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Purpose: To assess visual acuity, binocular defocus curve, spectacle independence, and photic phenomena after bilateral same-day
cataract surgery with implantation of an extended depth-of-focus intraocular lens (IOL) with mini-monovision.

Methods: Single-center retrospective study including 124 eyes from 62 patients who underwent bilateral implantation of an isofocal
EDOF lens [Isopure® (BVI)] with mini-monovision (—0.50 D). Refraction, visual acuity at different distances, binocular defocus
curves, spectacle independence, and subjective ratings of picture-referenced photic phenomena were assessed one to two months
postoperatively.

Results: The mean postoperative refractive spherical equivalent was —0.15+0.41D in the dominant eyes and —0.46+0.35D in the mini-
monovision eyes (p<0.01). Overall, 98.4% and 87.7% of the eyes were within +1.00D and +0.50D of the target refraction, respectively.
Postoperative monocular corrected distance visual acuity was —0.04+0.07 logMAR. Binocular uncorrected visual acuity was —0.02
+0.07, 0.1340.11and 0.40+0.20 logMAR for far, intermediate and near, respectively. At the visual acuity threshold of 0.20 logMAR (or
better) the defocus curve ranged from —1.6D to +0.9D. Reported spectacle-independence was 96% for far distance, 95% for
intermediate, and 34% for near. Five percent of patients reported halos, 16% starburst, and 16% glare. Only 7% of all patients
considered them bothersome.

Conclusion: In patients undergoing same-day bilateral cataract surgery, an isofocal EDOF lens provided an extended range of
functional vision, up to 63 cm, resulting in useful uncorrected near vision, good uncorrected intermediate vision, and excellent
uncorrected distance vision. Subjective patient satisfaction in terms of spectacle independence and photic phenomena was high.
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Introduction

With growing patient expectation of spectacle-independence after cataract surgery, more and more IOL designs are being
introduced that aim to provide good uncorrected visual acuity at various distances while minimizing photic phenomena.
Extended depth-of-focus (EDOF) IOLs create a single elongated focal point that extends the range of vision and are
therefore associated with fewer photic phenomena' than multifocal IOLs, which split the light into two or three foci
creating overlapping images. Trifocal IOLs are more effective in improving unaided vision across the entire range of
distances but are associated with a higher rate of photic phenomena, whereas EDOF IOLs and monofocal IOLs with
monovision provide partial spectacle independence with fewer photic phenomena.”

A proposed option to increase the range of uncorrected vision is to leave one eye slightly myopic, ie, to induce
monovision. Pseudophakic monovision has been used by several authors who achieved comparable visual outcomes and
spectacle independence as with multifocal IOLs, but with less dysphotopsia.> Mini-monovision aims to further minimize
photic phenomena and loss of stereopsis by using a smaller dioptric power difference between the two eyes than
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traditional monovision. For two of the EDOF IOLs available on the market, the use of mini-monovision has been found
to significantly improve uncorrected binocular visual acuity and spectacle independence.*'¢

Isopure® is a hydrophobic aspheric non-diffractive IOL. Its EDOF properties are based on a polynomial surface
design across the full optic providing a high amount of negative spherical aberrations, smoothly increasing from the
center to the periphery of the optic. This modification of the spherical aberrations is known as isofocal technology. Only
limited clinical data are currently available: Stodulka et Slovak'” reported promising results in terms of visual acuity and
contrast in a small cohort of patients (n=18) as did Bova et Vita'® (n=21). Neither study used mini-monovision.

The aim of our study was therefore to evaluate visual acuity, defocus curves, patient-reported spectacle-independence
and occurrence of photic phenomena after bilateral implantation of an isofocal EDOF lens with mini-monovision in

a large cohort of cataract patients.

Patients and Methods

Patients

This was a single-center retrospective clinical study including 124 eyes from 62 patients undergoing routine bilateral
same-day cataract surgery performed by a single surgeon (KV), with implantation of the isofocal EDOF lens. The study
conforms to the Declaration of Helsinki and was approved by the local Ethics Committee (Commission Cantonale
d’Ethique de la Recherche sur 1’étre humain, Lausanne, CER-VD 2021-02273). Informed consent was obtained from
each patient for the procedures and for the use of de-identified clinical data.

