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Purpose: To outline the early postoperative visual performance and subjective quality of vision (QoV) after implantation of a new
fully refractive extended depth of focus intraocular lens (IOL).

Patients and Methods: The study enrolled 103 patients undergoing bilateral phacoemulsification with implantation of the Tecnis
PureSee IOL (Johnson & Johnson). Refraction, uncorrected (UDVA) and best-corrected (CDVA) distance visual acuities, uncorrected
intermediate (UIVA) and near (UNVA) visual acuities, defocus curves, electronic reading desk, QoV questionnaire and a halo and
glare simulator were evaluated 3 months postoperatively.

Results: Mean binocular UDVA, UIVA and UNVA were —0.06 + 0.07, 0.05 + 0.08 and 0.20 + 0.08 logMAR respectively. At 3
months, 83% were within + 0.50D and 99% within + 1.00D of the refractive aim. Minimal dysphotopsias and overall QoV scores of
8.68 = 1.13 for the day and 8.08 + 1.58 at night were reported. Of all patients, 98.1% reported better vision than preoperatively and
86.4% would recommend the procedure. Spectacle independence for distance, intermediate, and near was achieved in 100%, 94.2%
and 66% of patients respectively.

Conclusion: The Tecnis PureSee IOL provided excellent distance and intermediate vision with good functional near vision. Patients
reported high postoperative QoV and subjective functional vision, with minimal visual side effects.
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Introduction

Extended depth of focus (EDOF) intraocular lenses (IOLs) are now widely used in cataract surgery and refractive lens
exchange. EDOF IOLs are designed to enhance the range of vision through elongation of the focal point while
maintaining high visual quality and low incidence of dysphotopsia. There are numerous EDOF IOLs available with
differing optical designs, including diffractive technology, pinhole effect and wavefront shaping optics."* EDOF IOLs
have been found to provide excellent unaided distance and intermediate vision and high levels of patient satisfaction,>®
and functional near vision can be enhanced through using a micro-monovision approach to further improve spectacle
independence rates.’

Ongoing evolution of EDOF technology aims to further optimize postoperative visual performance. A new EDOF
IOL (Tecnis PureSee) has recently been introduced with a purely refractive design aiming to broaden the range of vision
while maintaining a level of contrast sensitivity and dysphotopsias similar to monofocal IOLs. Since the introduction of
this new purely refractive EDOF IOL laboratory studies have been published,® '' with one optical bench study® outlining
similarity to a diffractive EDOF IOL but with a better dysphotopsia profile. Furthermore, the IOL has been shown to

tolerate refractive error.'> Subsequently, two clinical studies comparing the PureSee IOL in cohorts of 60 and 25 patients
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with an enhanced monofocal IOL demonstrated favourable outcomes.'*'* As this IOL remains relatively new, there is
still a lack of large-scale, clinically focused studies. Therefore, this study sought to present the early clinical data of
a group of patients who received comprehensive assessment of both objective and subjective parameters in order to
provide a clinical understanding of how this latest generation refractive EDOF IOL performs. This study aims to provide
clinicians with a clear and full understanding of the early clinical performance of the Tecnis PureSee IOL.

Materials and Methods

This retrospective study recruited consecutive patients who underwent refractive lens exchange or cataract surgery with
implantation of EDOF IOLs (Tecnis PureSee, Johnson & Johnson Vision Inc., Irvine, CA, USA) between July 2024 and
July 2025. This study used only unidentifiable patient data and additionally all patients gave their informed consent for
their anonymized data to be submitted for audit and publication. This study was conducted in compliance with the tenets
of the Declaration of Helsinki, and was approved by Health and Social Care Research Ethics Committee (protocol code:
23/NI/0005). Exclusion criteria were any other ocular pathology, previous corneal surgery, corneal disease, amblyopia,
ocular inflammation, a history of glaucoma or retinal detachment, neuro-ophthalmic disease, macular disease, and
posterior capsular opacification requiring Nd:YAG laser capsulotomy.

