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BACKGROUND/OBJECTIVE: To evaluate the visual performance of a purely refractive extended depth of focus (EDF) intraocular

lens (IOL).

SUBJECTS/METHODS: A prospective, multi-center, randomized, subject/evaluator-masked study. Subjects were bilaterally
implanted with the EDF test (Model ZENOOV, TECNIS PureSee™ IOL, N = 60) or an enhanced monofocal control (Model ICBOO,
TECNIS Eyhance™ IOL, N = 57) IOL. Monocular corrected distance (CDVA), intermediate (DCIVA), near acuities (DCNVA) and patient
reported visual symptoms were evaluated at the 6-month visit. Monocular mesopic contrast sensitivity (CS) and depth of focus

(DOF) testing were assessed at 3 months.

RESULTS: CDVA (Mean + SD) was —0.06 + 0.08 for test and —0.05 + 0.08 logMAR for control groups. DCIVA was 0.13 + 0.08 for test
and 0.18 £ 0.14 logMAR for control groups (p = 0.0127). DCNVA was 0.37 £+ 0.10 for test and 0.43 + 0.16 logMAR for control groups
(p =0.0137). Test lens was statistically superior for intermediate and near. Overall, 91.7% (halos), 95.0% (starbursts) and 95.0%

(glare) of test lens patients reported that they did not experience, were not bothered, or were slightly bothered by specific visual
symptoms, compared to 98.2%, 100% and 96.5% in the control group. The DOF range over which monocular visual acuity was 0.20
logMAR or better was —1.6 D for the test lens. Mesopic CS was comparable between both groups, falling within 0.11 log units for

all measured cycles per degree with and without glare.

CONCLUSION: The EDF IOL demonstrated extended range of vision and statistically superior intermediate and near performance
compared to the monofocal IOL. Distance visual acuity, contrast sensitivity and dysphotopsia profile were similar to the

monofocal IOL.
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INTRODUCTION
Monofocal intraocular lenses (IOLs) are used globally for visual
correction after cataract removal. Standard monofocal IOLs have a
single focal point and are typically calculated to be distance-
dominant, resulting in excellent distance vision while requiring
spectacle correction for reading and intermediate tasks [1, 2].
Enhanced monofocal IOLs can slightly extend the range of vision to
provide functional intermediate vision while maintaining distance
vision and a dysphotopsia profile similar to that of standard
monofocal I0Ls [3]. Multifocal IOLs are designed to increase
spectacle independence by providing multiple distinct focal points
in vision, from distance to intermediate and/or near [4]. However,
the improvement in unaided near vision and increased spectacle
independence with multifocal I0Ls needs to be weighed against
the patient experience of glare and halos and impact on contrast
sensitivity and intermediate vision [2, 4-7].

EDF IOLs bridge the gap between monofocal and multifocal IOLs
by elongating the focal point(s) to provide continuous, high-quality
enhanced range of vision [6, 8, 9]. Optical designs include diffractive

(TECNIS Symfony, Johnson and Johnson Surgical Vision, Irvine, CA,
USA [8]), spherical aberration based (Mini WELL Ready IOL, SIFI
S.p.A, Catania, Italy [10] and LuxSmar, Bausch & Lomb GmbH, Berlin,
Germany [11]), pinhole effect (IC-8, AcuFocus Inc., Irvine, CA, USA
[12, 13]), and newer “non-diffractive” technology (Vivity IOL,
Alcon Laboratories, Fort Worth, TX, USA [14]). For example, TECNIS
Symfony IOL was the first EDF lens, which provides good distance
vision with improved intermediate and near vision compared to a
standard monofocal IOL, and less dysphotopsia and superior
contrast sensitivity compared to some multifocal IOLs [8, 15].

Despite the advantages of these technologies, reduced
contrast sensitivity and/or more prevalent or bothersome
dysphotopsias compared with monofocal 10Ls may still be a
factor for dissatisfaction in patients [9, 14, 16]. A need exists for an
IOL option that can improve intermediate and near vision over
standard monofocal IOLs while maintaining a high quality of
vision and low levels of dysphotopsia.

