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Purpose: To evaluate visual and subjective outcomes after bilateral mix-and-match implan-
tation of one-piece diffractive multifocal IOLs in different near add powers (+2.75 D, +3.25
D, +4.0 D).

Setting: Four US clinics.

Design: Prospective, multi-center, parallel comparison clinical study design.

Patients and Methods: Two treatment groups received implantation with either the +3.25
D (ZLBO00) or the +4.00 D (ZMB00) Tecnis® Multifocal 1-piece IOL in their non-dominant
eye, and the +2.75 D (ZKB00) Tecnis Multifocal 1-piece IOL in their dominant eye (Abbott
Medical Optics, Inc., Santa Ana, CA). Each study patient underwent the same routine
cataract extraction procedures for each eye, with the second eye scheduled to undergo
cataract extraction within 7 to 30 days after the 1st eye surgery. Visual and subjective
outcomes were evaluated at 90 days after 2nd eye surgery for the two groups: +3.25D/
+2.75D (n=41) and +4.00D/+2.75D (n=36).

Results: Mean binocular uncorrected distance visual acuities at 90 days postop were 0.02 +
0.082 (+3.25D/+2.75D) vs 0.07 £ 0.128 (+4.00D/+2.75D) (p=0.025). Mean binocular uncor-
rected intermediate visual acuities at 90 days postop were 0.14 + 0.185 (+3.25D/+2.75D) vs
0.26 + 0.261 (+4.00D/+2.75D) (p=0.024). Mean binocular uncorrected near visual acuities at
90 days postop were 0.06 + 0.098 (+3.25D/+2.75D) vs 0.19 + 0.286 (+4.00D/+2.75D)
(p=0.018). Over 88% of patients reported “none” for visual symptoms of glare, halos,
starburst, or other. Freedom from glasses or contacts was reported by groups +3.25D/
+2.75D and +4.00D/+2.75D as follows: distance (95.1% vs 97.1%), intermediate (92.7%
vs 94.1%), and near activities (82.9% vs 64.7%).

Conclusion: At 90 days postoperatively, both groups demonstrated good visual and sub-
jective outcomes; however, differences in near and intermediate outcomes favored the +3.25/
+2.75 IOL combination.

Clinicaltrials.gov Registration: NCT02863159 (08/11/2016).

Keywords: extended range of vision, TECNIS multifocal IOL, ZKB00, ZLB00, ZMBO00,

cataract, blended vision, contralateral, mix-and-match

Introduction

The landscape of IOL technology continues to change rapidly with the evolution of
new IOLs that provide increased range of vision with fewer visual symptoms. The
usage trend of multifocals (MIOLs) has shifted toward low power add MIOLs
owing to good visual performance, particularly in the intermediate range, and
patient satisfaction.' * Mixing different power MIOLs is an emerging trend that
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has shown promising outcomes.*” Previous research has
shown that MIOLs or monovision techniques can provide
patients with good visual acuity at various distances and
spectacle freedom.”'® Mix-and-match of IOLs with dif-
ferent add powers is an approach that has been used to
individualize visual correction.''™"* Combinations of near
add MIOLs and low add MIOLs, such as +4.0 D add and
+2.75 D IOLs have shown good visual acuities for near
and distance performance, however less has been reported
about the combination of +2.75 D with a +3.25 D IOL.'*!>

Patients with unique lifestyle needs can now choose to
combine IOL options to best suit their visual needs.
Johnson and Johnson Vision has developed three multi-
focal 1-Piece IOLs for quality vision at one of three focal
points to address lifestyle needs for near-to-intermediate
distance vision. As new IOLs emerge, it is important to
understand how they can be used to effectively meet life-
style demands. Some patients may spend more time on
near or intermediate activities, whereas others may be
more interested in distance activities.

The objective of the study was to evaluate uncorrected
binocular distance, intermediate and near visual acuities,
and assess spectacle independence and satisfaction after
bilateral mix-and-match implantation of one-piece diffrac-
tive multifocal IOLs in different near add powers (+3.5 D
or +4.0 D) in the non-dominant eye and a low add IOL
(+2.75 D) in the dominant eye.

