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Purpose: To compare patient-reported outcomes (PROs) and satisfaction results after multi-

focal intraocular lens (IOL) implantation in three groups: two receiving bilateral implantation

of the same IOL and another undergoing blended vision with two different multifocal IOLs.

Patients and methods: A questionnaire was administered to patients who had undergone

uncomplicated cataract surgery and 2 months of follow-up: the first group underwent

bilateral implantation with Alcon’s AcrySof ReSTOR 3.0 lens (“3.0/3.0,” n=78); the second

group underwent implantation with the ReSTOR ActiveFocus 2.5 or the ReSTOR

ActiveFocus 2.5 toric lens (“2.5 mini-monovision,” n=102); and the third group underwent

implantation with the ReSTOR 2.5 lens in the dominant eye and the ReSTOR 3.0 lens in the

non-dominant eye (“2.5/3.0,” n=89).

Results: Overall PROs and satisfaction was similar among the groups. Refractive outcomes

and accuracy were similar among the groups, but the 2.5 mini-monovision group reported

better intermediate vision. Refractive outcome differences were not meaningful among the

groups and were not a differentiating factor in PROs. Substantially fewer patients in the 2.5

mini-monovision group noticed glare and halo compared with the 3.0/3.0 group (P<0.0001,

chi-square test). No new safety concerns were reported.

Conclusion: The 2.5 mini-monovision results in a higher percentage of patients being

satisfied with intermediate vision than bilateral ReSTOR 3.0 or blended vision with

ReSTOR 2.5/3.0 implants, but overall PRO differences were not statistically significant.

Keywords: mini-monovision, AcrySof ReSTOR, cataract surgery, spectacle independence,

glare, multifocal intraocular lens

Introduction
Cataract extraction and intraocular lens (IOL) implantation is currently the most

common surgical procedure performed in the United States;1 cataract affects

upwards of 22 million Americans.2 Both the safety and efficacy of the procedure

are well established, as is the improvement in overall quality of life.1,3

The commercial introduction of devices such as smartphones, tablets, and laptop

computers has driven patient demands for spectacle independence across all ranges

of distance, not just the traditional distance vision. In response, today’s cataract

surgery is often equal parts refractive procedure and vision restoration, and various

IOLs have been introduced to address patient demands. Multifocal IOLs have been

found to provide patients with better overall visual acuity (VA) in intermediate and

distance and greater spectacle independence at near than monofocal IOLs,4,5 even
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when reports of glare are higher in a multifocal IOL

group.4 Multifocal IOLs are also considered cost-effective

for patients who want a better chance at being spectacle-

free.6 Cochener et al7 conducted a meta-analysis on the

clinical outcomes of different multifocal IOLs and found

an apodized, diffractive IOL (AcrySof® IQ ReSTOR®;

Alcon Laboratories, Inc., Fort Worth, TX, USA) produced

better uncorrected distance and near VA (UCDVA and

UCNVA, respectively) than others, but did not comment

on intermediate vision. Diffractive IOLs have a reported

1.75 times greater likelihood of spectacle independence

than other multifocal IOLs.5 In their meta-analysis, Cao

et al found multifocal lenses provided better near and

intermediate vision (both corrected and uncorrected).8

However, patient-reported outcomes (PROs) have sug-

gested more frequent dysphotopsia and worse contrast

sensitivity, especially with low light or glare, with multi-

focal IOLs than with monofocal lenses.4,8–13 Glare and

halo, caused by the transition zone between the diffractive

steps, have been reported to cause patient dissatisfaction

with multifocal lenses.9,12

IOLs with a decreased near addition (add) dioptric

power have been suggested as a potential remedy for

these unsatisfactory PROs. The AcrySof IQ ReSTOR

+2.5 D multifocal lens has been designed to allow better

uncorrected intermediate vision and reduce glare and halos

compared with previous, higher-add models.11,14–20 This

lens was designed for patients who want to participate in

activities requiring more intermediate (53 cm/21 in) and

distance (4 m/13 ft) vision,21 and the lens is intended to

result in a lower incidence of glare because the central

optic is designed for distance. A similar lens, the AcrySof

IQ ReSTOR +3.0 D was designed for patients who desire

a broad range of vision from 16 inches (40 cm) to

distance.22 In a 6-month postoperative survey of AcrySof

IQ ReSTOR +3.0 D recipients, most reported “none/mild”

difficulty with night vision, including glare and halos, but

13–14% of patients reported “severe” glare/flare, night

vision issues, or halo).21

To date, patient-reported satisfaction beyond glare/halo

has not been described after implantation with either the

ReSTOR +2.5 D or the ReSTOR +3.0 D when implanted

bilaterally or in blended vision, in which the ReSTOR

+2.5 D would be implanted in the dominant eye. This

study was designed to assess whether satisfaction rates in

PROs would be higher with bilateral or blended implanta-

tion of these two lenses. Secondary outcomes included the

refractive accuracy and the incidence of glare and halos.