The TECNIS PureSee IOL (Johnson and Johnson Surgical Vision,
Irvine, CA, USA) is a next-generation EDF lens with a purely
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refractive design. The lens is designed to provide an increased
range of vision for intermediate and near tasks while having
distance vision, contrast sensitivity and dysphotopsia profile
comparable to a monofocal IOL. The purpose of this study was to
evaluate the visual performance and safety of the PureSee 10L
(Model ZENOOV) compared to an enhanced monofocal in patients
bilaterally implanted after cataract extraction.

METHODS

Study design

This was a prospective, bilateral, randomized, subject and evaluator-
masked comparative study conducted in Australia and New Zealand
(ClinicalTrials.gov; NCT04890249). Data collected from a total of six study
sites are included in the analysis. All patients provided written informed
consent, and Independent Ethics Committee approval (Bellberry Limited,
Human Research Ethics Committee and Health and Disability Ethics
Committee) was obtained. The study was conducted in accordance with
Good Clinical Practices, 1SO14155:2011, the tenets of Declaration of
Helsinki, and all other applicable laws and regulations of the countries in
which the study was conducted.

Inclusion and exclusion criteria

Patients were eligible for study inclusion if they were 22 years or older and
scheduled to have bilateral cataract surgery, preoperative corrected
distance visual acuity (CDVA) of 20/40 or worse with or without glare and/
or experience significant cataract related visual symptoms, potential to
achieve postoperative CDVA of 20/30 or better, normal corneal
topography, predicted postoperative corneal astigmatism of less than
1.0 dioptre (D), and clear intraocular media other than cataract. Patients
requiring an IOL power outside the range of +14.0D to +26.0, pupil
abnormalities, recent ocular trauma or surgery, ocular anomalies affecting
postoperative outcomes were excluded from the study.

IOL device description

The next generation refractive EDF TECNIS PureSee 0L, Model ZENOOV
(test) was compared to an enhanced monofocal: the TECNIS Eyhance IOL,
Model ICBOO (control). PureSee is a purely refractive, 1-piece soft acrylic
aspheric foldable posterior chamber IOL designed for placement in the
capsular bag. This IOL has the same overall geometry/dimensions as the
control IOL and is made from SENSAR UV? (OptiBlue) material. The TECNIS
PureSee IOL has an anterior aspheric surface designed to compensate for
average corneal spherical aberration and a posterior refractive surface
designed to create a continuous change in power to extend the depth
of focus.

The enhanced monofocal TECNIS Eyhance IOL is a 1-piece refractive
foldable posterior chamber IOL made of SENSAR material that has a
higher-order aspheric anterior surface design, with a continuous change
in power from the periphery to the center to slightly extend the depth of
focus [17].

Randomization and surgical procedure

Eligible patients were enrolled and randomized (1:1) via electronic data
capture system to undergo bilateral implantation with either the test or
control I0Ls. Prior to randomization, surgeons selected which eye to
operate on first for each patient based on their standard clinical practice
(e.g., the eye with worse cataract and poorer best-corrected distance
vision). Surgery for the second eye was performed after the 1-week
postoperative examination but not more than 30 days after the first-eye
surgery. Surgeons employed their typical small-incision technique for
cataract extraction, inserting the I0Ls into the capsular bag using one of
the validated insertion systems. All surgical outcomes were managed by
the investigators to ensure minimum total postoperative refractive
astigmatism of <1.0 D through incision type and placement. No additional
refractive procedures were performed during the study period.

Endpoints and assessments
Evaluators of vision testing and refractions, and all subjects, remained
masked to the implanted IOL throughout the duration of the study.

Visual outcomes and quality of vision. At the 6-month postoperative visit
visual acuities were measured using the Early Treatment Diabetic

SPRINGER NATURE

Retinopathy Study (ETDRS) chart on the Clinical Trial Suite (CTS, M&S
Technologies, Inc.) under photopic lighting conditions (85 cd/m?).
Manifest refractions were conducted at 4 m employing standard refractive
technique and adjusted for optical infinity (—0.25 D of sphere).

