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Purpose: To quantify the changes in the binocular defocus curve associated with the
Vivity™ non-diffractive extended vision intraocular lens when the dominant eye was
targeted for emmetropia and the non-dominant eye was artificially targeted for slight myopia
using spectacles.

Patients and Methods: This was a non-interventional research study of the corrected
binocular defocus curve associated with binocular emmetropia (Setting A) and with emme-
tropia in the dominant eye and two different levels of myopia simulated in the non-dominant
eye (—0.50 D, Setting B and —1.00 D, Setting C). Subjects were patients implanted with the
AcrySof® IQ Vivity™ intraocular lens in both eyes 3 to 12 months previously. Using the
defocus data, the percentage of subjects with a continuous 2.5 D range of vision (distance to
40 cm) was calculated for various levels of minimum visual acuity (VA).

Results: Forty subjects were enrolled. The mean spherical equivalent refraction was —0.06
D +0.36 D, with 0.37 D + 0.29 D of refractive cylinder. There was no statistically significant
difference in the mean VA at —0.25 D or at —0.50 D vergences between the test Settings, but
there was a statistically significant difference at all other vergences. Differences were
particularly noticeable at —2.00 D, —2.50 D and —3.00 D, where higher myopia in the non-
dominant eye yielded better binocular VA. A 2.5 D range of functional vision (20/25) was
achieved by 38% of subjects at Setting A, 68% of subjects at Setting B and 85% of subjects
at Setting C. At setting C, all but one subject (39/40, 97.5%) had a 2.5 D range of vision with
a VA of 20/32 or better.

Conclusion: Significant gains in binocular near vision, with only a nominal effect on
distance vision, can be achieved with the Vivity IOL by leaving the non-dominant eye of
patients with 0.50 D or 1.00 D of myopia.
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Plain Language Summary

At the time of cataract surgery many patients would like to reduce their dependence on glasses
for distance, intermediate (computer) or near (reading) work. There are several different options
for patients to consider, including lenses that extend the distance focus so that computer work is
easier, though near vision may not be sufficient for work without glasses. By making one eye a bit
short-sighted, binocular (both eyes) near vision can be improved. The current study was designed
to compare measured vision at distances from far to near when the eyes were both corrected for
good distance vision, and when one eye was made short-sighted, simulated using glasses.
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Results showed that making one eye a little short sighted
with glasses did improve the near vision, as expected, with only
a small change in the binocular distance vision. Having one eye
corrected to be slightly short-sighted may be of interest to
patients who want greater spectacle freedom when this lens is

implanted.

Introduction

Many patients presenting for cataract surgery are inter-
ested in reducing or eliminating their need for spectacles
after surgery. There are numerous options for them to
consider, from bifocal or trifocal intraocular lenses,
to extended depth of focus (EDOF) intraocular lenses,
to a monovision strategy using monofocal intraocular
lenses - correcting the non-dominant eye so that it is
slightly myopic. Some surgeons will use a combination
of these approaches.? The multifocal IOLs, particularly
the trifocals, generally provide the highest likelihood of
complete spectacle independence.*> EDOF lenses are
likely to provide good vision at distance and intermediate,
with slightly worse near vision, but the expectation is that
visual disturbances will be lower with an EDOF IOL
because there are not two (or three) distinct foci.> This
expectation may be in error. Several studies of the
Symfony® EDOF lens (Johnson & Johnson Vision,
Santa Ana, CA) have shown that the visual disturbances
experienced by patients are not significantly different
than for a trifocal IOL.® This may be due to the dif-
fractive nature of this EDOF design. Patients tend to have
more visual disturbances with trifocal IOLs, and the
Symfony EDOF IOL, than with monofocal IOLs.®” The
limitation of reduced near vision with EDOF lenses can
be mitigated by targeting one eye (usually the non-
dominant eye) for slight myopia, but this may introduce
concerns such as an increase in visual disturbances
reported.’

An alternative, non-diffractive, option for extending
the depth of focus of an IOL is using a small aperture,
such as is incorporated into the IC-8 IOL (Acufocus, Inc.,
Irvine, CA).'® This provides a similar effect to “stopping
down” a camera. The IC-8 IOL achieves the objective of
an extended depth of focus, but at the expense of limiting
the light entering the eye. This may be problematic in dim
light conditions — at present, this IOL is generally
implanted only monocularly. Diffractive effects at the
edge of the small aperture will also have some negative
effect on overall visual quality.