All patients received comprehensive preoperative ophthalmological examination including uncorrected (UDVA) and
corrected (CDVA) distance visual acuities, refractive status, ocular dominance, corneal tomography and pupillometry
(MS-39 AS-OCT; CSO, Firenze, Italy), optical biometry and keratometry (IOLMaster700, Carl Zeiss Meditec AG, Jena,
Germany), retinal optical coherence tomography (Cirrus 4000 OCT; Carl Zeiss Meditec), slit-lamp examination and
fundoscopy. A detailed ocular history was taken to determine a history of amblyopia or any previous treatments. The IOL
power was calculated using the Barrett Universal II formula or the EVO 2.0 formula.

Follow-up examinations were performed 3 months postoperatively. Postoperative examinations included, monocular
and binocular UDVA, CDVA, UIVA at 70cm and UNVA at 40cm, and subjective refraction. Defocus curve assessment
was obtained monocularly and binocularly using the best distance refractive correction. Reading performance was
assessed on a sample of the patients included using the Salzburg Reading Desk postoperatively at fixed distances of
40cm and 66cm. Reading acuity in logMAR, reading velocity in words per minute (wpm), reading duration in seconds
and letter size are reported in this study. Measurements were taken from the smallest readable sentences read with
a minimum velocity of 80 wpm. Defocus curves and reading desk performance are presented with smaller cohorts of
patients due to availability of data. Patients also completed a purpose-developed quality of vision (QoV) questionnaire
(Supplementary Questions 1) as utilised in previous studies.”'> The questionnaire assessed the effect of certain visual

phenomena and dysphotopsias, with patients responding not at all (0), a little (1), quite (2), or very (3). In addition, to
gain an understanding of how the patient actually perceives their QoV and therefore how satisfied they are post-
operatively, the patient was then asked to rate his or her QoV on a linear scale out of 10 (0 the worst, 10 the best). To
further assess visual disturbances a Halo & Glare Simulator (Carl Zeiss Meditec AG) was utilized. The simulator is
computer-based and presents a night driving scene where the patient manually selects the type, size, and intensity of halo
and glare on a subjective scale between 0 and 100. Additionally, patient experience was assessed through a purpose-
developed satisfaction questionnaire regarding their distance, intermediate and near vision, glasses use and their overall
satisfaction. The questions and possible responses are outlined in Supplementary Questions 2. This study reports

responses to each individual item from both questionnaires, alongside QoV (0-10) scores and global satisfaction ratings,
to highlight specific negative symptoms or sources of dissatisfaction while also presenting overall satisfaction outcomes.

Intraocular Lens

The Tecnis DENOOV PureSee (Johnson & Johnson Vision Inc., Irvine, CA, USA) EDOF IOL is a new fully refractive
EDOF IOL. It is a 1-piece aspheric acrylic posterior chamber IOL. The IOL has an anterior aspheric surface and
a posterior refractive surface which creates the continuous change in IOL power which extends the depth of focus. The
IOL is made of hydrophobic acrylic material with C loop haptics. The overall length is 13.0mm and has a 6.00 mm optic
diameter. The available powers are +5.0 to +34.0 D in 0.50 D increments. The IOL is preloaded in the Tecnis
Simplicity™ Delivery System injector.
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The Tecnis DET PureSee is the toric version of the EDOF IOL. The IOL is available in powers +5.0 to +34.0 D in
0.50 D increments, with cylinder power ranging from 1.00D to 6.00D on the IOL plane.