Materials and Methods
This study was a prospective analysis of PROs and satisfac-

tion among patients undergoing cataract surgery who had

been implanted between 2 and 24 months previously with

AcrySof IQ ReSTOR multifocal IOLs in both eyes. This

study was conducted under the supervision of Aspire IRB

(Santee, California) under protocol ID ALC-37193973 fol-

lowing the guidelines of the Declaration of Helsinki and with

participants consenting to enroll with a verbal consent pro-

cess through a scripted in person or telephonic interview. The

“2.5 mini-monovision” group was implanted with the

AcrySof IQ ReSTOR ActiveFocus +2.5 D or AcrySof IQ

ReSTOR ActiveFocus +2.5 D add toric implant bilaterally,

with the dominant eye targeted for emmetropia and the non-

dominant eye targeted for −0.5 sphere. The “2.5/3.0” group

was implanted with the AcrySof IQ ReSTOR ActiveFocus

+2.5 D add implant in the dominant eye and the AcrySof IQ

ReSTOR +3.0 D add multifocal lens the nondominant eye.

The “3.0/3.0” group was implanted bilaterally with the

AcrySof IQ ReSTOR +3.0 D add multifocal IOL, targeting

emmetropia. Data collection for the 3.0/3.0 group had been

completed several months previously as part of another study

but was identical in all aspects to the selection criteria and

questionnaire methodology of the other two groups.

All eyes underwent phacoemulsification cataract sur-

gery using either a manual or a femtosecond laser-assisted

technique, with a target refraction as close to plano as the

available lens powers allowed, erring on the side of the

first myopic lens choice when necessary. The nondominant

eye of patients in the 2.5 mini-monovision group under-

went either manual or femtosecond laser-assisted phacoe-

mulsification but had a prespecified target refraction, as

mentioned previously.

Each of the authors’ clinics establishes ocular domi-

nance by having subjects hold a small aperture at arm’s

length while fixating on a distance visual target. Bringing

the aperture closer to the eye, the examiners determined

their preferred (dominant) eye.

Patients were excluded if they had significant ocular

pathology that could alter their perception of the outcome

of surgery, or if they had more than grade 1 posterior capsule

opacity (PCO). All aspects of this study were conducted

under the surveillance of Aspire Institutional Review Board

(Santee, CA, USA) following the principles of the

Declaration of Helsinki. Patients were asked to complete an

electronic questionnaire, assisted by a research staff member

if necessary, that evaluated their satisfaction with the surgery
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and with their spectacle independence. (See supplemental

information for the questionnaire) Objective outcomes

included final refraction, bilateral best-corrected visual

acuity (BCVA) on a Snellen chart across all distances, and

presence of PCO (if any).

PRO Questionnaire
This PRO questionnaire (MDBackline, Laguna Beach,

CA, USA) was specifically developed and validated by

covariance analysis in multiple studies that evaluated the

satisfaction, spectacle independence, and effect of

unwanted visual phenomena of patients who have under-

gone cataract surgery with presbyopia-correcting lenses.

The assessment and validation of these subjective out-

comes differentiate this questionnaire from the National

Eye Institute Visual Function Questionnaire-14 (VF-14

QOL) and other general-use visual function question-

naires. This questionnaire has been in routine use in the

authors’ practices (and in other U.S.-based cataract prac-

tices) since 2014; results generated from this questionnaire

have been used in other studies as well.23,24

As noted above, patients had been implanted between 2

and 24 months previously before being asked to complete the

questionnaire. In this study, patients were contacted between

2 and 24 months following uncomplicated, bilateral cataract

surgery with the specified lenses to complete the question-

naire instrument by each of the authors’ clinic staff.