Patients and Methods

This study was a prospective, multi-center, parallel com-
parison clinical study with two treatment groups. Based
upon the investigator’s discussion with each patient on
their lifestyle visual requirement, the investigator deter-
mined if the patient received the +3.25 D (ZLBO00) or the
+4.00 D (ZMBO00) Tecnis® Multifocal 1-piece IOL in their
non-dominant eye and all patients received the +2.75 D
(ZKB00) Tecnis Multifocal 1-piece IOL in their dominant
eye. Each qualified study patient was sequentially assigned
a patient ID number upon enrollment.

Each study patient underwent standard routine catar-
act extraction procedures for each eye, consisting of
small clear corneal incision, phacoemulsification extrac-
tion surgical technique, with IOL implantation in the
capsular bag. The second eye underwent cataract surgery
within 7 to 30 days after the first eye. In addition, as was
customary for the surgeon (SD, FT, KW, or JW), each
study patient received the same open-label pre-operative,
operative and post-operative medications over the course

of the study period. Intraoperative management of cor-
neal astigmatism was permitted using either arcuate inci-
sion(s) or LRI(s).Patients participated in study visits from
the preoperative visit through Day 90 after the 2nd eye
surgery.

The study was approved by Alpha IRB, San Clemente,
CA, and was conducted in accordance with principles
outlined in the Declaration of Helsinki and GCP. All
patients provided written informed consent. The study
was registered with clinicaltrials.gov (NCT02863159).

Study Criteria

Inclusion criteria were as follows: adults >21 years of age,
male or female, bilateral cataracts with planned phacoe-
mulsification extraction and a posterior multifocal IOL
implantation, willing to have surgery on their 2nd eye
within 7 to 30 days of their 1st eye, postoperative visual
potential of 20/32 or better in each eye, preoperative
corneal astigmatism of <1.5 D in each eye and post-opera-
tive astigmatism target of <0.5 D in each eye, clear ocular
media other than cataract in each eye, normal OCT of the
macula in each eye, naturally dilated mesopic pupil sizes
of >3.5 mm, and able to read, comprehend and willing
give HIPAA & informed consent and complete study
visits.

Enrollment was excluded based on the following cri-
teria: known pathology that could affect visual acuity,
pupil abnormalities, retinal changes that affect vision
(macular degeneration, cystoid macular edema, prolifera-
tive diabetic retinopathy, etc.) in either eye, amblyopia or
strabismus, capsular or zonular abnormalities affecting
of Epithelial
Membrane Dystrophy, keratoconus or significant irregu-

IOL position, evidence Basement
lar astigmatism, history of ocular trauma or prior ocular
or refractive surgery, anticipated surgical intervention
and/or ocular laser treatment prior to or during the
study period, PMMA lens wear within 6 months, gas
permeable lenses within 1 month, extended-wear or
daily soft contact lens within 7 days of surgery, systemic
or ocular medications that could affect vision, uncon-
trolled acute or chronic or systemic disease or illness
that could confound study results, current or recent parti-
cipation (within 30 days) in a drug or other investiga-
tional research study.

Study Endpoints
Study endpoints included visual acuities, safety outcomes,
and subjective outcomes. Visual acuities (VA) were
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measured in logMar and Snellen Equivalent. The ETDRS
Chart was used to measure Distance VA (at 4 meters), and
the ETDRS Near Chart was used to measure Intermediate
VA (at 66.7 cm) and Near VA (at 40 cm). Photopic (85 cd/
m?) and mesopic (3 cd/m?) illumination (for mesopic test-
ing, patients given a minimum of 5 minutes to adapt to
mesopic lighting prior to testing). Patient questionnaires
were administered preoperatively at baseline, and post-
operatively at 90 days and included queries about specta-
cle wear, satisfaction, and function (Figure 1). Visual
symptoms were reported by the patient with possible
responses of none, mild, moderate, or severe. Safety out-
comes were collected over the course of the study includ-
ing the type, severity, duration and frequency of reported
adverse events for each treatment group.