Surgical Technique

Surgery was performed by three surgeons (S.A.S, N.M, J.E.M). The surgery was completed with clear corneal
phacoemulsification performed under Sub-Tenon anaesthesia and the foldable IOL was inserted through a 2.4 mm
incision. A 5.5 mm anterior capsulorhexis was created and the IOL implanted into the capsular bag. The Zeiss Callisto
Eye (Carl Zeiss Meditec AG) was utilised to rotationally align toric IOLs. The refractive aim of the first operated eye was
the first myopic target. A subjective refraction was completed on the first operated eye to determine if an adjustment was
required to achieve the first myopic target in the second eye. Furthermore, a slight adjustment for more myopia was
targeted in the second eye if it was deemed that UNVA could be improved further, to a maximum of —0.88D. The second
eye was operated within 1 week of first eye surgery.

Statistical Analysis

Preoperative and postoperative parameters were reported in means and standard deviations or percentages. Median and
interquartile range were used to outline the Salzburg reading desk findings. The independent ¢ test was used to compare
continuous normal data between eyes, and the Wilcoxon rank-sum test when assessing nonparametric data between

1,'® a sample size of 54

preoperative and postoperative assessments. Following the methods outlined by Goodall et a
patients was required for an 90% statistical power when assessing the difference in refractive status of two group within
this study The standard deviation (SD) determined to be 0.4D, which was motivated by insights gained through results
from previous studies of EDOF IOLs.” A 0.25 D difference in refractive error, which is the lowest measurable value
through subjective refraction was considered to be clinically significant. For all statistical analysis, the level of

significance was a P value less than 0.05.

Results
This study included 206 eyes of 103 patients with a mean age of 61 + 7.89 (45 to 81). Table 1 outlines the demographics
and preoperative clinical data. No adverse events occurred in this cohort of patients.

Visual Acuity

Table 2 outlines the monocular and binocular UDVA, UIVA, and UNVA at the 3 months postoperative assessment.
Binocular UDVA was —0.06 + 0.07 logMAR, binocular UIVA was 0.05 = 0.08 logMAR and binocular UNVA was 0.20 £
0.08 logMAR. The second operated eye had a significantly more myopic postoperative refraction and provided
significantly superior monocular UNVA compared to the first operated eye. Figure 1 outlines the binocular cumulative
UDVA, UIVA, and UNVA with 100% of patients achieving a UDVA of 0.1 logMAR or better, 100% achieving 0.2
logMAR or better for UIVA and 99.05% achieving 0.4 logMAR for UNVA.

Binocular defocus curve assessment was performed on 42 patients, and monocular defocus curve data was collected
on 88 eyes. Figure 2 shows the binocular and monocular mean defocus curves 3 months postoperatively. The binocular
and monocular defocus curve displayed a peak at 0.00 D with both curves having an inverted U-shape curve.
A progressive and smooth reduction in visual acuity is observed as myopic defocus increases. The monocular defocus
curve showed a mean visual acuity better than 0.20 logMAR within approximately +1.0 D and —2.00 D. The binocular
defocus curve showed the same shape of curve but with slightly superior mean visual acuity at each step.

Refractive Outcomes

Table 2 shows the refractive outcomes 3 months postoperatively. Figure 3 displays the accuracy to the refractive target
with 83% of eyes within £ 0.50D and 99% within £ 1.00D. The mean absolute error in this cohort 3 months
postoperatively was 0.29 + 0.22 D. Figure 4 outlines the postoperative subjective refractive cylinder, where 82.5% of
eyes had 0.50 D or less, and 97.5% of eyes had 1.00D or less.
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Table 1 Demographics and Preoperative Clinical Data

Parameter Preoperative

No. of patients (eyes) 103 (206)

Age (y), mean + SD (range) 61 £7.89 (45 to 81)

Gender, male/female (%) 44.2/55.8
Myopia’hyperopia (%) 19.2/80.8
Axial length (mm), mean * SD (range) 23.51 + 1.52 (20.46, 28.09)

Clinical, mean * SD (range)

Sphere (D) 1.46 + 3.53 (—13.75 to 8.75)
Cylinder (D) —0.98 + 0.93 (-5.50 to 0)
MSE (D) 0.97 £ 3.55 (—14.38 to 8.38)
CDVA 0.02 = 0.16 (—0.20 to 0.90)
IOL details