Results
Demographics
A total of 349 patients were recruited. Of these, 269 patients

satisfied the inclusion and exclusion criteria and were

enrolled in this study, with 102 patients in the 2.5 mini-

monovision group, 89 patients in the 2.5/3.0 group, and 78

patients in the 3.0/3.0 group. Mean age was 71±8.1 years

(range 35–91 years) in the 2.5 mini-monovision group, 72.1

±7.6 years (range 52–99 years) in the 2.5/3.0 group, and 74.1

±6.7 years (range 58–89 years) in the 3.0/3.0 group; these

differences were not statistically significant (P=0.77).

The mean time from the latest surgery to the date of the

evaluation was also similar between groups: 4.2±2.6

months (range 2–14 months) in the 2.5 mini-monovision

group, 3.9±3.5 months (range 2–10 months) in the 2.5/3.0

group, and 3.6±3.3 months (range 2–24 months) in the 3.0/

3.0 group. Femtosecond laser-assisted cataract surgery was

performed in 57 patients (56%) in the 2.5 mini-monovi-

sion group and 18 patients (22%) in the 2.5/3.0 group. No

patients in the 3.0/3.0 group had femtosecond laser

surgery.

Patient Satisfaction
No statistically significant differences were noted in overall

satisfaction among the groups, with “very satisfied” being

reported in 74.5% of the 2.5 mini-monovision group, 74.1%

of the 2.5/3.0 group, and 73.0% of the 3.0/3.0 group

(Figure 1, P<0.67, Mann–Whitney U-test). Most patients

responded they would be “very likely” to choose the same

lenses again: 78% in the 2.5 mini-monovision group, 60% in

the 2.5/3.0 group, and 62% in the 3.0/3.0 group (P<0.58,

Mann–Whitney U-test). Most patients responded they were

“very likely” or “somewhat likely” to refer friends and family

for the same procedure: 96% of the 2.5 mini-monovision

group, 88% of the 2.5/3.0 group, and 85% of the 3.0/3.0

group (P<0.62). Conversely, four patients (4%) in the 2.5

mini-monovision group, 4 patients (4%) in the 2.5/3.0 group,

and two patients (3%) in the 3.0/3.0 group reported they were

either “very” or “somewhat” dissatisfied with their vision.

Qualitative analysis of free-text responses from patients who

reported dissatisfaction showed that dissatisfaction was gen-

erally related to the need for reading glasses in the 2.5 mini-

monovision group and with unwanted visual phenomena

(glare/halos) in the 2.5/3.0 and the 3.0/3.0 groups, with
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Figure 1 Overall patient satisfaction. No differences were statistically significant

(P<0.67 for very satisfied, Mann–Whitney U-test).
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some patients describing ocular surface discomfort or other

complaints not related to the implant choice itself.

Spectacle Independence
Overall spectacle independence (all activities combined) was

similar among the groups, with some notable differences.

The 2.5 mini-monovision group had significantly fewer

patients reporting needing glasses “frequently or always,”

(11%), compared with 34% in the 2.5/3.0 group and 29%

in the 3.0/3.0 group (chi-square test P<0.002 vs 3.0/3.0 and

P<0.0001 vs 2.5/3.0). Also, significantly more patients in the

2.5 mini-monovision group reported a need for glasses

“sometimes or rarely” (53%) compared with 35% in the

2.5/3.0 group and 36% in the 3.0/3.0 group (Figure 2, chi-

square test P<0.02 vs 3.0/3.0 and P<0.01 vs 2.5/3.0). Other

differences were not statistically significant.

When spectacle independence was separated by activity, a

significant difference was found in the need for spectacles for

intermediate vision (computer use), with none of the patients

in the 2.5 mini-monovision group needing spectacles, com-

pared with 18 patients (20%) in the 2.5/3.0 group and 27

patients (35%) in the 3.0/3.0 group (Figure 3, P<0.0001 by

chi-square test for between-group comparison). No other sta-

tistically significant differences were noted in spectacle inde-

pendence by activity between the groups. One patient in the

2.5 mini-monovision group did not provide responses to over-

all spectacle independence and two did not provide responses

to spectacle independence by activity. If all patients in that

group had responded, the P-values would not have changed.

Glare and Halos
Patients in the 3.0/3.0 group reported significantly more glare

and halos around lights in mesopic situations than patients in

the other groups (Figure 4). These differences were statisti-

cally significant (P<0.0001, chi-square test for “extremely

bothersome”). Glare/halo symptoms were rated as “extre-

mely” bothersome by one patient (1%) in the 2.5 mini-mono-

vision group, by three patients (3%) in the 2.5/3.0 group, and

by nine patients (12%) in the 3.0/3.0 group. Fifty-six percent

(56%) of patients in the 3.0/3.0 group labeled glare and halo as

bothersome “a fair amount,” “very much,” or “extremely”

compared with 29% in the 2.5/3.0 group and 26% in the 2.5

mini-monovision group. These differences were statistically

significant (P<0.0001, chi-square test).

