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Purpose: To evaluate the range of vision, visual function, and quality of vision after implantation of a secondary extended depth of
focus intraocular lens (EDOF IOL) implanted in the sulcus.

Setting: One clinical practice in Haugesund, Norway.

Design: Prospective single arm non-interventional study.

Methods: Eligible subjects presenting for surgery, or who had previous successful primary cataract or refractive lens exchange
surgery in both eyes were subsequently implanted with the AddOn® secondary EDOF IOL in the sulcus. Manifest refraction and
visual acuity at distance, intermediate and near were measured 3 months after surgery, along with the monocular defocus curve.
Subjects also completed a visual function and a quality of vision questionnaire.

Results: The study included 32 eyes of 16 subjects. At 3 months postoperative, the mean refraction spherical equivalent (MRSE) was
—0.16 + 0.30 D, with a residual cylinder of 0.29 + 0.27 D. The mean monocular uncorrected VA was 0.1 logMAR (20/25) or better at all test
distances. The monocular defocus curves showed a depth of focus of 2.0 D. For every category except reading fine print, all but one subject
(94%) had no difficulty or little difficulty with near tasks. Glare and halos were the most common visual disturbances, with no reports of
starbursts. There was no evidence of any intralenticular opacification in any of the eyes, and no evidence of iris chafing/depigmentation.
Conclusion: This secondary EDOF IOL provided excellent distance and intermediate vision, and very good near vision to subjects.
Subject reported near visual function was also very good and visual disturbances were limited. This lens appears to be a good option for
patients who would like to improve their range of vision. Results appear as good or better than those reported for primary EDOF lenses.
Keywords: sulcus, secondary IOL, AddOn EDOF, EDOF, extended depth of focus

Plain Language Summary
Many patients at the time of cataract surgery choose a single-vision intraocular lens (monofocal IOL) to correct their distance vision in
both eyes. Some, after surgery, desire better intermediate and near vision. For these patients, a secondary lens can be implanted in the
eye, on top of the first, adding optical elements to achieve this objective. One such option is an extended depth of focus (EDOF) IOL,
which is designed to increase the patient’s range of vision. This design is different from a multifocal IOL, which has distinct focal
points for intermediate and/or near vision. EDOF IOLs appear less likely to produce visual disturbances than multifocal IOLs. This
study was designed to determine if a secondary EDOF lens could increase the range of vision of patients previously implanted with
a monofocal IOL without producing unacceptable visual disturbances.

Our results showed that the secondary lenses implanted provided patients with good intermediate and near vision. With the
exception of reading small print, all but one of the subjects reported little or no difficulty with near and intermediate tasks, with low
levels of reported visual disturbances.

Introduction
Patients presenting for cataract surgery with a monofocal intraocular lens (IOL) implant targeted for emmetropia can
generally expect good distance vision postoperatively, though intermediate and near vision may not be as clear. Some of
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these patients may later be interested in having better intermediate and/or near vision. One option to achieve this goal is
a secondary IOL implant.

It has been more than 20 years since secondary (piggyback) lenses were implanted to provide improved intermediate
and near vision to pseudophakic patients."> Challenges with power calculation appeared to limit adoption.' There was
also a general concern about the potential for interlenticular opacification with piggyback IOLs, which made lens
placement and selection of lens material important considerations.® The potential for iris depigmentation from chafing
was also a concern, as it could lead to elevated intraocular pressure as a consequence of pigment deposition in the
trabecular meshwork.*> These considerations necessitated unique designs for sulcus IOLs, such as rounding the optic
edges to reduce friction effects.*

More recent studies have shown that the improved optical designs and materials have made secondary IOL
implantation a generally safe and effective procedure.® Secondary IOLs may be used successfully for the correction of

19713 though with some toric lens designs rotational stability has been

residual ametropia,” ® including astigmatism,
problematic.'? Secondary IOLs have also been demonstrated to be a safe and effective alternative for providing
multifocal vision for patients previously implanted with monofocal IOLs; clinical outcomes for secondary multifocal
TOL implantation appear equivalent to those achieved with primary multifocal implantation.'*'®

An alternative to a multifocal IOL, which is designed to provide distinct foci for intermediate and/or near vision, is an
extended depth of focus (EDOF) IOL. These lenses use optical principles to extend the depth of field of the primary focal
point, without introducing excessive image degradation. They generally provide better intermediate and near vision than
a monofocal IOL."” The limitations on extending the depth of field results in worse near vision than a trifocal or bifocal
IOL, but EDOF lenses have generally been associated with lower levels of visual disturbance.'® Satisfaction with both
lens types appears high.

