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Purpose: To assess the visual outcomes and quality of vision of patients receiving the AcrySof® IQ Vivity™ non-diffractive extended
vision intraocular lens (NDEV IOL) after uneventful cataract surgery when the non-dominant eye is targeted for slight myopia.
Design: Single site, prospective, single-arm study.
Methods: Eligible subjects interested in reducing their dependence on spectacles over a range of working distances were enrolled and
followed for 3 months after the second eye surgery. Subjects were bilaterally implanted with this NDEV IOL, with a target of emmetropia in
the dominant eye and a myopic refraction of −0.75D in the non-dominant eye. At 3 months postoperative, the uncorrected and distance-
corrected (with monovision) visual acuity at 40 cm, 66 cm and 4 mwere recorded, along with the manifest refraction. Questionnaires related
to spectacle independence, patient satisfaction and quality of vision were also administered.
Results: Data from 33 subjects were analyzed. The mean difference between eyes by subject was 0.80 ± 0.37 D. Twenty-nine of 33 (88%)
subjects had a binocular uncorrected near VA of 0.2 logMAR or better. Twenty-five of 33 eyes (76%) had a binocular distance-corrected
(−0.75 D in the non-dominant eye) VA of 0.2 logMAR or better at all three test distances. Satisfaction with vision at all distances was high.
The reported level of spectacle independence was higher than for the same lens without monovision. Visual disturbances were higher than
has been previously reported for this lens but were not correlated to the level of monovision.
Conclusion: A target of −0.75 D of myopia in the non-dominant eye of patients bilaterally implanted with this NDEV IOL improved
near vision, increasing the rate of spectacle independence in patients relative to those targeted for bilateral emmetropia, with no
correlated increases in visual disturbances.
Keywords: wavefront shaping, spectacle independence, presbyopia correction, EDOF, extended depth of focus, extended depth of
vision, non-diffractive, monovision

Plain Language Summary
Patients who are having cataract surgery may be interested in reducing their need for glasses at one or more working distances. One alternative
to provide good vision at distance and intermediate (eg, for computer viewing) is an extended depth of vision intraocular lens (IOL). Such an
IOL can “stretch” the focal length of the eye to provide the ability to see at arm’s length, while avoiding the visual disturbances that can be
associated with other IOLs that “split” light to provide different focal points. The primary interest in our study was whether subjects implanted
with one such an IOL could have functional near vision if one eye were corrected to be slightly short-sighted. Results indicated that near vision
could be improved with this approach, with no increase in expected visual disturbances.

Introduction
Patients presenting for cataract surgery today have a wide range of intraocular lens (IOL) options to consider, depending
on their relative desire for spectacle independence and their tolerance for potential visual disturbances. Bifocal and
trifocal IOLs have been shown to provide better near vision than options such as extended depth of focus (EDOF) or
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monofocal IOLs.1,2 Some authors have found a higher likelihood of visual disturbances with multifocal IOLs relative to
previously studied EDOF lenses,2 though others report no difference.3,4 Previous EDOF and multifocal IOLs have been
associated with higher rates of visual disturbances than monofocal IOLs.1,5

A commonly used option for increasing the visual range of a patient is to make one eye slightly myopic (monovision).
Considerable research on monovision was conducted when monofocal contact lenses were widely adopted.6–8 Evidence
suggested that anisometropia of up to 2.5 D could be tolerated by some patients, but the level of acceptance of
monovision decreased with the magnitude of the anisometropia.6 Monovision with contact lenses is easily reversible,
which is not the case with surgical procedures such as LASIK or cataract surgery. Perhaps for this reason the level of
monovision generally targeted in LASIK has been around 1.50 D, to reduce the potential for non-adaptation.9,10

Monovision has also been successful as an option for cataract patients, though again the target refraction of 1.0 to 1.5
D of myopia is recommended, to reduce the potential for unwanted visual symptoms.11,12 With a monofocal IOL this
level of monovision correction may not be sufficient to provide functional near vision. However, using an EDOF lens
with a monovision correction is expected to address this, as the IOL effect and monovision offset will have a cumulative
effect.

There are a number of different approaches to creating an EDOF IOL.13 Spherical aberration can be incorporated into
the IOL design, but this approach can be confounded by the wide range of existing spherical aberration in the population,
and pupil size, making outcomes potentially more variable.14,15 Another approach is the use of diffractive elements to
produce the EDOF effect, but there may be little advantage to such an IOL design relative to a diffractive multifocal;
visual disturbances may not be any lower, though near vision would be compromised.16 A third approach involves using
a small aperture to extend the depth of focus, a common technique in photography.17 This approach may significantly
limit the light entering the eye, so it is often used in only the non-dominant eye of patients.