SE Power non-toric IOL (D), mean + SD (range), (n=96) 22.46 + 4.30 (9.0, 33.0)

SE Power toric IOLs (D), mean % SD (range) (n=110) 22.77 £ 5.12 (9.5, 32.5)

Cylinder power of toric IOL (D), mean * SD (range), (n=110) 1.93 = 1.19 (0.75, 6.0)

First operated eye Second operated eye P value
Power of implanted IOL (D), mean * SD (range) 22.44 + 4.73 (9.50, 33.0) 22.81 + 4.77 (9.0, 32.0) 0.57
SE target —0.21 0.13 (—0.56 to 0.15) | —0.40 + 0.20 (—0.88 to —0.02) | <0.001

Abbreviations: SD, standard deviation; SE, spherical equivalent; IOL, intraocular lens; D, dioptres; MSE, manifest spherical equivalent; CDVA, corrected

distance visual acuity.

Table 2 Postoperative Clinical Data — 3 Months Postoperatively

Parameter, Mean * SD Postoperative First Operated Eye (n=103) Second Operated Eye P value
(Range) (n=206 Eyes) (n=103) (First to Second
Eye)
UDVA (logMAR) 0.0l +0.12 (—0.20 to 0.40) 0+ 0.11 (-0.20 to 0.40) 0.03 + 0.13 (—0.20 to 0.30) 0.11
UIVA 0.12 £ 0.09 (0.10 to 0.50) 0.13 £ 0.09 (0 to 0.30) 0.11 £0.09 (—0.10 to 0.30) 0.15
UNVA 0.29 £ 0.11 (0 to 0.60) 0.31 £0.11 (0.10 to 0.60) 0.27 £ 0.10 (0 to 0.50) 0.02
Binocular UDVA (logMAR) —0.06 + 0.07 (—0.20 to 0.10) - - -
Binocular UIVA (logMAR) 0.05 + 0.08 (0.10 to 0.40) - - -
Binocular UNVA (logMAR) 0.20 + 0.08 (0 to 0.50) - - -
Refractive error
Sphere (D) 0.06 * 0.38 (—1.25 to 1.00) 0.17 £ 0.34 (—1.00 to 1.00) —0.05 + 0.38 (—1.25 to 1.00) <0.001
Cylinder (D) —0.37 £ 0.31 (-1.75 to 0) —-0.37 £ 0.30 (—1.5 to 0) —0.37 £ 0.31 (—1.75 to 0) |
MSE (D) —0.12 + 0.34 (1.5 to 0.75) —0.01 £ 0.31 (—1.13 to 0.75) —0.23 + 0.34 (—1.50 to 0.63) <0.001
CDVA (logMAR) —0.05 + 0.08 (—0.20 to 0.20) —0.05 + 0.08 (—0.20 to 0.10) —0.05 + 0.08 (—0.20 to 0.20) 0.54

Abbreviations: SD, standard deviation; D, dioptres; MSE, manifest spherical equivalent; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual
acuity; UNVA, uncorrected near visual acuity; CDVA, corrected distance visual acuity.
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Figure | Cumulative binocular uncorrected distance, intermediate and near visual acuity 3 months postoperatively.
Abbreviations: UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected Near visual acuity.
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Figure 2 Binocular and monocular defocus curves.

Toric versions of the IOL were implanted in 110 eyes and the mean residual refractive cylinder in these cases was
—0.43 + 0.33 D. Figure 5 outlines the cumulative percentages of both the preoperative corneal astigmatism and
postoperative refractive cylinder for eyes implanted with toric IOLs.
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Figure 3 Accuracy to the intended spherical equivalent refraction 3 months postoperatively.
Abbreviations: D, dioptres; SE, spherical equivalent.
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Figure 4 Postoperative refractive cylinder 3 months postoperatively.