The lens studied here (AddOn® EDOF IOL, 1stQ GmbH, Mannheim, Germany) was designed to provide patients
who were previously implanted with a monofocal IOL targeted for distance the potential to extend their range of vision,
while also correcting any residual refractive ametropia. It may also be implanted at the same time as a primary IOL,
allowing reversal of the procedure if visual disturbances or ocular health require it. Figure 1 shows an image of the lens.
It is made from a hydrophilic acrylic material and has a convex anterior and concave posterior to reduce the potential for

contact with the primary IOL. The edges are rounded and polished. The base lens design has been shown to provide

Figure | The AddOn® EDOF sulcus lens (courtesy IstQ GmbH, used with permission).
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stable clinical outcomes in both a spherical and toric configuration.”!" A trifocal version of the lens has also been shown
to provide good clinical outcomes.'® In the EDOF design, four diffractive rings configured using a proprietary design
(elevated phase shift, or EPS) are used to extend the depth of focus. A spherical refractive correction from —5.0 to +5.0
can be incorporated into the lens to address residual refractive errors that may be present after primary IOL implantation.

This study was designed to evaluate the visual and refractive outcomes, visual function, and quality of vision after
sulcus implantation of the secondary EDOF lens described above.

Methods

This study was prospective single arm study of refractive, visual, and subjective quality outcomes after sulcus
implantation of a secondary EDOF IOL. The study was reviewed and approved by an institutional review board
(REK, Norway). All enrolled subjects signed an informed consent document. The study was conducted in accordance
with the tenets of the Declaration of Helsinki, International Harmonization (ICH) Guidelines and good clinical practice.
The subjects self-selected for the IOL in question and were then invited to participate in the study. As such, the study did
not involve an intervention, so registration with a clinical trial registry was not required. Data are not available for
sharing.

Eligible subjects were those who had previous successful primary cataract or refractive lens exchange (RLE) surgery
in both eyes, with bilateral implantation of monofocal IOLs targeted for emmetropia. Also eligible were those subjects
interested in an EDOF correction that could be reversed if the subject was unhappy with the result; these subjects had the
primary and secondary IOL implanted during the same surgery. All subjects had to be interested in better intermediate
and near vision after surgery (extending their range of vision). Subjects who had prior surgical complications or
pathology that might affect best-corrected visual acuity (eg, amblyopia) were excluded.

In addition to the above, patients had to be appropriate candidates for a sulcus IOL, with a pseudophakic anterior
chamber depth of more than 3.2 mm, no evidence of glaucoma and no corneal (eg, guttatta) or retinal issues. The mesopic
pupil size had to be <5 mm, to reduce the potential for dysphotopsia.

Subjects were bilaterally implanted with sulcus EDOF lenses using the usual standard of care in the practice. EDOF
IOL power was calculated using the dedicated online calculator. The manifest refraction and monocular visual acuities at
distance (4m), intermediate (60 cm) and near (40 cm) were evaluated 3 months post secondary IOL implantation. The
3-month visit also include measurement of the distance-corrected monocular defocus curve and administration of two
questionnaires: the Quality of Vision questionnaire*® and the National Eye Institute Visual Function Questionnaire (NEI-
VFQ) near vision subscale.

The primary measure of interest was the criterion specified in the American Academy of Ophthalmology (AAO)
consensus statement for EDOF lenses that at least 50% of eyes achieve a monocular distance corrected intermediate
visual acuity (DCIVA) of logMAR 0.2 (20/32) or better.?! Relevant additional measures from the consensus statement
were also evaluated when the collected data allowed. These included the effective range of vision and a proxy
comparison between CDVA of the EDOF lens with a monofocal control.

A slit lamp examination was conducted to determine if any iris depigmentation due to chafing or any intralenticular
opacification was evident. Each visit also included checking for adverse events.

An analysis of variance was used to compare parametric variables, with a specified statistical significance of p < 0.05.