Medical records of all consecutive patients aged 50 years or older, who underwent routine bilateral cataract surgery
with the isofocal EDOF lens between March 2021 and November 2021 were reviewed, and patients without other vision-
impairing comorbidities and with a regular corneal astigmatism of 1.5D or less were included in the study. Exclusion
criteria were extraocular or intraocular vision-impairing comorbidities (maculopathies, retinopathies, advanced glaucoma
or other retinal or optic nerve disorders, corneal pathologies, or amblyopia), an irregular cornea (including keratotomy),
and non-age-related cataracts (congenital, uveitic, traumatic, or secondary). All reviewed patients, and reasons for

exclusion were recorded in a monitoring log.

Study Design

All patients underwent immediate sequential bilateral phacoemulsification cataract surgery. Ocular biometry and
corneal astigmatism (total corneal power) measurement was performed with an anterior optical coherence tomography
biometer (Anterion, Heidelberg Engineering) and IOL power was calculated using the Barrett Universal II formula for
most patients, modified by the Haigis-L, SRK/T and Hoffer Q formulas depending on the anatomy of each eye. All
patients were targeted for mini-monovision of —0.50 D in the nondominant eye and emmetropia in the dominant eye.
In eyes with corneal astigmatism of 0.6 D to 1.5 D, opposite clear corneal incisions were applied to reduce
astigmatism. Patients were then examined one day, one week, and one to two months after surgery. At the last
postoperative examination, uncorrected monocular and binocular distance (UDVA), intermediate (UIVA), and near
(UNVA) visual acuity were assessed at 4 m, 80 cm and 33 cm, respectively. Monocular corrected distance visual acuity
(CDVA) was also measured. Binocular distance-corrected defocus curves were then obtained in 0.5 D increments from
+2.00 to —3.0 D defocus.

Patient-reported spectacle independence at various distances was assessed using an abbreviated PRSIQ'® question-
naire with a scale ranging from 0 (never comfortable without glasses) to 4 (always comfortable without glasses). Patients
who were “almost always” or “always” comfortable without glasses were considered to be spectacle-independent at
a given distance. Photic phenomena were assessed at the last postoperative visit (one to two months after surgery) using
a modified and prompted NEI Quality of Vision questionnaire (RQL-42). Patients were shown pictures of halos, glare
and starburst during the interview (see Appendix I).
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Statistical Analysis

Statistical analysis included descriptive data for demographic characteristics, visual and refractive outcomes, and
questionnaire results. All mean values are expressed as mean + standard deviation. Student’s #-test, ANOVA, and logistic
regression analyses were used to analyze data where appropriate. Statistical analysis was performed using Stata software
(StataCorp 2019). Results with p values < 0.05 were considered statistically significant.

Results
Of the sixty-two patients (124 eyes) included in our study, 27 (44%) were female. The mean age at the time of the
surgery was 70.6+7.4 years. Cataract surgery was uneventful in all cases.

Refractive Error Outcomes

One to two months after surgery, the mean manifest refractive spherical equivalent (MRSE) was —0.15+£0.41D in the
dominant eyes and —0.46+0.35D in the mini-monovision eyes (p<0.01). The pre-and postoperative refractive outcomes
are summarized in Table 1. Figure 1 shows the postoperative distribution of the MRSE, showing the deviation from target
refraction (0 D for the dominant eye and —0.50 D for the non-dominant eye). Overall, 98.4% and 87.7% of the eyes were
within £1.00D and +0.50D of the target refraction, respectively.