A relatively recent innovation, the AcrySof® IQ Vivity™ IOL, incorporates a unique wavefront shaping technology to
produce an extended depth of focus.18 It does not incorporate diffractive elements, or rely on small aperture technology,
to modify the wavefront so it can be considered a non-diffractive extended vision (NDEV) IOL. The rates of visual
disturbances with this NDEV IOL appear similar to those for a monofocal IOL.19 In clinical trials the intermediate and
near vision were significantly better than for a monofocal IOL, but near vision was not as good as can be achieved with
a multifocal IOL.19

The binocular defocus curve for this NDEV IOL19 suggests that a myopic shift of 0.75 D in one eye might be
sufficient to provide better near vision to patients relative to bilateral emmetropia. A recent study of spectacle-based
monovision in patients bilaterally implanted with this IOL corroborates this finding.20

The purpose of the current study was to determine how targeting a low level of myopia (0.75 D) in the non-dominant
eye of subjects bilaterally implanted with this NDEV IOL affected visual acuity and range of vision, spectacle
independence, quality of vision and satisfaction.

Methods
This was a prospective single-arm study of the visual outcomes and quality of vision associated with bilateral implanta-
tion of this NDEV IOL with a target of slight myopia in the non-dominant eye. The study was approved by an
appropriate institutional review board (Salus IRB, Austin, TX) and registered with clinicaltrials.gov (NCT04482439).
The study was conducted in accordance with the tenets of the Declaration of Helsinki and Good Clinical Practice. All
subjects signed an appropriate informed consent document before being admitted to the study. Data are not available for
sharing.

Eligible subjects were patients ≥40 years of age presenting for cataract surgery who were interested in reducing their
dependence on spectacles at all distances, and who were deemed appropriate candidates for extended depth of focus
(EDOF) lens implantation. All subjects had to meet the requirements for on-label implantation of the IOL in both eyes,
with good ocular health and no pathology that would compromise visual acuity (outside of refractive error and cataract).
Corneal astigmatism had to be regular and have a magnitude that could be treated with a toric or non-toric IOL. Potential
acuity measured before surgery had to be 20/32 (0.2 logMAR) or better in both eyes. Eyes with prior corneal refractive
surgery, macular pathology, diabetic retinopathy or previous anterior or posterior chamber surgery were excluded.
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Surgical planning and IOL power calculation were performed using the surgeon’s preferred method, using the
manufacturer’s a-constant from the packaging. When a toric IOL was used, planning was performed with the Alcon
Barrett Toric calculator, which takes the effects of posterior corneal astigmatism into account. All subjects had cataract
surgery with bilateral implantation of this NDEV IOL, using the surgeon’s usual standard of care with regard to surgical
treatment and intraoperative/postoperative medication. Mile’s test was used to determine eye dominance. The dominant
eye was targeted for emmetropia while the non-dominant eye was targeted for a myopic refraction close to −0.75
D. Surgical findings were recorded and any adverse events/serious adverse events (AEs/ SAEs) occurring during surgery
were noted. Subjects whose surgery was not completed successfully were monitored for safety, but clinical performance
data were excluded from the analysis.

The measure of primary interest was the binocular distance-corrected near (40 cm) visual acuity 3 months post-
operative. In this context, distance-corrected means the dominant eye corrected for emmetropia and the non-dominant
eye corrected to −0.75 D of myopia. Other measures of interest were the manifest refraction, the uncorrected and
distance-corrected binocular VAs at 66 cm and 4 m and the uncorrected VA at 40 cm. All vision testing was performed
using the Clinical Trial Suite from M&S Technologies (Niles, IL, USA). Spectacle independence was measured using the
Patient Reported Spectacle Independence Questionnaire (PRSIQ).21 Patient satisfaction and quality of vision question-
naires were also administered. The Intraocular Lens Satisfaction (IOLSAT) questionnaire is a proprietary Alcon
questionnaire that asks subjects about how well they see at various distances in bright and dim light. The
Questionnaire for Visual Disturbances (QUVID) is also a proprietary Alcon questionnaire, and asks patients about the
frequency, severity, and degree of bother of various visual disturbances such as glare, halos, and starbursts. These
questionnaires were used in the study conducted to obtain FDA approval of the lens. All subjects were monitored for
adverse events at all visits.

Results
Thirty-five subjects were successfully recruited for the study, with one lost to follow-up and one unable to complete the
study due to an unrelated illness; results for 33 subjects were available for analysis. There were 21 females and 12 males
in the data set, with an average age of 70.0 ± 5.5 years (range 57 to 80). The average IOL sphere power was 21 ± 2
D (range 16.5 to 25.0). Thirty-eight of the 66 implanted lenses (58%) were non-toric. There were no reported adverse
events. Refractive results and visual acuity results were not statistically significantly different by type of IOL (toric or
non-toric, p > 0.11 in all cases).