Results
Sixteen subjects (32 eyes) were enrolled, and all subjects completed the study. There were 12 males and four female subjects.
The average age was 64 + 8 years, with a range of from 46 to 76. The primary lenses implanted were 72% (23/32) Acrysof®
(Alcon, Fort Worth, USA) and 22% (7/32) Micropure (BVI, Waltham, USA), both of which are made of hydrophobic acrylic
material. The remaining two lenses could not be identified as they were implanted at a different surgery center. All primary
lenses were implanted in the bag. Biometric details, primary IOL power and surgery timing details are shown in Table 1. The
EDOF lens was implanted in a combined procedure (simultaneous surgery) in 31% of eyes (10/32).

At 3 months postoperative, the mean refraction spherical equivalent (MRSE) was —0.16 £+ 0.30 D (range —0.875 to
+0.50 D), with a residual cylinder of 0.29 + 0.27 D (range 0.0 to 1.0 D). Thirty of 32 eyes (94%) had an MRSE within
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Table | Biometric, Surgery and Timing Data

Mean St. Dev. Min Max
Axial length (mm) 24.1 1.3 21.8 26.9
ACD (mm) 4.15 0.88 24 5.3
Primary IOL power (D) 20.7 2.7 15 27.5
Time from primary to secondary surgery (days)* 374 711 35 2548
Follow up time after secondary surgery (days) 105 22 68 152

Notes: *Does not include 10 eyes that were implanted with the EDOF lens at the time of primary surgery.
Abbreviations: ACD, anterior chamber depth; PPS, pre-primary surgery; St.Dev, standard deviation; D, diopters.

0.50 D of plano, and 28 of 32 eyes (88%) had a residual cylinder of 0.50 D or less. Twenty-six eyes (81%) met both
criteria. There was no statistically significant difference in the MRSE (p = 0.57) or the refractive cylinder (p = 0.31)
between eyes undergoing simultaneous surgery and those that had a secondary surgery at a later date, though the number
of eyes in each sample size in this stratification may be too small to be meaningful.

Figure 2 shows the uncorrected and distance-corrected monocular visual acuity at various test distances, measured 3
months after secondary EDOF lens implantation. There was a statistically significant difference between uncorrected and
distance corrected VA at 4 m (p < 0.01), but no difference at 60 cm (p = 0.83) or 40 cm (p = 0.30). The mean monocular
uncorrected VA was 0.1 logMAR (20/25) or better at all test distances. At 60 cm, 91% of eyes (58/64) had a DCIVA of
0.2 logMAR or better. Twenty-two of 32 subjects (69%) had an uncorrected monocular UDVA of 0.1 logMAR or better,
with 31 of 32 (97%) having a CDVA of 0.1 logMAR or better. There was no statistically significant difference in the
uncorrected (p = 0.24) or corrected (p = 0.33) distance vision between the eyes undergoing simultaneous surgery and
those that had a secondary surgery at a later date.

The AAO consensus document requires a comparison of the CDVA of the EDOF lens to the CDVA from a monofocal
control. In the current study, ten eyes had the IOL implanted in the sulcus in a separate surgery after the primary cataract

surgery, with a plano sphere power in the EDOF lens. For these eyes, it was possible to compare the best distance visual
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Figure 2 Monocular visual acuity at different test distances.
Abbreviation: logMAR, log of the minimum angle of resolution.
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Figure 3 Monocular distance corrected defocus curve.
Abbreviations: logMAR, log of the minimum angle of resolution; D, diopter.

acuity (CDVA) pre- and post-EDOF implantation. These eyes effectively served as their own controls, to test the
difference between CDVA with a monofocal (preop) and an EDOF lens (postop). A repeated measures analysis of
variance showed no statistically significant difference between the two values, though the pre-implant CDVA was about 2
logMAR letters (just under half a line) better than the post-implant CDVA (—0.05 + 0.05 vs —0.01 £ 0.05, p = 0.055).

Figure 3 shows the mean monocular distance-corrected defocus curve for the IOL. The depth of focus as measured
using the AAO criteria (range of lens powers from zero to the last power with a mean VA of 0.2 logMAR or better) was
2.0 D.

Results from the NEI-VFQ near vision subscale are shown in Table 2. For every category except reading fine print, all
but one subject (94%) had no difficulty or little difficulty with near tasks. Reading small print was reported as the most
difficult task and was the only task where any subject reported extreme difficulty performing it; only one subject reported
extreme difficulty.