Visual Acuities and Defocus Curve
Table 1 also summarizes preoperative and postoperative visual acuities. Monocular CDVA improved by 3 lines from 0.26
+0.17 logMAR (~Snellen 20/40) preoperatively to —0.04+£0.07 logMAR (~20/20 Snellen) measured one to two months

Table | Refractive and Visual Acuity Outcomes

Mean | SD p*

Refractive sphere (D) Pre-op —0.08 | 2.55 -
Post-op Dominant eyes 0.15 0.40 | <0.001
Mini-monovision eyes | —0.15 | 0.37
Refractive cylinder (D) Pre-op —0.72 | 041 -
Post-op Dominant eyes —0.59 | 0.36 0.71
Mini-monovision eyes | —0.61 | 0.36
Spherical equivalent (D) Pre-op —0.44 | 2.57 -
Post-op Dominant eyes —0.15 | 0.41 | <0.001
Mini-monovision eyes | —0.46 | 0.35

Pre-op visual acuity (logMAR) | Monocular CDVA 026 | 0.17 -
Post-op visual acuity (logMAR) | Monocular CDVA -0.04 | 0.07 -
Monocular UDVA | Dominant eyes 0.06 | 0.1l | <o0.0l

Mini-monovision eyes | 0.13 | 0.16

Binocular UDVA -0.02 | 0.07 -
Binocular UIVA 0.13 0.11 -
Binocular UNVA 0.40 | 0.20 -

Note: *Dominant versus mini-monovision eyes.
Abbreviations: SD, standard deviation; pre-op, preoperatively; post-op, postoperatively; UDVA, uncorrected distance visual acuity;
UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near visual acuity; CDVA, corrected distance visual acuity.
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Distribution of postoperative spherical equivalent

Figure | Distribution of postoperative spherical equivalent in diopters for dominant and mini-monovision eyes. Note that the target refraction was emmetropia for the
dominant eyes and —0.50 D for the mini-monovision eyes. The percentages of eyes within +1.00 D and +0.50 D of the target refraction are also shown.

post-surgery. Postoperative binocular UDVA, UIVA and UNVA were —0.02+0.07 logMAR, 0.13+0.11 logMAR, and 0.40
+0.20 logMAR. Figure 2 shows the cumulative binocular UDVA, UIVA, and UNVA values, monocular UDVA for the
dominant and non-dominant eyes, as well as overall monocular CDVA. After surgery, 77% of patients had binocular
UDVA of 20/20 or better (<0.00 logMAR). At intermediate distance, 58% of patients had binocular UIVA of 20/25 or
better (<0.10 logMAR), and at near distance, 51% of patients achieved binocular UNVA of 20/40 or better (<0.30
logMAR). On monocular testing, 84% and 98% of eyes had a CDVA of 20/20 or better (<0.00 logMAR) and 20/25 or
better (<0.10 logMAR), respectively, demonstrating the safety of the isofocal EDOF lens. Figure 3 shows the mean
monocular CDVA and the binocular UDVA, UIVA, and UNVA.

Figure 4 shows the postoperative photopic distance-corrected binocular visual acuities from +2.0 D to —3.0 D
defocus. The binocular defocus curve exhibits a smooth slope over the tested range of diopters . Patients had 0.20
logMAR or better visual acuity between —1.6 D to + 0.9 D of defocus, corresponding to a theoretical range of vision of
up to 63 cm.

Patient Satisfaction and Spectacle Independence

According to the PRSIQ questionnaire completed one to two months after surgery, 96% of patients felt comfortable
seeing without glasses at far, 95% at intermediate, and 34% at near distances. The mean PRSIQ score for subjective
reported spectacle-independence was 3.75+0.51, 3.75+0.74, and 1.91%1.30 for far, intermediate, and near, respectively.
When shown images of photic phenomena, 5% (n=3/56) of patients reported halos, 16% (n=9/56) starburst, and 16%
(n=9/56) glare. Only 7% (n=4/56) found these photic phenomena bothersome (Figure 5).