Study Lenses

All three study lenses evaluated in this study shared the
Tecnis Multifocal 1-piece IOL design, but each have a
different add power: +2.75 D (ZKB00), +3.25 D
(ZLBO00), +4.00 D (ZMB00). The +2.75 D IOL favors
long intermediate vision activities at distance of ~50 cm,
the +3.25 D favors intermediate vision activities at ~42 cm
and the +4.00 D IOL favors near vision activities at dis-
tance of ~33 cm (Package Insert Tecnis Multifocal 1-piece
IOLs). All of the IOLs are made of UV-blocking hydro-
phobic acrylic and have a 6.0 mm optic designed with a
biconvex, anterior aspheric surface, and a posterior dif-
fractive surface.

Statistical Analysis

Statistical analyses were performed using JMP 10 (SAS
Institute, Inc; Cary, NC). Differences between mean visual
acuities were calculated using paired #-test and were con-
sidered significant at the 5% level. Descriptive statistics
(ie, mean, standard deviation, etc.) were calculated for all
continuous variables, and frequency distributions provided
for all categorical variables.

Results

Demographics

Patient demographics and baseline characteristics are pre-
sented in Table 1. The study population was predomi-
nantly female (64.6%), Caucasian (93.9%), and averaged
65 years of age. Of the 82 patients who underwent bilat-
eral cataract surgery at baseline, five patients discontinued
the study due to personal reasons (2) or were lost to
follow-up (3). A total of 77 patients completed the 90-
day visit, with IOL distribution as follows: 41 patients
received a +2.75 D in their dominant eye and a +3.25 D
IOL in their non-dominant eye, and 36 patients received a
+2.75 D in their dominant eye and a +4.00 D IOL in their
non-dominant eye.

Visual Acuities

Binocular visual acuities under photopic and mesopic con-
ditions are presented in Table 2. Visual acuities under
photopic and mesopic lighting conditions were similar.
Differences between groups favored the +3.25 group

Patient Questionnaire administered at preoperative baseline and 90 days postoperatively.

= Over the last 7 days, what percent of the day while awake did you perform Distance, Intermediate or Near Activities?

Response options: 0 to 100%

= Over the last 7 days, did you need prescription glasses or contacts for your Distance, Intermediate or Near Activities?

Response options: Yes or No

= During the last 7 days, how well do you FUNCTION WITHOUT using prescription glasses/contacts for Distance,

Intermediate or Near Activities?

Response options: Unable to Function; With Extreme Difficulty, With Difficulty; With Some Difficulty, With No Difficulty

= During the last 7 days, how SATISFIED are you with your OVERALL vision WITHOUT using prescription

glasses/contacts?

Response options: Extremely Dissatisfied, Dissatisfied, Somewhat Dissatisfied, Satisfied, Extremely Satisfied.

= Would you recommend cataract surgery and the implantation of the IOLs you received to a family member or a friend?

Response options: Yes or No

Figure | Patient questionnaires administered preoperatively at baseline and postoperatively at 90 days included queries about spectacle wear, satisfaction, and function.
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Table | Baseline Patient Characteristics

Categories All Patients
n

Age ALL 80* | 65.4 +9.46
(mean yrs + SD) (range 28 to 94)
Gender (%) Female 53 64.6%

Male 29 | 35.4%
Race (%) African- | 1.2%

American

Caucasian 77 | 93.9%

Hispanic 4 4.9%
Patient’s oD 54 | 65.9%
Dominate Eye (%) (ON) 28 34.1%
Ist Surgical oD 37 | 45.1%
Eye (%) os 45 54.9%
Ist IOL ZKBOO (+2.75) | 47 | 57.3%
Implanted (%) ZLBO0O (+3.25) 26 | 31.7%