The distributions of the monocular refractive results for the emmetropic and monovision eyes are shown in Figure 1. The
average mean refractive spherical equivalent (MRSE) was significantly different between the eye groups (0.01 ± 0.31 D in the
emmetropic eyes vs −0.74 ± 0.39 D in the monovision eyes, p < 0.01). The mean difference between eyes by subject was 0.80 ±
0.37 D, with a range of 0.25 to 1.625 D. While not shown, the mean refractive cylinder was 0.42 ± 0.30 D (range 0.0 to 1.25 D),
with no statistically significant difference between the emmetropic and monovision eyes (p = 0.77).

The uncorrected visual acuity by target refraction and test distance is shown in Figure 2. While not shown, the
corrected distance visual acuity (CDVA), with the monovision eye corrected to −0.75D, was statistically significant lower
in the monovision eye (0.02 ± 0.07 logMAR in the emmetropic eye vs 0.17 ± 0.15 logMAR in the monovision eye,
p < 0.01), as expected. CDVA was significantly better than the uncorrected distance VA by about 3 letters in both the
emmetropic and monovision eyes (p < 0.01 in both cases).

Figure 3 shows the binocular uncorrected and distance-corrected results by test distance. There was no statistically
significant difference between the uncorrected and distance-corrected results at any distance (p > 0.32). There was
a statistically significant difference in the VA by test distance. Post-hoc testing showed that the distance and intermediate
results were not statistically significantly different, but the near VAwas significantly lower than distance and intermediate
VA (Tukey’s honestly significant difference test, p < 0.05). Eighteen of 33 subjects (55%) had an uncorrected near VA of
0.1 logMAR (20/25 Snellen) or better, while 29 of 33 (88%) had an uncorrected near VA of 0.2 logMAR (20/32 Snellen)
or better. Twenty-five of 33 subjects (76%) had a distance-corrected VA of 0.2 logMAR or better at all three test
distances. (Again, distance-corrected included −0.75D of monovision in the non-dominant eye.)
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Summary results from the PRSIQ are shown in Table 1; one subject failed to complete the questionnaire. The PRSIQ
evaluates the need for glasses, how often subjects wear glasses, how often they can function without glasses and their
satisfaction with their vision without glasses. As can be seen, overall spectacle independence and satisfaction are high,

Figure 1 Distribution of postoperative mean spherical equivalent refraction by refractive target.

Figure 2 Monocular visual acuity by test distance and refractive target.
Abbreviation: logMAR, log of the minimum angle of resolution.
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with the greatest need for glasses at near. Note that even at 40 cm, 75% of subjects reported being able to function
comfortably without glasses all or most of the time.

Summary data from the IOLSAT results for this study are shown in Table 2, along with 6-month data from the Vivity
Summary of Safety and Effectiveness,18 for comparative purposes. The overall percentage of subjects reporting they rarely or
never needed glasses was much higher in the current study (70% vs 45.1%), driven primarily by the higher percentages at near
in both bright light and dim light conditions. The percentage of subjects reporting “Good” or “Very good” vision without
glasses was also higher for vision at near in the current study, though were somewhat lower for distance vision.

Table 3 contains summary data related to the QUVID questionnaire. Glare, halos and starbursts appeared to be the
most problematic visual disturbances in terms of frequency, severity and degree of bother, though blurred vision was
reported as more bothersome than glare. A two-way correlation matrix showed no significant correlations between
QUVID results and the refractive status of either eye. A review of the questionnaires also pointed out several conflicting
responses, where subjects recorded high levels of bother with visual disturbances in the QUVID questionnaire but
reported complete satisfaction at all test distances, and overall, in the PRSIQ questionnaire.

One of the potential causes of higher levels of visual disturbance might be greater levels of anisometropia, but there was no
correlation between the QUVID questionnaire results and the MRSE of the dominant eye, or the questionnaire results and
either the dioptric difference between the eyes or the overall level of myopia in the non-dominant eye (p > 0.05 in all cases).

Figure 3 Binocular visual acuity by test distance and correction.
Abbreviation: logMAR, log of the minimum angle of resolution.

Table 1 Summary Results for the PRSIQ (n = 32)

Distance (4 m) Intermediate (66 cm) Near (40 cm) Overall

No need for glasses 84% 88% 63%

Never wear glasses, or wear only a little 88% 88% 75% 81%

Function comfortably without glasses all or most of the time 88% 91% 75% 78%
Completely or mostly satisfied with vision without glasses 84% 81% 72% 84%

Abbreviation: PRSIQ, patient reported spectacle independence questionnaire.
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Discussion
To the best of our knowledge, this is the first study to provide clinical results for patients bilaterally implanted with this
NDEV IOL with a target of −0.75 D in the non-dominant eye. The uncorrected monocular visual acuity in the
emmetropic eye was similar to that reported in a previous study.19 The binocular visual acuity at distance and
intermediate was somewhat lower than reported in previous studies with bilateral implantation of this IOL with
a target of emmetropia in both eyes.19,22,23 With the monovision correction here, the near vision was more than a line
better than was reported in these previous studies.