Patient-Reported Outcomes

Table 3 outlines the responses to the QoV questionnaire utilizing 0-3 for individual symptoms and 0—10 overall score.
The overall day QoV score was 8.68 + 1.13 and the overall night score was 8.08 + 1.58. Table 4 reports that 34 patients
(33%) reported they experienced glare postoperatively, with 73.5% reporting to be either “not at all” or “a little” annoyed
by this visual disturbance. The percentage of patients who reported halos was 34%, with 80% reporting an annoyance of
either “not at all” or “a little”. Table 5 highlights overall satisfaction and glasses use. The percentage of patients that were
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Figure 5 Cumulative histogram of the magnitude of the preoperative corneal and postoperative refractive cylinder, in eyes implanted with toric IOLs (n=110).

“more than fulfilled” or fulfilled with the procedure was 73.8%. One hundred percent of patients reported to never require

distance glasses, and 94.2% reported spectacle independence for intermediate vision and 66% for near vision.

Figure 6 reports the size and intensity of glare, halo and starbursts found with the halo and glare simulator in patients

reporting postoperative dysphotopsias.

Table 3 Visual Phenomena — 3 Months

Postoperatively
Postoperative
Glare 0.38 £ 0.73 (0, 3)
Halos 0.33 £0.72 (0, 3)
Starburst 0.06 + 0.37 (0, 3)
Hazy vision 0.05 + 0.32 (0, 3)

Blurred vision

029 + 0.77 (0, 3)

Distortion

0

Double vision

0

Vision Fluctuate

0.27 + 0.58 (0, 2)

Depth perception

0.02 + 0.14 (0, 1)

QoV Day

8.68 % 1.13 (5, 10)

QoV Night

8.08 + 1.58 (4, 10)

Notes: Visual phenomena calculated on a scale 0
(not at all) to 3 (very). Values represent mean *
SD (range); QoV is calculated on a scale 0 (worst)
to 10 (best). Values represent mean * SD (range).
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Table 4 Frequency of Symptoms — 3 Months Postoperatively (N= 103 Patients)

Visual Disturbance | Number of Patients who Experience the Visual Disturbance How Much Does the Visual
Disturbance Annoy You?

Not at All | A little | Quite | Very
Glare 34 (33%) 20.6% 52.9% 17.6% 8.8%
Halos 35 (34%) 34.3% 45.7% 8.6% 11.4%
Starburst 6 (5.8%) 50% 16.7% 16.7% 16.7%
Hazy vision 2 (1.9%) 0 50% 0 50%
Blurred vision 14 (13.6%) 0 50% 14.3% | 35.7%
Vision Fluctuate 28 (27.2%) 25% 50% 25% 0
Depth perception 2 (1.9%) 0 100% 0 0

Table 5 Postoperative patient reported outcomes (n= |03 patients), a) overall satisfaction outcomes, b) visual and glasses use
satisfaction outcomes

a)
Questionnaire Responses
Compare your vision preoperative to Better Unchanged | Worse Cannot remember
postoperative
98.1% 1.9% 0% 0%
How were your expectations fulfilled with More than fulfilled Fulfilled Sufficiently | Not fulfilled at all
the procedure? fulfilled
36.9% 36.9% 21.4% 4.9%
Would you choose this procedure again? Yes No Maybe
86.4% 3.9% 9.7%
Would you recommend this procedure? Yes No Maybe
86.4% 2.9% 10.7%
b)
Questionnaire Responses
Clarity of vision Distance vision is Slight Moderate Severe Intolerable
clear problem problem problem | problem
Distance vision Activity | | 93.2% 2.9% 3.9% 0% 0%
Activity 2 | 86.4% 6.8% 6.8% 0% 0%
Intermediate working Activity | | 87.4% 4.9% 7.8% 0% 0%
distances
Activity 2 | 87.4% 6.8% 4.9% 1% 0%
Near working distances Activity | | 65% 20.4% 13.6% 1% 0%
Activity 2 | 73.8% 13.6% 10.7% 1.9% 0%
(Continued)
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Table 5 (Continued).