ZMBO00 (+4.00) | 9 11.0%

Lens Power (D) t | ZKB0O (+2.75) | 82 | 19.60 + 3.926 (7.00

to 20.25)

meanSD (range) ZLBOO (+3.25) | 46 | 19.88 £ 3.191 (8.00

to 20.25)
ZMBO0O0 (+4.00) | 36 19.67 + 4.132 (9.00
to 20.25)
Spherical ZKB00 (+2.75) 82 | -0.92+3.117
Equivalent (D)t
mean+SD ZLB0O (+3.25) 46 | —1.11£2.778
ZMBO0O (+4.00) | 36 | —0.71+2.864
Refractive ZKBO0O (+2.75) 82 | —0.67+ 0.527
Cylindert
mean+SD ZLBO0O (+3.25) 46 | —0.70 + 0.524
ZMB0O0 (+4.00) | 36 | —0.63 +0.533
Axial Lengtht ZKBO0O (+2.75) 82 | 24.03£1.236
mean+SD ZLBO0O (+3.25) 46 | 23.97+1.236
ZMB00(+4.00) 36 | 24.03x1.319
Anterior Chamber | ZKB00 (+2.75) 82 3.26+0.430
Deptht
mean+SD ZLB0O (+3.25) 46 | 3.26+0.352
ZMB00(+4.00) 33 3.30+0.489
Kt ZKB00 (+2.75) 82 | 43.77%1.452
mean+SD ZLB0O (+3.25) 46 | 43.58+1.593
ZMB00(+4.00) 36 | 43.90+1.307
K2+ ZKBO00 (+2.75) 82 | 44.36%1.443
mean+SD ZLB0O (+3.25) 46 | 44.16x1.536
ZMB00(+4.00) 36 | 44.42+1.261

Notes: *data missing for 2 patients. $p>0.05 for ZKB0O vs ZLB0O and for ZKB00
vs ZMBO0O0.

(p=<0.05) across all distances and lighting conditions and
were greater at near and intermediate distances. Overall
mean logMAR UDVA for all patients (n=77) was 0.04 +
0.109 (photopic). Overall mean logMAR UIVA for all
patients (n=77) was 0.19 + 0.230 (photopic). Overall
mean logMAR UNVA for all patients (n=77) was 0.12 +
0.216 (photopic). Binocular best-corrected VA for distance,
intermediate, and near are presented in Table 3. Likewise,
differences between groups favored the +3.25 group
(p=<0.05) across all distances. Cumulative Snellen VA of
20/40 or better was achieved by the majority of patients, for
distance, intermediate, and near. (Figure 2) Cumulative
Snellen VA of 20/20 or better for distance, intermediate,
and near are shown in Figure 3.

Refraction

Refractive outcomes for spherical equivalent and cylinder
improved from baseline to 90 days Refraction remained
stable from preoperative visit to 90 days postoperative
(after 2nd eye surgery). (Figure 4) Mean postoperative
spherical equivalent at Day 90 was 0.18 £ 0.445 (+2.75
D IOL), 0.20 + 0.555 (+3.25 D IOL), and 0.08 + 0.486
(+4.00 D IOL). Mean postoperative refractive cylinder at
Day 90 was: —0.36+0.368 (+2.75 D IOL), —0.40 +0.316
(+3.25 D IOL), and —0.43 +£0.331 (+4.00 D IOL).

Safety

Postoperative examinations by slit lamp, fundoscopic
exam, and corneal topography were within normal limits
with the exception of the following observations that were
considered clinically significant: 7 mm dilated pupil (1),
irregular fovea (1), and posterior capsular opacification
(6). Adverse events occurred in two eyes (+2.75 D IOL
and a +4.00D IOL) treated for Toxic Anterior Segment
Syndrome which resolved without sequelae. The majority
of patients reported no visual symptoms for glare, halos,
starbursts, or other at the 90-day visit, and none of the
patients reported severe symptoms. (Figure 5)

Patient Questionnaire (+3.25 D vs +4.00 D @ 90 Day
Visit)

The majority of patients with +3.25 D or +4.00 D IOLs
indicated they did not require glasses or contacts for dis-
tance, intermediate, or near activities (Figure 6). Most
patients with +3.25 D or +4.00 D IOLs reported being
able to function without prescription glasses/contacts
“With NO Difficulty” for distance (95.1%/85.7%), inter-
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Table 2 Binocular Mean logMAR Uncorrected Visual Acuity, 90 Days Postoperative, Photopic and Mesopic

