inc.) or AcrySof IQ PanOptix toric IOL (TFNT30-60, Alcon
Laboratories, Inc). Patients in the monofocal group were implanted with Vivinex XY1 (Hoya Surgical Optics, Inc.),
Clareon CNAOTO (Alcon Laboratories, Inc.), AF-1 YA-60BBR (Hoya Surgical Optics, Inc.), TECNIS 1-Piece VB
ZCBO0OV (Johnson & Johnson), AcrySof IQ TORIC (SN6AT3-7, Alcon Laboratories, Inc.), or Vivinex XY 1A toric IOL
(Hoya Surgical Optics, Inc). To provide further clarity regarding the composition of the monofocal IOL group, details on
the specific IOL models, manufacturers, and their available optical and material properties are summarized in
Supplementary Table 1. When astigmatism correction was required, toric IOLs were implanted based on online

TORIC power calculations.

Statistical Analysis

All statistical analyses were performed using EZR'® (Saitama Medical Center, Jichi Medical University, Saitama, Japan),
a graphical user interface for R (R Foundation for Statistical Computing, Vienna, Austria). It is a modified version of the
R commander designed to incorporate statistical functions frequently used in biostatistics. The Kolmogorov—Smirnov or
Shapiro—Wilk test was used to evaluate the normality of data distribution. The Mann—Whitney U-test was used to
compare uncorrected and corrected visual acuity (VA), spherical power, cylinder power, spherical equivalent power (SE),
and stereoacuity between the multifocal and monofocal groups as well as between the multifocal and age-matched
monofocal groups. The chi-square test was used to compare the proportion of patients with normal stereopsis and those
with poor stereopsis between the groups. The Fisher’s exact test was used to compare the proportion of patients who
could not identify the right cross at the 600 seconds of arc (arcsec) threshold at one or more distances between the
groups. Statistical significance was set at p<0.05.
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Stereopsis Measurement

Stereopsis was evaluated at five different distances: 5 m, 3 m, 0.7 m, 0.5 m, and 0.3 m, using the Binoptometer® 4P
(OCULUS, Inc., Arlington, WA). This device employs an LCD shutter system to present slightly different visual stimuli
to each eye, allowing for binocular stereopsis testing. It features a continuously adjustable optical system that enables
testing across a wide range of distances—from 30 cm to infinity. The brightness of the examination field was
approximately 300 cd/m?. Stereoacuity was measured in arcseconds using the following threshold levels: 600, 400,
200, 100, 80, 60, 45, 30, and 15 arcsec.

The examination started at the 600 arcsec disparity level. In each step, five crosses were displayed, one of which was
designed to stand out from the other four. Patients were instructed to identify the standout cross. If they responded
correctly, the test proceeded to the next finer level. This process continued until the patient failed to identify the standout
cross. If the patient could not identify the correct cross at the 600 arcsec level, stereoacuity was recorded as 700 arcsec,
indicating poor stereopsis. Stereoacuity of 100 arcsec or better (<100 arcsec) was defined as normal.

Eyes in the multifocal group were assessed without correction, whereas those in the monofocal group were corrected
for both far- and near-distance vision. Far-distance vision was corrected using the best possible correction based on
postoperative manifest refraction, and the near-distance vision was corrected with the addition of +3.0 D at 0.3 m, +2.0
D at 0.5 m, and +1.5 D at 0.7 m using the Binoptometer 4P’s built-in lens addition function.

Results
Table 1 shows the patients’ characteristics. The mean time interval between surgery and postoperative stereoacuity
measurements for the multifocal and monofocal groups was 221+183 and 7031047 days, respectively.

The mean stercoacuity values of the multifocal, monofocal, and age-matched monofocal groups were 164+180 arcsec,
249+241 arcsec, and 249+247 arcsec at 0.3 m, respectively; 136+£154 arcsec, 267+240 arcsec, and 260+£259 arcsec at 0.5 m,
respectively; 1284158 arcsec, 258+236 arcsec, and 2494245 arcsec at 0.7 m, respectively; 126+148 arcsec, 226+216 arcsec,
and 2224223 arcsec at 3 m, respectively; and 126130 arcsec, 219219 arcsec, and 2234229 arcsec at 5 m, respectively.
The multifocal group demonstrated significantly better stereoacuity than the monofocal group at every distance (p<0.05),
but when compared with the age-matched monofocal group, the differences were not significant at 0.3 m and 5 m (Figure 1).

The proportions of patients who achieved normal stereopsis (<100 arcsec) in the multifocal, monofocal, and age-
matched monofocal groups were 69%, 58%, and 61% at 0.3 m, respectively; 77%, 52%, and 61% at 0.5 m, respectively;
81%, 54%, and 61% at 0.7 m, respectively; 80%, 60%, and 64% at 3 m, respectively; and 80%, 62%, and 64% at 5 m,
respectively. The proportion of patients with normal stereopsis was significantly higher in the multifocal group than that
in the monofocal group at every distance except at 0.3 m (p<0.05). However, when compared with the age-matched
monofocal group, the differences were not significant at 0.3 m, 0.5 m, 3 m, and 5 m (Figure 2).