Questionnaire Responses

Reading glasses Never Almost Sometimes | Almost | Always
Never Always
How often do you require glasses for 100% 0% 0% 0% 0%

distance vision?

How often do you require glasses for 94.2% 1% 1.9% 1.9% 1%
intermediate vision?

How often do you require glasses for near | 66% 9.7% 12.6% 9.7% 1.9%

vision?

Reading Performance

Table 6 displays the monocular and binocular reading performance found with the Salzburg Reading Desk at fixed
distances of 40 cm and 66 cm. A median monocular reading acuity of 0.22 logMAR at 40 cm with a reading speed of
108.5wpm and letter size of 2.00M was found. Binocular reading acuity at 40cm was 0.10 logMAR at 125wpm and
a letter size of 1.25M. Monocular reading acuity at 66cm was 0.13 logMAR with a rate of 122wpm and a letter size of
1.25M. A superior reading performance was noted binocularly at 66cm with reading acuity of 0.04 logMAR, at a rate of
104wpm and letter size of 1.00M.

Discussion

EDOF IOLs are increasingly being used not only in cataract patients, but also in individuals without cataracts who desire
to reduce their dependence on spectacles after surgery. A wide variety of EDOF IOLs are available to surgeons, with new
options continually emerging as technology advances. When a new IOL is introduced, it is important to try and fully
understand the clinical performance, both objective visual and refractive outcomes and also the subjective patient
experience. Therefore, the aim of this current study is to present the early clinical and patient-reported outcomes of
this new EDOF IOL in 103 patients who received bilateral implantation.

In this current study, the EDOF IOL displayed excellent binocular and monocular UDVA. The binocular UDVA was
—0.06 £ 0.07 logMAR (Table 2) and all patients achieved 0.1 logMAR or better. These UDVA outcomes results are
comparable to those of a conventional monofocal IOL and an enhanced monofocal IOL, with a study reporting binocular
UDVA of —0.04 + 0.09 logMAR and —0.03 = 0.10 logMAR respectively.'” A recent study'? with the same EDOF IOL
showed an inferior mean binocular UDVA of —0.03 + 0.08 logMAR with 98.6% achieving 0.1 logMAR or better when
compared to this present study. Similarly, a study® of a nondiffractive EDOF IOL reported monocular and binocular
UDVA of 0.04 + 0.06 logMAR and 0.02 + 0.03 logMAR respectively, with each eye having an emmetropic refractive
aim. Clear intermediate vision is an important modern visual demand, and the bilateral implantation in this study
provided excellent UIVA (Table 2), with 100% of patients achieving 0.2 logMAR or better 3 months postoperatively.
This appears to be superior to other EDOF IOLs with a refractive aim of emmetropia.'® A recent prospective study'’
comparing two novel EDOF IOLs reported binocular UIVA of 0.04 + 0.11 and 0.15 £ 0.11 logMAR for the two groups
following bilateral implantation utilizing a mini-monovision approach, compared to 0.05 £ 0.08 logMAR in this current
study.

EDOF IOLs frequently provide functional vision however, it is well recognised that near vision is reduced compared
to multifocal IOLs.?® As expected, this study reports inferior binocular UNVA when compared to diffractive multifocal
IOLs,'>2! however performs comparably to other similar EDOF IOLs.** ** Increasing the myopic target in the
nondominant eye can improve UNVA without compromising QoV.” A study utilising a mini-monovision approach
reported a mean postoperative spherical equivalent of —0.58 + 0.36D in the nondominant eye which resulted in mean
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Table 6 Median Monocular and Binocular Near and Intermediate Distance Reading Performance with the Salzburg Reading Desk

N= 33 Patients Monocular Near Monocular Intermediate Binocular near Vision Binocular Intermediate
Vision (40cm) Vision (66cm) (40cm) Vision (66cm)