Discussion

This work is the first large cohort study of an isofocal EDOF lens to evaluate visual and refractive outcomes, spectacle
independence, and the presence of photic phenomena. Aware of ongoing discussions about the correct definition of
EDOF IOLs, in this paper we refer to “EDOF IOLs” in a broad clinical sense as IOLs that produce a single-elongated
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Figure 2 (A) Cumulative binocular uncorrected visual acuity for distance (bin. UDVA), (B) intermediate (bin. UIVA), and (C) near (bin. UNVA). (D) Cumulative monocular
uncorrected distance visual acuity (UDVA) for dominant and non-dominant eyes, and corrected distance visual acuity (CDVA) for all eyes. One to two months after surgery.
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intermediate visual acuity (UIVA), and binocular uncorrected near visual acuity (UNVA) one to two months after surgery.
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Figure 5 Percentage of patients reporting photic phenomena one to two months after surgery.
Note: Patients were shown pictures of halos, glare and starburst during the interview.

focal point that enhances depth-of-focus, as opposed to monofocal IOLs (one focal point) and multifocal IOLs (multiple
discrete focal points)."

The isofocal EDOF lens was introduced in 2019, and there are few clinical data available to date. To our knowledge,
there is one in-vitro study®® and two clinical studies with small samples.'”'® Labuz et al*® performed an in-vitro
comparison of four EDOF IOLs [Tecnis Eyhance ICB0O0O (Johnson and Johnson), AE2UV/ZOE (Eyebright Medical
Technology), RayOne EMV (Rayner) and the isofocal EDOF lens (BVI)] and a standard monofocal lens [Tecnis ZCB00
(Johnson and Johnson)]. They found that the performance of the isofocal EDOF lens at —1.0 D was superior to that of the
monofocal IOL. They also reported that its optical performance through a 3-mm pupil was minimally better than that of
the other EDOF IOLs. These observations are clinically confirmed by the defocus curve in our study (see Figure 4).
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Stodulka et Slovak'’ studied 18 patients implanted with the isofocal EDOF lens 4-6 months after surgery. In another
small clinical study (n=21), Bova and Vita'® compared the isofocal EDOF lens with a monofocal IOL (Tecnis PCB00).
Neither study used mini-monovision.

The mean postoperative MRSE in the dominant eyes (—0.15+£0.41D) in our study was similar to the overall MRSE
found by Stodulka'” (—0.15+0.51 D). We applied mini-monovision in all patients, with a target of —0.50 D in the non-
dominant eye and achieved a postoperative MRSE of —0.46+0.35 D. Figure 1 shows that the postoperative MRSE of the
dominant and mini-monovision eyes was close to their respective target refractions (0 and —0.50 D). A target refraction
between —0.21 D and —0.63 D was reported by Jackson et al*' as the optimal range for nondominant eyes implanted with
the Tecnis Symfony IOL (Johnson and Johnson) during bilateral cataract surgery. Using the same EDOF IOL with mini-
monovision (target —0.50 D). Sevik et al'* obtained better binocular uncorrected visual performance at intermediate and
near distances with Symfony and mini-monovision than with a low add multifocal IOL.

The defocus curve in our study revealed a smooth slope with gradually decreasing visual acuity over the defocus
range (Figure 4). A visual acuity of 0.2 logMAR or better was achieved between —1.6 D and +0.9 D, similar to Stodulka
et Slovak'” and better than Bova et Vita.'® The defocus curve of the Mini Well (SIFI S.p.A.) reported by Savini et al*>
and that of the Tecnis Eyhance (Mencucci et al*® and Auffarth et al**) have similar characteristics. Bala et al*> and Chang
et al,”® obtained visual acuity of 0.2 logMAR or better up to —2.0 D defocus with AcrySof IQ Vivity IOL (Alcon) and
Symfony IOL.