Gundersen and Potvin simulated monovision with this IOL using spectacle correction.20 Binocular VA at a vergence
of −2.50 D (equivalent to a 40 cm viewing distance) was 1–2 lines better with 0.50 D and 1.00 D of monovision
respectively than when both eyes were targeted for emmetropia. The binocular VA with 0.50 D of spectacle-induced
monovision was the same as seen in the current study. They also reported the percentage of eyes with a 2.5 D range of
vision at various acuities. The 76% of subjects in the current study with 0.2 logMAR or better VA at all test distances
appears higher than the 60% with a 2.5 D range of vision reported in the previous study when both eyes were corrected
for emmetropia, but lower than the 88% reported when one eye was corrected for 0.5 D of monovision.20 Overall
binocular acuities at various distances were slightly higher in the previous study, potentially due to differences in test
conditions.

Results from the PRSIQ and IOLSAT showed high levels of satisfaction, good functional vision, and indicated that
a high degree of spectacle independence can be achieved with this monovision approach to using this NDEV IOL. The
results here (Table 2) showed higher rates of spectacle independence at near than for a comparative IOLSAT data set

Table 2 Summary of IOLSAT Questionnaire Results (n = 33)

Percentage of Subjects Rarely or
Never Needing Glasses

Percentage Reporting “Good” or “Very
Good” Vision without Glasses

Condition Current Vivity SSE* Current Vivity SSE*

Overall 70 45.1

Bright Light Distance (“far away”) 85 94.1 85 93.7
Intermediate (“arm’s length”) 85 87.2 94 91.6

Near (“up close”) 73 46.1 70 57.3

Dim Light Distance (“far away”) 85 93.2 79 87.5

Intermediate (“arm’s length”) 88 84.3 76 83.4

Near (“up close”) 58 39.2 52 37.5

Notes: *PMA P930014/S126: FDA Summary of Safety and Effectiveness Data from US FDA. AcrySof™ IQ Vivity™ extended vision Intraocular Lens (IOL): Summary of
safety and effectiveness data. Available from: https://www.accessdata.fda.gov/cdrh_docs/pdf/P930014S126B.pdf. Tables 32,33 6M.19

Table 3 Summary of QUVID Questionnaire Results (n = 33)

Type Frequency Severity Degree of Bother

“Never” or
“Rarely”

“Always” or “Most
of the Time”

“None” or
“a Little”

“Moderate” or
“Severe”

“Not at All” or
“a Little”

“Quite a Bit” or
“Very Much”

Blur 76% 3% 67% 18% 76% 9%
Double vision 97% 0% 97% 0% 97% 0%

Glare 58% 15% 52% 24% 79% 6%

Halos 55% 18% 52% 33% 70% 21%
Haze 82% 6% 79% 15% 85% 3%

Shadow 85% 3% 94% 3% 97% 0%

Starbursts 39% 39% 36% 55% 67% 18%
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from a clinical trial of the same IOL with both eyes targeted for emmetropia.19 Rates of spectacle independence and
satisfaction appeared only 10–15% lower than were recently reported for a trifocal IOL using the same questionnaire.24

Results for the QUVID questionnaire in this study are difficult to interpret. The results appear higher than might be
expected and appear inconsistent with the satisfaction results from the PRSIQ. This contrasts with the PRSIQ and
IOLSAT data, which appear relatively consistent with each other. The reports of visual disturbances are higher than
reported for the clinical trial conducted to obtain FDA approval of the lens,19 and higher than in several other recent
clinical studies,22,23 though the same questionnaire was not used in all cases. It is important to note that this higher rate of
reported visual disturbances did not appear to be associated with residual refractive error or the level of myopia in the
non-dominant eye. One of the clinicians administering the test in the current study indicated that some patients appeared
to have difficulty in understanding the questions. This points to a need to carefully review all questionnaires with patients
to reduce potential confusion and inconsistent responses, while avoiding any influence in their responses. Of the 3
questionnaires administered, the QUVID results appeared to be the most problematic and seemed the least consistent
with the results of the other two questionnaires.

This study has some limitations. As a single site study, the numbers were relatively low. It was also a single arm
study, so no direct comparisons could be made with alternative lens designs. Comparing data across different studies can
be problematic because of differences in inclusion/exclusion criteria, testing conditions and test procedures.

In conclusion, targeting 0.75 D of myopia in the non-dominant eye of patients bilaterally implanted with this NDEV
IOL appeared to be a viable means of improving near vision, which is likely to increase the rate of spectacle
independence in patients, with no correlated increases in visual disturbances.
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