Modifying the spherical aberration (SA) of an IOL can
also produce an extended depth of focus effect. Several
different designs incorporating this technology have been
developed, including an “aberration free IOL” that counts
on the naturally occurring corneal SA to produce an EDOF
effect,'’ and an IOL that alternates annular zones of posi-
tive and negative spherical aberration.'? There are limits to
the range of focus that can be produced in this manner, as
higher levels of SA will reduce the overall quality of
vision and result in halos. In addition, corneal spherical
aberration can vary greatly from eye to eye, so a consistent
effect between eyes is problematic.

The AcrySof® IQ Vivity™ IOL utilizes an entirely
different method to produce an extended depth of focus.
Wavefront shaping technology is in common use in indus-
try to alter the wavefront from a light source. For instance,
a laser beam might have a Gaussian intensity profile
(much like a bell curve in statistics) as it exits the laser.
Wavefront shaping can be used further along the optical
path to “square off” this profile, improving the laser’s
ability to etch more sharply, with less rounding at the
edges. Alcon has applied this wavefront shaping concept
to modify the optics of an intraocular lens (X-WAVE™
technology) to produce an extended focal length that also
focuses almost all the light from the IOL in that specific
range. This reduces the potential for visual disturbances
because visual disturbances such as halos are generally
a function of the “unused” light that is not in focus."
Visual disturbances with this non-diffractive extended
vision (NDEV) IOL have been shown to be not statisti-
cally significantly different from a monofocal IOL.'
Intermediate vision was significantly better than can be
achieved with a monofocal IOL. However, as with the
Symfony IOL, the near VA was better than can be
achieved with a monofocal IOL but worse than can be
achieved with a trifocal or bifocal TOL."*

One well established method to improve near vision
with any IOL is to make one eye slightly myopic (mono-
vision); this would typically be applied for IOLs that
provide insufficient near vision (eg, EDOF or monofocal
IOLs). The binocular defocus curve for the Vivity IOL'
suggests that a myopic shift of 0.50D to 1.00D would be
sufficient to provide a mean near visual acuity of 0.1
logMAR (20/25, 0.8 decimal). This appears consistent
with the recommendations of Cochener et al with respect
to the Symfony IOL."> The other EDOF lenses mentioned
above have also been clinically tested in a monovision
modality.
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The purpose of the current study was to determine how
artificially introducing low levels of myopia (with
a spectacle lens) in the non-dominant eye of a patient
bilaterally implanted with the Vivity IOL affects visual
acuity at different vergences, and how the overall range
of vision is affected. This is the first study of its kind with

this lens.

Patients and Methods

This study was a single-arm, non-interventional study of
visual outcomes after successful bilateral implantation of
the Vivity non-diffractive extended vision (NDEV) IOL.
Regional ethics committee approval for the study was
obtained from the Regionale komiteer for medisinsk og
helsefaglig forskningsetikk (REK) Norway, and all sub-
jects signed an approved informed consent document. The
study was non-interventional, so there was no requirement
to register it as a clinical trial. The study was conducted in
accordance with good clinical practice and followed the
tenets of the Declaration of Helsinki. Data are not avail-
able for sharing.

Eligible patients had to have had previous uncompli-
cated surgery with normal outcomes, a best-corrected
binocular and monocular distance visual acuity (VA) of
20/40 (0.3 logMAR) or better and have had surgery
between 3 months and 12 months previously. Subjects
with ocular pathology, previous corneal surgery, or signif-
icant posterior capsular opacity (PCO) were excluded. All
subjects had surgery performed by one surgeon (KGG).
Eyes with both toric and non-toric IOLs were included.
Both eyes of a subject had to meet the inclusion/exclusion
criteria.