Monocular visual acuity endpoints at 6 months included mean
corrected distance VA (CDVA) at 4m, distance corrected intermediate
VA (DCIVA) at 66 cm, and distance corrected near VA (DCNVA) at 40 cm.

Monocular, corrected distance contrast sensitivity was measured in first
eyes at the 3-month visit under mesopic lighting conditions (3 cd/m?)
both with and without glare. This was measured using the CTS system and
sinewave grating charts encompassing frequencies of 1.5, 3, 6, and 12
cycles per degree (cpd) at 2.5m; a refraction adjustment was used.
Monocular corrected distance defocus curve visual acuity testing was
performed in first eyes only at the 3-month visit. Testing was conducted
from +1.00 D through —2.50 D of defocus.

Visual symptoms, were documented noting their frequency, degree of
impact (how bothersome) and difficulty resulting from their presence
using the Patient Reported Visual Symptoms Questionnaire (PRVSQ) at the
6-month visit.

Subgroup assessment on the impact of refraction technique on range
of vision. ZENOOV (n = 13) subjects from a single center returned for a
prospective, one visit assessment. One eye of each subject was tested. The
subjects had to have completed their 1-month postoperative visit for both
eyes. The purpose was to determine the influence of the refractive
technique on range of vision measured using defocus curve testing. A
single optometrist conducted maximum plus for maximum visual acuity
refraction (MPMVA) using the fogging technique. Monocular distance-
corrected defocus curve (range from +1.00D through —2.50D) was
measured at 4 m with the MPMVA technique.

Historical data from a standard monofocal IOL. The American National
Standards Institute (ANSI) lists criteria for categorizing an EDF IOL in
comparison to a standard monofocal IOL [18]. Historical visual acuity and
visual symptoms data on standard monofocal IOL (Model ZCBOO
[n=131]) at 6 months are presented for comparison purposes. These
data were collected using the same standardized methods as detailed in
this paper and the data is published in the FDA Summary of Safety and
Effectiveness Document [19]. The inclusion of the standard monofocal
broadens the comparative framework, enhancing the understanding of
the effectiveness and safety of the ZENOOV IOL as an EDF IOL.

Statistical analysis

For monocular DCIVA and DCNVA, with 55 subjects in each lens group,
there is 90% power to detect a 0.10 logMAR or greater difference in
mean visual acuity between the ZENOOV and ICB0O lens groups using a
two-sample t test at a one-sided alpha of 0.025 and assuming a
standard deviation of 0.16 logMAR. For monocular CDVA, with
55 subjects in each lens group, there is 99% power to conclude non-
inferiority in visual acuity between the ZENOOV and ICBOO lens groups at
one-sided alpha of 0.05 with non-inferiority margin of 0.10 logMAR,
assuming no difference between the I0Ls and a standard deviation of
0.12 logMAR. At the end of the study, there were more than 55 subjects
in each lens group; therefore, the sample size for this analysis is
considered sufficiently powered.

All endpoints were evaluated in the safety population (i.e., no data
imputation). Summary statistics included mean and standard deviation
(£SD) for continuous variables. For categorical data, the frequency and
proportion were computed. Monocular first eye CDVA was evaluated
using a noninferiority approach with a margin of 1 line and one-sided
alpha of 0.05. Analysis of monocular best corrected DCIVA and DCNVA
was based on first eyes using one sided, two-sample t-tests with one-
sided alpha level of 0.025. Frequency counts and proportions of first eyes
achieving DCIVA of 0.20 logMAR (20/32 Snellen equivalent) were reported
by I0L group.