Figure 2 provides the cumulative outcomes for visual acuity at different distances. Far vision (binocular UDVA) was
20/20 or better in 77% of patients and at intermediate distance, binocular UIVA was 20/25 or better in 58% of patients.
Binocular UDVA and monocular CDVA reported in our study (—0.02 = 0.07 and —0.04 + 0.07 logMAR, respectively) are
consistent with the results previously reported with the isofocal EDOF lens'’ and slightly better than those obtained with
other non-diffractive EDOF 10Ls (AcrySof 1Q ViVity13’25 27 and Tecnis Eyhance23’24) and diffractive EDOF IOLs [AT
LARA 829MP (Carl Zeiss Meditec) and Tecnis Symfony].*®

Figure 3 shows the mean values for different visual acuities. The binocular UIVA in our study (0.13 £ 0.11 logMAR)
was similar to the findings of Stodulka et Slovak'’ and better than the findings of Bova et Vita.'® Stodulka found
a monocular CDVA of —0.06+0.04 logMAR and binocular intermediate visual acuities of 0.12+0.11 logMAR and 0.20
+0.14 logMAR at 80 cm and 66 cm, respectively. Comparing the isofocal EDOF lens with a monofocal IOL (Tecnis
PCBO00), Bova and Vita'® found that the monocular and binocular CDVA and UDVA were similar, and that UIVA was
significantly higher in the isofocal EDOF lens group (binocular UIVA 0.22+0.06 logMAR).

Stodulka'” and Bova'® did not report near vision outcomes, so our study is the first to report near vision outcomes
with the isofocal EDOF lens. Binocular UNVA in our study was 0.40+0.20 logMAR. Of note, we measured near vision at
a closer distance (33 c¢m) than in most clinical studies with EDOF IOLs (in which 40 cm is common). Despite the close
testing distance, 51% of patients had a UNVA of 0.3 logMAR (20/40), which is often considered a threshold for reading.
The binocular UIVA and UNVA results in our study with mini-monovision approach (0.13+£0.11 and 0.40+0.20 logMAR,
respectively) were comparable to those obtained with another non-diffractive EDOF IOL, Tecnis Eyhance, without mini-
monovision (0.16+0.10 and 0.33+0.05 logMAR, respectively)®*. Furthermore, binocular UIVA and UNVA in our study
were similar to the 4-to-6-month results for the diffractive EDOF IOL Tecnis Symfony when no mini-monovision was
used®® (0.11£0.14 and 0.30+0.17 logMAR, respectively). Tecnis Symfony with mini-monovision on the other hand
achieved better UIVA and UNVA (—0.02+0.03 and 0.09+0.05 logMAR, respectively), and was as good as the diffractive
trifocal IOL AT LISA Tri 839 MP.?° AcrySof IQ Vivity with mini-monovision approach provided better binocular UIVA
at 66cm and UNVA at 40 cm (0.00 to 0.06 and 0.12 to 0.23)'%!>6 than the isofocal EDOF lens in our study. In another
AcrySof IQ Vivity study without mini-monovision®’ even the monocular UNVA was as high as 0.15+0.16 logMAR, but
interestingly, all patients still needed an addition of at least +1.0 D for near. The better uncorrected intermediate and near
visual acuities with AcrySof IQ Vivity IOL compared to other non-diffractive EDOF IOLs, including the isofocal EDOF
lens, are likely due to its slightly greater depth of focus, as mentioned before.

To our knowledge, there are currently no published clinical data on photic phenomena after implantation of an
isofocal EDOF lens. Approximately one-third of the patients in our study had experienced photic phenomena when
interviewed in the early postoperative period (one to two months) (see Figure 5). Only one-fifth of these patients found
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them bothersome in daily life. The rates of halos (5%), glare (16%), and starburst (16%) were lower than the one-month
data reported by Reinhard et al*® for the non-diffractive EDOF IOLs AT LARA 829MP (53% halos) and Tecnis Symfony
(41% halos). Newsom et al'® used a recently developed QUVID questionnaire to assess photic phenomena in patients
implanted with AcrySof IQ Vivity in combination with mini-monovision and noted high rates of halos (45%), glare
(42%), and starburst (61%) three months after surgery. Slightly lower rates of photic phenomena were described by
Arrigo et al*® using the McAlinden Quality of Vision Questionnaire three months after implantation of AcrySof IQ
Vivity: 33% halos, 30% glare, and 18% starburst. The differences in the rates of photic phenomena between the studies
could be due to different methods of questionnaire administration and their timing after surgery, as well as the use of
mini-monovision. In our study, we showed images of photic phenomena (glare, halos and starburst) to the patients, which
may have prompted more positive responses than a simple questionnaire. The duration of the postoperative neuroadapta-
tion period also seems to play a role in the perception of photic phenomena, as suggested by Arrigo.*® In addition, ocular
surface dryness due to postoperative topical treatment may contribute significantly to photic phenomena in the first weeks
after surgery. Therefore, the rates of reported photic phenomena in our study can be deemed low compared to most other
studies with EDOF or multifocal IOLs, considering the methodology (image-referenced) and timing (one to two months
after surgery) of the questionnaire, as well as the use of mini-monovision.