Subjects were recruited from the site’s clinical records
from the previous year of surgery and, if they met the
inclusion and exclusion criteria above, they were asked to
participate in two postoperative diagnostic visits between
one and three weeks apart (to reduce the potential effects
of fatigue). Clinical evaluations included the manifest
refraction, and both uncorrected and distance-corrected
visual acuity at distance (4 m), intermediate (66 cm) and
near (50 cm and 40 cm). Uncorrected low contrast visual
acuity at distance was also tested in both photopic and
mesopic conditions and patient reported outcomes were
collected. The M&S Technologies Clinical Trial Suite
(Niles, IL, USA) was used for visual acuity data collec-
tion. Four binocular defocus curves were also collected for
each subject: one with both eyes uncorrected, one with
both eyes corrected for emmetropia, one with the non-

dominant eye corrected to yield —0.50 D myopia and one
with the non-dominant eye corrected to yield —1.00
D myopia. Eye dominance was determined using the
Mile’s test (sighting through a triangular opening formed
by the hands extended to arm’s length). Defocus curves
were tested from +1.00 D to —1.00 D in 0.25D steps, and
from —1.00 D to —3.00 D in 0.50 D steps. Only the defocus
data are reported here; the other clinical results will be
reported elsewhere.

Relevant surgical planning data were extracted from
the subjects’ clinical records. In the majority of cases one
eye was targeted using the least-plus surgical planning
result and the other was targeted using the least-minus
result. One optometrist conducted all testing during the
diagnostic visits. Defocus curve data were collected and
analyzed using an Access database (Microsoft Corp.,
Redmond, WA, USA) customized for the purpose.
Detailed statistical analyses were performed using the
STATISTICA data analysis software system, version 12
(TIBCO Software Inc., Palo Alto, CA, USA). An analysis
of variance (ANOVA) was used to evaluate differences in
VA at the various vergences tested in the defocus curve,
with a significance level based on p < 0.05.

Results

A total 40 subjects were successfully recruited for the study.
Table 1 contains a summary of the relevant demographic and
refractive data. Scheduling issues resulted in several eyes
being evaluated slightly later than one year postop (maxi-
mum 413 days), but this was not considered clinically impor-
tant. There was no statistically significant difference in the
postoperative mean refraction spherical equivalent (MRSE)
or the postoperative refractive cylinder between the toric and

Table | Demographics, Refractive and VA Data (n = 40 Subjects,
80 Eyes)

Age (years) 59 + 8 (48 to 81)

Male/Female 25/15
Days post-surgery 186 + 98 (91 to 413)
Non-toric/Toric 68/12

MRSE (D)

Cylinder (D)

Binocular UDVA
Binocular CDVA
Emmetropia
Non-dominant —0.50 D
Non-dominant —1.00 D

—0.06 + 0.36 (—1.00 to 1.12)
—0.37 + 0.29 (—1.25 to 0.00)
—0.08 + 0.0.07 (—0.18 to 0.12)

—0.11 + 0.05 (—0.20 to 0.00)
—0.07 + 0.06 (—0.18 to 0.04)
—0.05 + 0.07 (—0.20 to 0.04)

Abbreviations: VA, visual acuity; MRSE, mean refraction spherical equivalent; D,
diopter; UDVA, uncorrected distance VA; CDVA, corrected distance VA.
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Figure | Defocus curves, binocular uncorrected and binocular best distance corrected.

non-toric eyes (p = 0.51 and 0.57, respectively). There were
no adverse events identified at any of the diagnostic visits.
Figure 1 shows the mean uncorrected binocular defocus
curve along with the defocus curve when both eyes were
corrected for emmetropia. As can be seen, the curves are
very similar, with the only statistically significant difference
being at Plano distance (vergence of 0.00), where the cor-
rected VA was 0.03 logMAR, or about 1.5 letters, better than
the uncorrected VA (—0.11 vs —0.08, p = 0.04). In both the
corrected and uncorrected state, the binocular mean visual
acuity was 0.1 logMAR (20/25 Snellen, 0.8 decimal) or
better through a vergence range from 0.0 D to —2.0 D,
corresponding to a working range of distance to 50 cm.
Figure 2 shows the binocular corrected defocus curves
for three conditions: i) when the non-dominant eye was
corrected for distance, ii) when the non-dominant eye was
made —0.50 D myopic and iii) when the non-dominant eye
was made —1.00 D myopic; in the latter two cases this was
achieved with a trial frame. There was no statistically

significant difference in the mean VA at —0.25 D or at
—0.50 D between the test conditions, but there was
a statistically significant difference at all other vergences
(positive and negative). Differences were particularly notice-
able at the —2.00 D, —2.50 D and —3.00 D vergences. As
expected, the higher level of myopia in the non-dominant
eye yielded much better binocular visual acuities at these
vergences. Binocular corrected distance vision results
(CDVA) for the three conditions, based on the zero vergence
in Table 1.

a statistically significant difference in the CDVA between

defocus result, are shown There was
the conditions (p < 0.01), but the maximum mean difference
was 3 letters, or just over half a line of logMAR acuity. In all
three conditions the mean binocular CDVA was better than
0.0 logMAR (20/20).