Figure 4 shows the mean response scores (with the standard error) related to each of the specific visual disturbances
included in the Quality of Vision questionnaire. The mean frequency scores were all below 1. Mean severity scores were
lower than the mean frequency scores for all disturbances, and the mean degree of bother reported was less than 0.5 in all

Table 2 NEI-VFQ Near Vision Subscale Scores (n = 16)

Difficulty With None A little Moderate Extreme
Reading a newspaper 75% 19% 6% 0%
Near hobbies 63% 31% 6% 0%
Locating items on a crowded shelf 88% 6% 6% 0%
Reading small print (eg, medicine bottle) 19% 63% 13% 6%
Reading bills 63% 31% 6% 0%
Shaving and/or makeup application 94% 6% 0% 0%

Abbreviation: NEI-VFQ, National Eye Institute visual function questionnaire.
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Figure 4 Mean response scores by visual disturbance for the Quality of Vision questionnaire*. *(A) Frequency, (B) severity, (C) degree of bother, graded on a 0-3 ordinal
scale, lower being better.
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cases. Glare and halos were reported to be the most frequent, most severe, and most bothersome visual disturbances. All
but two subjects (14/16, 88%) reported that glare was “not at all” or “a little” bothersome. All but one subject (15/16,
94%) reported the same for halos. There were no reports of starbursts.

There was no evidence of any intralenticular opacification in any of the eyes, and no evidence of iris chafing/depigmenta-
tion. There were no adverse events at the time of surgery or at any of the postoperative visits. There were no reports of
dysphotopsia. No subject that underwent a combined primary/EDOF lens surgery requested removal of the EDOF lens.

Discussion

The results presented here are the first clinical and visual outcomes to be reported after implantation of the AddOn EDOF
sulcus IOL. They demonstrate that the lens exceeded the AAO consensus criteria for EDOF lenses that were tested in the
study. Ninety-one percent of eyes had a monocular DCIVA of better than or equal to 0.2 logMAR (20/32), compared to
the suggested 50% in the consensus document. The change in mean CDVA of eyes with a monofocal IOL which were
then implanted with the EDOF lens was about 0.04 logMAR, less than the 0.1 maximum suggested in the consensus
document. The depth of focus calculated using the consensus document recommendation was 2.0 D.

The physiological performance of the lens in the sulcus was consistent with results reported previously for other
versions of the lens (monofocal, monofocal toric, multifocal).g’“’19 Interlenticular opacification, deposits and iris
depigmentation, potential issues with a secondary IOL, were not observed. Results here appear as good or better than
reported for an aggregate data set of several different sulcus lenses.?

The distance visual acuity results for this study appear consistent with those reported for several primary EDOF
lenses (near 0.0 logMAR distance-corrected and between 0.0 and 0.1 logMAR uncorrected).® *> In all cases, the range
of vision achieved by subjects in the current study was greater than reported for these other IOLs. The defocus curve
appears as good or better than an aggregate curve derived from multiple EDOF studies, indicating that the range of focus
achieved with this EDOF lens is consistent with those achieved with primary EDOF IOLs.*® It is important when making
comparisons to remember that different studies will have different inclusion/exclusion criteria, testing procedures and
subject populations.

The reported quality of vision was very good, with low levels of visual disturbances. Results appear slightly better
than those recently reported (using the same questionnaire and reporting methodology) for a primary EDOF lens with
a wavefront shaping technology incorporated.”’-*® They also appear better than reported for a diffractive EDOF lens with
a different design, again using the same questionnaire and reporting methodology.?’

There are limitations to the current study. There was no control group, though in one calculation the subjects served as
their own controls. The number of subjects/eyes was relatively low. The scope of the study was limited, so the AAO
criteria evaluated with reference to EDOF lenses were not the complete set recommended in the consensus document.”’
Specific testing methodologies also varied slightly from those suggested. Additional testing such as aberrometry and
contrast sensitivity was not performed.

In summary, the secondary sulcus EDOF IOL investigated here provided excellent distance and intermediate vision,
and good near vision to subjects, with a range of vision (VA better than or equal to 0.2 logMAR) of around 2
D. Subjective reported near visual function was also very good, and visual disturbances were limited. This lens appears
to be a good option for pseudophakic patients who had a monofocal IOL previously implanted and who would like to
improve their range of vision, or for those who would like an extended range of vision with the potential to reverse the
procedure if visual disturbances are problematic. Clinical results appear as good or better than those achieved with
a primary EDOF IOL.
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