The numbers of patients unable to identify the correct cross at the 600 arcsec threshold (indicating poor stereopsis) in
the multifocal, monofocal, and age-matched monofocal groups were two (3%), eleven (11%), and four (11%) at 0.3 m,
respectively; zero (0%), nine (9%), and five (14%) at 0.5 m, respectively; zero (0%), nine (9%), and three (8%) at 0.7 m,

Table | Postoperative Results

Parameter (Mean £ SD) Multifocal Group | Monofocal Group | P value Age-Matched P value
Monofocal Group
UDVA (logMAR) 0.00£0.11 0.23+0.40 <0.001* 0.15+0.38 0.882
CDVA (logMAR) —0.07+0.04 —0.07+0.04 0.786 —0.07+ 0.04 0.821
Spherical refractive error (D) 0.15+0.47 —0.68%1.52 < 0.005* —1.47%1.62 < 0.001*
Cylindrical refractive error (D) —0.73+0.54 —0.74+0.43 0.511 —0.79+0.46 0.19
SE (D) —0.22+0.44 —1.05+1.56 <0.01I* —1.861.66 < 0.001*
Difference in SE between fellow eyes (D) 0.35+0.31 0.34+ 0.27 0.99 0.02+0.39 < 0.001*

Note: * Statistically significant (p< 0.05).
Abbreviations: SD, standard deviation; UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; logMAR, logarithm of the minimum
angle of resolution; SE, spherical equivalent.
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Figure | Mean stereoacuity values in the multifocal, monofocal, and age-matched monofocal groups. *P<0.05, **P<0.01.
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Figure 2 Proportions of patients with normal stereopsis (100 arcsec or better) in the multifocal, monofocal, and age-matched monofocal groups. *P<0.05, **P<0.01.

respectively; zero (0%), five (5%), and one (3%) at 3 m, respectively; and zero (0%), six (6%), and two (6%) at 5 m,
respectively. The multifocal group had a significantly lower proportion of patients with poor stereopsis than in the
monofocal group at 0.5 m and 0.7 m (p<0.05), but when compared with the age-matched monofocal group, the
differences were not significant at 0.3 m, 0.7 m, 3 m, and 5 m (Figure 3). The numbers of patients who could not
identify the correct cross at the 600 arcsec threshold at one or more distances were two (3%) in the multifocal group, 19
(18%) in the monofocal group, and eight (22%) in the age-matched monofocal group. The multifocal group had
significantly fewer patients who could not identify the correct cross at the 600 arcsec threshold compared to the
monofocal and age-matched monofocal groups (p<0.01).

Discussion

Previous studies have posited that stereopsis decreases with age due to reduced contrast sensitivity and neurophysiolo-
gical factors;'""'? however, the exact mechanism remains unknown. We hypothesized that a decrease in contrast
sensitivity, particularly following multifocal IOL implantation, as well as the multifocal nature of these lenses might
adversely affect stereopsis in binocular vision. Therefore, we compared the sterecoacuity between the multifocal and
monofocal groups, which unexpectedly revealed that the multifocal group exhibited better stereoacuity than that of the
monofocal group at all distances. Considering the influence of age on stereopsis, we also compared the stereoacuity
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Figure 3 Proportions of patients with poor stereopsis (700 arcsec) in the multifocal, monofocal, and age-matched monofocal groups. *P<0.05, **P<0.01.

between the multifocal and age-matched monofocal groups and found no significant differences between them at
0.3 m and 5 m. Additionally, the number of patients with normal stereopsis was comparable between the groups. In
contrast, no patient in the multifocal group had poor stereopsis across most distances, whereas the monofocal group had
nearly 10 patients with poor stereopsis at all tested distances. This represents the largest difference observed between the
two groups. These findings suggest that the stereoacuity of older patients presenting with poor stereopsis in the
monofocal group may have influenced the overall mean stereoacuity.

Oki et al’ compared near stereoacuity between patients bilaterally implanted with monofocal IOLs and multifocal
IOLs and reported that the multifocal group without correction exhibited significantly better stereoacuity compared to the
monofocal group without correction. They also noted that the multifocal group contained a slightly higher proportion of
patients with a stereoacuity of 40 arcsec or better when the eyes were corrected for far distance, and the eyes of the
monofocal group were corrected for near distance. They concluded that the multifocal and monofocal groups were
comparable in terms of near stereoacuity. Arens et al® also evaluated near stereoacuity following bilateral implantation of
monofocal and multifocal IOLs, reporting that, without correction, the multifocal group with target emmetropia exhibited
superior stereoacuity relative to that of the monofocal group with slight myopia. Our results showed that the multifocal
group without correction had significantly better stereoacuity than that of the monofocal group.