Reading acuity 0.22 (0.18) 0.13 (0.09) 0.10 (0.10) 0.04 (0.12)

(logMAR)

Reading speed 108.5 (37) 122 (55) 125 (56) 104 (33.0)

(wpm)

Reading duration 10.2 (2.38) 9.5 (3.80) 9.6 (4.30) 10.2 (3.8)

(sec)

Letter size (M) 2.00 (0.50) 1.25 (0.25) 1.25 (0.25) 1.00 (0.25)

Abbreviations: M, M notation; sec, seconds; Wpm, words per minute.

binocular UNVA of 0.22 £ 0.12 logMAR.*® In comparison, this present study found a mean binocular UNVA of 0.20 +
0.08 logMAR, despite a less myopic postoperative spherical equivalent in each eye.”® These findings indicate that this
EDOF IOL delivers excellent performance, providing an extended range of clear vision and achieving outcomes
comparable to or superior to other EDOF options. Direct comparison with other EDOF 1OLs, including the differing
optical designs,” would be beneficial.

The study further evaluated differences between the first and second operated eyes. If it was deemed clinically
necessary, the second eye was targeted for more myopia than the fellow first eye. Therefore, the second eye had
a significantly greater myopic refractive target which ranged from —0.88 to —0.02D (Table 1). The real-life postoperative
refractive outcomes are outlined in Table 2 where a clinically superior monocular UNVA in the second operated eye was
also reported. Further research on the tolerance of monovision with this IOL would be valuable to determine whether
higher levels of monovision significantly improve UNVA without compromising QoV.

The postoperative reading performance was also assessed with the reading desk which outlined excellent visual
outcomes. The EDOF IOL in this current study showed superior reading acuity and wpm, letter size (Table 6) for both
intermediate and near vision than a previous study” reporting the reading performance of an EDOF IOL with
a diffractive echelette design. Direct comparison between different IOL designs is required, however this study appears
to display a good reading performance at both intermediate and near distances, and the reading desk outcomes
corroborate the logMAR UIVA and UNVA values (Table 2).

Defocus curve assessment further highlights the range of vision found with this IOL, with a visual acuity of 0.2
logMAR or better being achieved to a negative range of approximately —2.00 D, which meets the standards required for
EDOF IOLs.?® The defocus curve in this study was found to be similar to another study of the same IOL*’ however
superior to that presented in another study.'® Binocular defocus curve assessment showed superior visual acuity at each
step resulting in a slightly longer range of focus (Figure 2), and was comparable to another diffractive EDOF IOL,*
however it shows a superior defocus range compared to other studies of an EDOF IOL (PureSee) and a monofocal-plus
IoL."*