Refractive Accuracy and BCVA
Refractive accuracy was available in 94 (92%) of patients in

the 2.5 mini-monovision group, 72 (81%) in the 2.5/3.0 group,

and all 78 (100%) in the 3.0/3.0 group. Refractive accuracy

was similar in all three groups at 1 month; 74 (79%) patients in

the 2.5 mini-monovision group, 46 (64%) patients in the 2.5/

3.0 group, and 55 patients (71%) in the 3.0/3.0 group were

within 0.5 D of the refractive target spherical equivalent.

These differences were significantly different between the

2.5 mini-monovision and 2.5/3.0 groups (P<0.05, Student’s

t-test). Other differences, including being within 1.0 D of the

refractive target spherical equivalent, were not statistically

different at 1 month, as more than 90% in all groups reached

that target: 93 (99%) patients in the 2.5 mini-monovision

group, 67 (93%) patients in the 2.5/3.0 group, and 73 (94%)

patients in the 3.0/3.0 group (P>0.46, Student’s t-test).

BCVA at 1 month was similar between groups and not

statistically significant (Figure 5). BCVAof 20/40 or betterwas

achieved in all patients with available data in all three groups.

Subgroup analysis of patients who underwent femtose-

cond laser-assisted cataract surgery versus manual phacoe-

mulsification did not reveal any statistically significant

differences for any of the outcome measures reported above.

Discussion
This study evaluated patients implanted bilaterally with multi-

focal lenses to determine the patient-reported satisfaction and

outcomes. Glare and halo are well-reported common and

bothersome adverse effects of cataract surgery,13,25,26 are

much more likely to occur with multifocal lenses than with

monofocal lenses,26 and are leading causes of patient-reported

dissatisfaction in the postoperative period. (Another cause is

29%
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Figure 2 Overall spectacle independence (all activities). Patients with 2.5 mini-

monovision were significantly more likely to need glasses “sometimes/never”

instead of “frequently/always” compared with patients in the 2.5/3.0 and 3.0/3.0

groups (P<0.03, chi-square test).
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postoperative need for spectacles for intermediate and/or near

tasks.4) Since the introduction of multifocal IOLs, technology

improvements have substantially reduced these adverse

effects, but moderate glare has still been reported in about

21% of patients implanted with earlier iterations of the

ReSTOR lenses.26

This study provides a comparison of PROs between a

group of patients implanted with two newer multifocal

IOLs with different near adds (+2.5 D and +3.0 D) and a

group of patients implanted bilaterally with one of those

lenses (+3.0 D) who answered a patient questionnaire. We

found the combination group had generally similar satis-

faction and outcomes than the bilaterally implanted group,

but significant differences were found for spectacle inde-

pendence during computer use that favored the 2.5 mini-

monovision group.

Our results are similar to other studies; Vingolo et al

found better near vision was reported after bilateral

ReSTOR +3.0 D than ReSTOR +2.5 D, but both groups

reported overall good performance.27 Shah et al reported

patients who received either a toric or non-toric ReSTOR

lens had significantly higher rates of improved uncorrected

near and distance VA, and much higher scores for spectacle

independence, than those implanted with a monofocal lens.4

The concept of blended vision is not novel; when

multifocal lenses were first introduced, cataract surgeons

reported on the technique as a means of achieving their
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Figure 3 Spectacle independence by activity. Patients in the 2.5 mini-monovision group had significantly greater independence from glasses for computer use (P<0.0001, chi-
square test) but a greater need for reading glasses, although this difference was not significant (chi-square test).
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severe in patients in the 2.5/3.0 and 2.5 mini-monovision groups, compared with the

3.0/3.0 group (aP<0.0001, chi-square test).
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desired visual outcomes.28–31 However, little has been

written about the technique with newer multifocal IOLs.

Bilbao-Calabuig et al29 investigated the visual outcomes

between blended vision with the ReSTOR +2.5 D and +3.0

D compared with the bilateral implantation of a trifocal.

That study concentrated on objective visual outcomes

rather than patient-reported satisfaction survey results.