IOL Group n Photopic Mean (£SD) Mesopic Mean (1SD)
Distance

ZKBO0O0 (+2.75)/ZLB00 (+3.25) 41 0.02 + 0.082 0.02 + 0.077
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.07 £ 0.128 0.08 £ 0.111
ALL PATIENTS 77 0.04 £ 0.109 0.05 + 0.097
Intermediate

ZKBO0O0 (+2.75)/ZLB00 (+3.25) 41 0.14 £ 0.185* 0.14 £ 0.181*
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.26 £ 0.261 0.27 + 0.256
All Patients 77 0.19 £ 0.230 0.20 + 0.227
Near

ZKBO0O0 (+2.75)/ZLB00 (+3.25) 41 0.06 + 0.098* 0.07 £ 0.112*
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.19 £ 0.286 0.20 + 0.279
All Patients 77 0.12+ 0.216 0.13 £ 0216

Notes: p-values (t-test): *p = <0.05; Group [ZKBO0O (+2.75)/ZLB00 (+3.25)] vs Group [ZKB0O0 (+2.75)/ZMB00 (+4.00)].

Table 3 Binocular Best-Corrected Visual Acuity, 90 Days
Postop, Photopic

IOL Group n 90 Days
Mean (1SD)
Distance 41 —0.02 +0.079
ZKB0O0 (+2.75)/ZLB00 (+3.25)
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.02 +0.106
All patients 77 0.00 +0.094
Intermediate
ZKBO0O0 (+2.75)/ZLB00 (+3.25) 41 0.08+0.155*
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.17£0.137
All patients 77 0.12+0.152
Near
ZKBO0O0 (+2.75)/ZLB00 (+3.25) 41 0.02+0.100*
ZKBO0O0 (+2.75)/ZMB00 (+4.00) 36 0.11£0.140
All patients 77 0.06+0.128

Notes: * p-values (t-test): *p = <0.05; Group [ZKB0O (+2.75)/ZLB00 (+3.25)] vs
Group [ZKB0O (+2.75)/ZMB00 (+4.00)].

mediate (92.7%/88.6%), near activities (68.3%/54.3%),
and overall (near to distant) (78.0%/74.3%). Nearly all
patients with +3.25 D or +4.00 D IOL implantations
indicated they would recommend the procedure (100%/
91.2%, respectively). Regarding satisfaction with overall
vision without prescription glasses/contacts, most patients
with +3.25 D or +4.00 D reported being either extremely
satisfied (65.9%/71.4%) or satisfied (22.0%/11.4%).

Discussion
The development of MIOLs with different add powers has
made it possible to combine IOLs to meet individual

vision needs. In this study, we placed a lower add IOL in
the dominant eye and a higher add power lens in the non-
dominant eye. The combination was determined after
reviewing the visual needs of the patient. We found that
visual acuities favored the +3.25 group for near and inter-
mediate (p<0.05) and distance (p<0.05). These IOL com-
binations showed good and comparable results under both
photopic and mesopic lighting conditions. Postoperative
refraction improved and remained stable at 90 days.
Patient responses to the combined IOL approach was
also promising, as patients reported high rates of spectacle
freedom and functionality, especially for distance and
intermediate activities. Only 1 safety event occurred over
the course of the study, and photic phenomena were com-
parable between groups, typically subsiding by the 90-day
visit. Ultimately, nearly all study patients would recom-
mend the procedure to others.

Results from our study are consistent with another
prospective, contralateral study conducted by Yang et al,
in which 20 patients underwent bilateral implantation with
a+ 2.75 D IOL (ZKBO00) in the dominant eye, and +3.25 D
IOL (ZLBO00) in the non-dominant eye.® Mean binocular
UDVA (—0.08 + 0.10), UIVA (0.09 + 0.09), and UNVA
(0.14 + 0.09), with the +3.25 and +2.75 D IOLs at 3-month
postoperatively were similar to our study, although it
should be noted that measurements were made at slightly
difference differences for near (43 cm) and distance (5 m).
Relative to subjective outcomes, their study also found
high rates of satisfaction, freedom from corrective wear
and minimal visual symptoms at 3 months. In addition,

they found improvements in contrast sensitivity from
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Figure 2 Uncorrected Visual Acuity 20/40 or better for distance, intermediate, and near at 90 days postoperatively.
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Figure 3 Uncorrected Visual Acuity of 20/20 or better for distance, intermediate, and near at 90 days postoperatively.

preop to postop. Although our study did not measure
contrast sensitivity, visual acuities under photopic and
mesopic conditions were comparable and similar between
groups.