Hiring et al'® speculated that the Stiles—Crawford effect'® could elucidate the phenomenon whereby eyes implanted
with multifocal IOLs achieved favorable stereoacuity despite the formation of multiple simultaneous retinal images. The
multifocality of these IOLs may operate in a manner analogous to that of natural human lenses, as opposed to monofocal
IOLs, which generate an unnaturally clear image at a single focal point. Ferrer-Blasco et al'” also reported no significant
differences in stereoacuity prior to and following the implantation of multifocal IOLs. In this study, a considerably lower
incidence of poor stereopsis was observed in the multifocal group than in the monofocal group. Given that monofocal
IOLs possess a singular focal point, it is reasonable to presume that patients with monofocal IOLs concentrate solely on
that focal point postoperatively, potentially contributing to a reduction in pseudo-accommodation and stereopsis. In
contrast, multifocal IOLs provide three focal points at far, intermediate, and near distances, allowing patients implanted
with these IOLs to continuously select the preferred focal point among the three options. This daily accommodation to
focus at varying distances may assist in the maintenance of stereopsis.

In this study, stereoacuity was measured with correction in the monofocal group and without correction in the
multifocal group. Patients in the monofocal group were anticipated to perceive each distance more clearly than those in
the multifocal group; however, their stereoacuity did not match that of the patients in the multifocal group. The
Binoptometer’s plus lens function was used to add diopters for distances of 0.3 m, 0.5 m, and 0.7 m, which may have
led to inaccuracies in correction.

Clinically, we have often observed a higher prevalence of exotropia with age among outpatients. Hoshikawa et al'®
conducted a 5-year follow-up study of ocular deviation and stereopsis and reported that a higher incidence of ocular
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deviation transitioning from exophoria to intermittent strabismus or exotropia was observed postoperatively in patients
with a preoperative near exophoria angle exceeding 12 PD, along with a decline in near stereopsis 2 years post-surgery.
This suggests that the gradual decline in stereopsis with age may be attributable to such ocular deviation shifts as well as
a decrease in neural function in the brain.

Several limitations should be acknowledged. One concern relates to the measurement methodology. Numerous previous
studies on stereopsis have utilized different tests to assess far and near stereoacuity, such as the Distance Randot test and the
Titmus test, potentially introducing methodological inconsistencies. In this study, we employed the Binoptometer 4P to
measure stereoacuity across all distances, thereby mitigating inconsistencies associated with using different tools for
different distances. Mengdi et al'” reported that the Binoptometer 4P exhibited moderate consistency with the Titmus test

1820 4nd normative data

and demonstrated sufficient reliability; however, relatively few studies have utilized this device,
remain limited. Additionally, although the Binoptometer 4P’s plus lens function was used to add diopters for distances of
0.3 m, 0.5 m, and 0.7 m in the monofocal group, corrected visual acuity at each test distance was not verified. Thus, it
remains unclear whether all patients achieved optimal clarity, which may have affected stereoacuity outcomes.

Another limitation is the variability in follow-up intervals between the groups. The monofocal group had a longer
average follow-up period, which may have allowed more time for visual stabilization but also introduced subtle ocular
changes that could influence stereoacuity.

A further limitation concerns the composition of the monofocal group, which included a variety of IOL models;
however, all were single-focus designs without multifocal or extended depth-of-focus features. Despite differences in
model and brand, these lenses were similar in their optical function, and all patients achieved a corrected distance visual
acuity of 20/20 or better. In addition, stereoacuity was measured under distance-corrected conditions for each test
distance, which minimized the influence of postoperative refractive targets. Nevertheless, the heterogeneity of the
monofocal IOL group remains a limitation, and findings should be interpreted with caution. Future studies with more

homogeneous control groups are needed to confirm these findings.

Conclusion

In conclusion, patients with bilateral implantation of multifocal IOLs demonstrated superior stereoacuity than those with
bilateral implantation of monofocal IOLs. However, the proportion of patients exhibiting normal stercopsis was
comparably high in both groups after age matching. The most significant difference was that fewer patients with
multifocal IOLs exhibited poorer stereopsis compared to those with monofocal IOLs. These findings suggest that
multifocal IOLs may aid in the maintenance of stereopsis by allowing patients to focus on multiple points across far
to near distances on a daily basis. However, given the heterogeneity of the monofocal IOL group, further research using
more uniform lens types is necessary to validate these findings.

Abbreviations
Arcsec, seconds of arc; IOLs, intraocular lenses; BSCVA, best spectacle-corrected visual acuity; logMAR, logarithm of
the minimum angle of resolution; SE, spherical equivalent power; VA, visual acuity.
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