Others have reported on objective visual outcomes with

the ReSTOR +3.0 D and found better intermediate vision

than higher-add lenses without losing distance or near

vision gains.32,33

More recently, Nuijts et al34 reported on bilateral

implantation with the ReSTOR +2.5 D and the combina-

tion of the ReSTOR +2.5 D in the dominant eye and the

ReSTOR +3.0 D in the nondominant eye. They concen-

trated on clinical visual outcomes, finding the bilateral

group had similar distance and intermediate vision, but

the mixed group had better near distance.34

Our study is the first to document patient-reported

satisfaction and refractive outcomes using blended

ReSTOR +2.5 D and ReSTOR +3.0 D compared with

bilateral implantation with ReSTOR +3.0 D or ReSTOR

+2.5 D mini-monovision. Although refractive accuracy

was comparable among the groups, PROs were greater in

the +2.5 mini-monovision group, including sometimes/

rarely needing spectacles. In our study, none of the

patients in the 2.5 mini-monovision group needed reading

glasses for intermediate vision (ie, computer viewing),

compared with 20% in the 2.5/3.0 group and 35% of the

3.0/3.0 group who needed spectacles to view a computer.

Our results support the findings of others on intermediate

vision. Pedrotti et al35 reported on bilateral implantation of

the ReSTOR +2.5 D and ReSTOR +3.0 D and found

ReSTOR +2.5 D had better intermediate vision and better

quality of vision than ReSTOR +3.0 D.

Further, the published defocus curves for these two

lenses21,22 suggest that mixed implantation would have

complementary effects on the range of uncorrected vision;

the defocus zone of poorest Snellen acuity with the

ReSTOR +3.0 D — between −1.00 and −2.00 D of defo-

cus — corresponds to the zone of best Snellen acuity with

the ReSTOR +2.5 D lens.

Our results seem to support those findings, in that our

combination group also reported better quality of vision

with less glare and halos than the bilaterally implanted

ReSTOR +3.0 D group. However, our 2.5 mini-monovi-

sion group had the least bothersome glare and halo.

There are some possible explanations for the difference

in patient-reported satisfaction and outcomes. First, the

ReSTOR +2.5 D has a central optic that is focused for
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Figure 5 BCVA at 1 month. No differences were statistically significant (P>0.05, chi-square test).

Abbreviation: BCVA, best-corrected visual acuity.
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distance, which differentiates the lens from other multi-

focal IOLs. The lens design may possible have provided

for fewer unwanted adverse effects when implanted in the

dominant eye, as evidenced from our 2.5 mini-monovision

group results. In our blended vision group, however, it is

unclear if the same results would be achieved if the

ReSTOR +2.5 D had been placed in the nondominant

eye while the ReSTOR +3.0 D was placed in the dominant

eye.

Trifocal lenses currently available in Europe should

soon be available in the United States. Their presence

may shift surgeons from mixing current multifocal IOLs

toward bilateral trifocal implantation. However, many sur-

geons will adopt these new technologies slowly and will

use the lenses described in this study in the meantime. The

subjective results from this study may also serve as a

useful baseline for comparison of subjective results from

new implants.

This study does have some limitations. Although sta-

tistical significance was reached in PROs when differences

were found between the groups, our sample size was

small. To the authors’ knowledge no other validated ques-

tionnaire is available that evaluates postoperative

unwanted visual phenomena as well as spectacle indepen-

dence and satisfaction in a post-cataract population. We

did not query patients on dry eye, which may affect PROs.

We would expect with similar age populations and a larger

sample size that those confounding factors would be com-

parable between groups. Similarly, any patient who pre-

sented with PCO of more than grade 1 was excluded from

this study, which eliminated high PCO as a confounder.

Therefore, our results may not necessarily be extrapolated

to a greater population.

These limitations are more than offset by the advan-

tages of the study findings. This study is the first to

compare PROs in a “mix-and-match” surgical approach

of the same lens (with different adds) to a bilateral

approach with each of the same lens adds. With the goal

of ensuring patients are highly satisfied after premium lens

implantation, our results may help other surgeons in their

IOL planning.

Conclusion
For patients undergoing either mini-monovision or combined

IOL implantation with the ReSTOR +2.5 mini-monovision

and ReSTOR+2.5/3.0, overall PROs are similar to patients

undergoing ReSTOR 3.0/3.0 bilateral surgery and favor

mini-monovision for intermediate vision.
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