A high predictability was found, with 83% within + 0.50D and 99% within + 1.00D of the refractive aim (Figure 3).
This is superior to that reported by the European registry of quality outcomes for cataract and refractive surgery where it
is indicated that 73.7% of eyes are within + 0.5D of target.”’ Despite this high accuracy, there appears to be a small
hyperopic tendency 3 months postoperatively. As this is a newly introduced IOL design, further refinement of the IOL
constants should lead to improved refractive outcomes. Additionally, the magnitude of residual refractive astigmatism is
low with 82.5% and 97.5% achieving < 0.50D and < 1.00D. There were 110 eyes that required a toric IOL in this study,
and Figure 5 presents the postoperative refractive cylinder in these cases, where 77.3% and 96.3% had residual refractive
cylinder < 0.50D and < 1.00D respectively. This is consistent with a previous study of toric and non-toric enhanced
monofocal IOLs, which found that 81.3% and 81.6% of eyes in their respective groups had a refractive cylinder of 0.50 D
or less.”
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Figure 6 Results of Halo and Glare Simulator (Carl Zeiss Meditec AG, Jena, Germany). Depicted mean values for perceived glare, halo, starbursts, and mean + SD values.
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Patient-reported outcomes were also outlined in this study. The individual questions of a QoV questionnaire are
outlined in Table 3. There is a low incidence of each symptom with high overall QoV scores for both day and night. Our
previous study which reports QoV in the same manner displays a higher incidence of glare and halos and an inferior night
QoV score with a diffractive multifocal IOL, as one would expect.'” This supports the advantage of using EDOF IOLs to
reduce unwanted postoperative dysphotopsias. Comparison to an enhanced monofocal IOL, in another study reporting
QoV in the same manner, reports a mean glare score of 0.38 & 0.77, halo score of 0.18 £ 0.59 and starburst score of 0.20
+0.52.7 The halo score is minimally higher, and the starburst score is lower in this current study (Table 3). Table 4 also
reports the frequency of visual disturbances, demonstrating a low incidence with minimal associated annoyance.
Comparison to other EDOF IOLs show a similar frequency of visual disturbances. A study reports that 85% reported
“none” or “just a little”, when asked “How much do you notice glare or halos around lights in dim light situations?”.>° In
this current study 91.3% reported “none” or “a little” to glare, and 93.2% reported “none” or “a little” to halos
individually. Figure 6 presents an image of the size and intensity of glare, halos and starbursts in those patients who
report these symptoms. To our knowledge there is no study which presents the dysphotopsias for this IOL in this manner.
Assessment of patient satisfaction and visual function shows a high level of postoperative satisfaction (Table 5), with
98.1% reporting to have better vision than preoperatively, and 73.8% were “more than fulfilled” or “fulfilled” with the
procedure. High satisfaction for distance and intermediate vision was reported with 100% and 94.2% completely
spectacle independent for these distances. For near vision, 66% of patients were completely spectacle independent,
with 9.7% reporting that they “almost never” required glasses. When asked about functional near vision, 85.4% for
activity 1 and 87.4% for activity 2 reported to have “clear” or “slight problem”. Spectacle independence is lower than
multifocal IOLs,*! however, spectacle independence in this current study is significantly greater compared to a study of
an EDOF IOL which reported only 33% reported to never need glasses.>® Compared with diffractive EDOF IOLs, which
function essentially as low-powered multifocal IOLs,” complete spectacle independence for near vision was achieved in
86.66% of cases.* It appears this IOL produces few visual disturbances while providing a high postoperative satisfaction
rate. Patient expectations should be managed with regards to complete spectacle independence.

A limitation of the current study is the absence of direct comparison of this EDOF IOL to other bilateral implantations
of similar IOLs. Also, the retrospective design of this study is a limitation and the inclusion of both cataract and
refractive lens exchange patients. Assessment with a longer postoperative follow-up is also required to assess the stability
of visual and refractive outcomes and determine if QoV alters over time. Furthermore, an understanding of the rate of Nd:
YAG laser capsulotomy and possible rates of laser enhancement with this new IOL should be presented in the future. The
aim of this study was to report the outcomes of a cohort of patients in a real-world clinical setting, and it does appear to
highlight a range of clear unaided visual acuity that is comparable to other studies of EDOF IOL. However, as noted,
there are limitations. A prospective study design incorporating a control group will be necessary in the future to achieve
a more comprehensive understanding and meaningful comparison of this IOL. Additionally, our future work will include
assessment of the performance of these IOLs in eyes with previous myopic and hyperopic laser vision correction, which
is of particular interest.

Conclusion

In conclusion, this retrospective study of clinical outcomes found that bilateral implantation of this new fully refractive
EDOF IOL provides excellent uncorrected vision for distance and intermediate, and functional near vision providing high
near satisfaction. There appears to be minimal early dysphotopsias and high overall QoV satisfaction. This IOL
combination seems to be an effective approach to achieve a range of vision with minimal visual disturbances, however
spectacles for near vision may still be required. This study provides the clinician with information on how this IOL
clinically performs 3 months postoperatively, and may help guide preoperative discussion regarding expected visual
outcomes and glasses use.
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