Spectacle independence for far and intermediate (96% and 95%, respectively) was high. Spectacle-free near vision
was achieved in 34% of patients. Twenty-nine percent of patients reported that they were comfortable without glasses at
all three distances and can therefore be considered completely spectacle-free. Spectacle independence for intermediate
and near distances was higher than reported for other non-diffractive EDOF IOLs: Tecnis Eyhance (80% and 5%,
respectively),” and similar to diffractive EDOF IOLs: Tecnis Symfony (94% and 26%, respectively).”® Tecnis Symfony
with mini-monovision achieved higher spectacle independence including near distance (64%),%° but at the expense of
a high rate of photic phenomena (halos 57% and glare 50%). In a large, multi-country study of AcrySof IQ Vivity,
spectacle independence for intermediate distance was 75.5%. In the same study, spectacle independence for near (29%)
was identical to that in our study, despite a significantly higher binocular UNVA (0.23+0.16 logMAR at 40 cm).*

We have used mini-monovision in all study patients. So far, Symfony and Vivity are the only EDOF IOLs for which
clinical data from studies using mini-monovision have been reported. Our mini-monovision approach (with a target of
—0.50 D, achieving a MRSE of —0.46D) likely contributed to the high level of spectacle-independence. Importantly, it
was well tolerated, as previously demonstrated in studies with Tecnis Symfony IOL.”® Despite the mini-monovision, the
rate of patient-reported halos was low (5%) and binocular UDVA was excellent (—0.02+0.07 logMAR). Mean monocular
UDVA was 0.1340.16 logMAR in the eyes with mini-monovision, compared to 0.06+0.11 logMAR in the dominant eyes,
resulting in a statistically significant yet clinically minor loss of 0.07+0.15 logMAR (0.7 Snellen lines; p<0.01) in the
eyes with mini-monovision. In our study, the excellent safety of mini-monovision was further corroborated by the
binocular defocus curve, which showed the good tolerance of the isofocal EDOF lens for light postoperative myopia: at
a bilateral offset of —0.50 D, binocular distance vision was still very good (0.05 logMAR).

Our study has some limitations, mainly due to its retrospective and non-comparative nature. In addition, intermediate
visual acuity was measured at 80 cm, which, although a common distance used in our clinic, makes it difficult to compare
with other studies since 66 cm is more commonly used in clinical studies and is also the standard for the ANSI EDOF
criteria (ANSI Z80.35-2018). On the other hand, we have measured near visual acuity at 33 cm instead of the more
common 40 cm. In addition, contrast sensitivity was not studied. Finally, a longer clinical follow-up would be useful to
further support our results, even though a growing body of evidence suggests that refractive stabilization occurs within

31

one week following cataract surgery,” and although our immediate sequential bilateral surgery approach allowed for

faster visual rehabilitation and neuroadaptation.*?

In patients undergoing bilateral cataract surgery, an isofocal EDOF lens with mini-monovision provided an extended
range of functional vision up to 63 cm, resulting in usable uncorrected near vision, good uncorrected intermediate vision,
and excellent uncorrected distance vision. Subjective patient satisfaction in terms of spectacle independence and photic

phenomena was high. The excellent corrected distance visual acuity underlines the safety of the isofocal EDOF lens.
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