Another recent study evaluated blended vision in 30
patients with implantation of the Symfony IOL (ZXRO00)
in the dominant eye and a +3.25 D (ZLB00) in the non-
dominant eye.” At 3 months, binocular results showed

excellent uncorrected VA across distances, and very low
incidence of visual symptoms such as glare, halo, and
starbursts. The primary dysphotopsia seen with this study
was halos, and by the 90-day mark, this symptom was
tolerable for an overwhelming majority of study patients.
In our study, the +3.25 D combination provided better
visual acuity at near and intermediate distances compared
with the +4.00 D IOL. This was an interesting finding for
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Figure 4 Spherical Equivalent at baseline and after 2nd eye surgery on Day 30 and Day 90.

near distance, as better near VA might be expected with
the higher add power IOL. One possible explanation for
this phenomenon is the testing distance used in the study
for intermediate (at 66.7 cm) and near (at 40 cm) corre-
sponded more closely to the near points of focus of the
+3.25/2.75 D group (~50 cm/~42cm), as compared with
the +4.00/2.75 group (~33 cm/~42cm). As a result,
patients in the +4.00/2.75 group might have performed
better for near if the testing distance were closer. The
patient questionnaire also reflected increased spectacle
freedom and functionality with the +3.25/2.75 D group
vs the +4.00/2.75 group for intermediate and near activ-
ities. Further study is needed to understand whether this
was possibly due to neuroadaptation, preferred near work-
ing distance, or other patient factors.

A study evaluating IOL implantations with +2.75 D,
+3.25 D, or +4.00 D MIOLs found that patients with lower
add power MIOLs had greater satisfaction, more spectacle
independence, and fewer visual symptoms than those with
+4.00 D add.* Results from the present study showed good
subjective results for both the +3.25 and +4.00 D groups;
however, for some outcomes such as halos, the higher add
power IOL performed similarly or better. Conversely,
patients with the +3.25/2.75 combo reported better func-
tionality and less spectacle wear, as noted above. These
findings are relevant for understanding patient needs and
the corresponding IOL selection.

This study provided results from a prospective, clinic
setting in which a custom approach was taken based on
patient’s visual needs. There are few published outcomes
combining the specific IOLs evaluated in this study. Some
limitations that should be mentioned include the modest
sample size, non-randomization, and lack of a true control.
One option might have been to include a group with
bilateral implant of the same add IOL. Statistically signif-
icant differences were found between the two groups at
far, intermediate, and near distances; however, the modest
sample sizes should be taken into account as study power
was not determined at the start of the study. In terms of
generalizability, the enrollment criteria limited some
chronic or systemic conditions typically seen in everyday
clinical practice, such as diabetes. Future studies in these
populations may be beneficial as these populations may
also desire this type of visual correction.'®

The present study queried patients about visual symptoms
and compared frequency outcomes, but future studies could
evaluate symptoms and functionality with a validated ques-
tionnaire and additional statistical analyses to measure differ-
ences between the groups. Additionally, binocular defocus
curves could be included to characterize the range of focus
with this mix-and-match approach. Findings from this study
may be of interest for patients desiring an individualized
approach to meet lifestyles needs. Future studies should con-
tinue to match evolving technologies with patient needs.
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Figure 5 Visual symptoms reported by patients postoperatively at 90 days after 2nd eye surgery.
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Figure 6 Percent of patients that did not require prescription glasses or contacts
Spectacle Wear at 90 days after 2nd eye surgery.

In conclusion, at 90 days postoperatively, both groups
demonstrated good visual and subjective outcomes, how-
in near and intermediate outcomes

ever, differences

favored the +3.25/+2.75 D combination over the +4.00/
+2.75 D. A mix of varying add power IOLs can be a good
approach for meeting near and intermediate range of

vision needs.
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