Using the measured VA data at various vergences, the
range of vision provided (from distance to near) could be
determined for each subject. For each level of myopia in
the non-dominant eye (Emmetropia, —0.50 D or —1.00 D)
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Figure 2 Defocus curves by correction of myopia in the non-dominant eye.

the percentage of subjects who had a binocular range of
vision from 0.0 D to 2.5 D (a proxy for vision from
distance to 40 cm) was calculated for several different
acuity limits. Results are shown in Figure 3. As can be
seen, increasing the myopia in the non-dominant eye
yielded significantly more eyes with a 2.5 D range of
vision at each tested level of acuity. For functional (0.1
logMAR, 20/25 or 0.8 decimal) vision, 85% of subjects
with a —1.00 D myopic correction in the non-dominant eye
had a 2.5D range of vision, compared to only 38% of
subjects when both eyes were corrected for emmetropia.
All but one subject (39/40, 97.5%) had visual acuity of 20/
32 or better across that range of vergences.

Discussion

The results here indicate that the binocular defocus
curve, and hence the functional range of vision, for
this NDEV IOL can be significantly improved with
only a modest myopic target in the non-dominant eye

(maximum 1.0 D evaluated here), consistent with the
findings of Cochener for a different EDOF lens.'
Achieving functional near vision with a minimal degree
of ametropia (< 1.50 D) between eyes helps to mitigate
any potential negative impacts on stereo vision, contrast
sensitivity or binocular rivalry, and reduces the potential
for asthenopia if there is strong binocular rivalry or
ocular dominance.'®

Results with this lens and the levels of monovision
tested appear better than were achieved with an aberra-
tion free lens based on spherical aberration that included
a higher level of monovision in the non-dominant eye
(mean —1.38 D)."" The defocus curves with —0.50 D and
—1.00 D in the non-dominant eye both also appear better
than results for the IC-8 small aperture lens with 0.75
D of monovision'’ and the Symfony lens with various
levels of monovision.”'® These results may be in part
a function of the longer range of vision with the Vivity
IOL measured here when both eyes were corrected for
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Figure 3 Percentage of eyes with a 2.5 D range of vision (0.0 D to —2.5 D) by visual acuity cutoff and correction of myopia in the non-dominant eye.

emmetropia. Results in the current study were about one
line better at vergences of —2.0 D and —2.50 D than
those reported in the Vivity Summary of Safety and
Note that
between studies should be interpreted with caution, as

Effectiveness document.'? comparisons
test conditions and measurement procedures can vary.

One of the challenges of this monovision approach,
particularly when the levels of myopia are relatively low
(< 1.0 D), is accurate biometry and IOL planning.
A complicating factor appears to be that formulas may
be slightly less reliable when targeting myopia instead of
emmetropia.'’ Targeting the first eye for emmetropia may
be the best strategy, with the results from that eye influen-
cing the target for the second eye. In this clinic surgeries
are performed bilaterally at the same visit, so that would
not be an option.

There are limitations to the current study. The charts
were varied for the defocus curve testing the testing of
each condition, but the testing order was not random. The
myopia in the non-dominant eye was simulated, so the
effects of the given levels of monovision on subjective
quality of vision and visual disturbances could not be
determined. In addition, the subjects’ longer-term toler-
ance to the different levels of monovision could not be
assessed. These two components can only be evaluated
with subjects whose surgical planning is designed to

leave them with a monovision result. This would be an
important area for future research.

In conclusion, there appear to be significant gains in
binocular near vision that can be achieved with this non-
diffractive extended vision IOL by leaving the non-
dominant eye of patients with a modest level of monovision
(0.50 D to 1.00 D). The relative effect on binocular distance
vision appears nominal, with mean CDVA better than 20/20
and a relative loss of about half a line of logMAR acuity
when the non-dominant eye was corrected for —1.00 D.
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