The mean visual acuity and standard error (SE) at each dioptre of
defocus was plotted for the range of the testing conducted. The depth of
focus was estimated as the dioptric range between zero defocus and the
point in the negative defocus curve that crosses the 0.20 logMAR
threshold. Patient-Reported Visual Symptoms Questionnaire data were
reported for subjects who have received the same test IOLs or same
control IOLs in both eyes; data were tabulated with the frequency and
proportion for each response by IOL group. All statistical analysis was
conducted using SAS program (Version 9.4).
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Table 1. Patient demographics observed during the study period.
Parameter ZENOOV N =62 ICBOO N =58
Age (y), mean +SD 68.2+8.5 69.8+7.7
Age Group (y), n (%)

<60 8 (12.9) 4 (6.9)

60—69 22 (35.5) 26 (44.8)

70-79 29 (46.8) 22 (37.9)

>80 3 (4.8) 6 (10.3)
Sex n (%)

Male 25 (40.3) 19 (32.8)

Female 37 (59.7) 39 (67.2)
Race, n (%)

Asian (including Indian) 10 (16.1) 9 (15.5)

Black 0 0

Native Hawaiian/Pacific 0 0
Islander

Caucasian 49 (79) 47 (81)

Other 3 (4.8 2(34)
Ethnicity, n (%)

Hispanic/Latino 0 1(1.7)

Not Hispanic/Latino 62 (100%) 57 (98.3)
Iris Color, n (%)

Blue/Gray 21 (33.9) 17 (29.3)

Brown/Black 20 (32.3) 16 (27.6)

Green/Hazel 21 (33.9) 25 (43.1)

RESULTS

Between June 2021 and August 2022, a total of 120 subjects
underwent implantation with ZENOOV (n = 62) or ICB0O (n =58)
IOL in at least one eye at six study sites. Among them, 62 ZENOOV
and 57 ICBOO subjects were bilaterally implanted. 60 ZENOOV and
58 ICB0O0 subjects completed the final 6 months visit. Despite the
on-going COVID-19 pandemic, patient accountability for first eyes
in the ZENOOV group was 90.3% (56/62) and 96.8% (60/62) at
3 months and 6 months, respectively, while in the ICBOO group, it
was 93.1% (54/58) and 100% (58/58) at 3 months and 6 months,
respectively. Patient demographics were similar between the two
IOL groups, exhibiting no significant differences (Table 1). The
mean (+ SD) age was 68.2 + 8.5 and 69.8 + 7.7 years in the ZENOOV
and ICBOO IOL groups, respectively, and there were more females
in both IOL groups. Monocular outcomes are reported for first
implanted eyes only.

Quality of vision

Monocular distance corrected visual acuity. The mean (£SD)
monocular photopic CDVA at 4m was —0.06 +0.08 logMAR
(Snellen 20/15) in the ZENOOV group compared with —0.05 + 0.08
logMAR (Snellen 20/20) in the ICBOO group. The lower 2-sided
90% Cl of the mean difference was —0.01 logMAR between
ZENOOV and ICBO0 which was better than the noninferiority
margin of —0.1 logMAR, confirming that the next generation EDF
was non inferior to the enhanced monofocal IOL. In comparison,
the ZCBOO group showed —0.05+0.09 logMAR (Snellen 20/20).
Additionally, 100% of ZENOOV first eyes achieved BCDVA of 0.20
logMAR (Snellen 20/32) or better at 6 months.

Visual symptoms. Direct responses from the validated PRVSQ
were used to assess the frequency, bother and difficulty, of visual
symptoms in the past 7 days, at the 6-month visit.

With respect to frequency, in the ZENOOV group, 88.3% (53/
60), 96.7% (58/60) and 100.0% (60/60) of patients reported that

Eye (2024) 38:9-14

D. Corbett et al.

100

Halos

Percentage (%)
88883388

o L mlE MmE mee _

Did not Not at all Slightly Moderately Very Extremely
experience bothered bothered bothered bothered bothered
or NR
100
%0 Glare
80 —
=70
@ 60
S
£ %0
8 4o
& 3
20
10 |_||—|
0 /| E /) PR
Did not Not at all Slightly  Moderately Very Extremely
experience bothered bothered bothered bothered bothered
or NR
100
%0 Starbursts
80
< 70 |
@ 60
o
8 s
[
8 4o
& 30
20
- [E [
0 M [—I= = Bl e e e
Did not Not at all Slightly  Moderately Very Extremely
experience bothered bothered bothered bothered bothered
or NR
BZENOOV (n=60) @ICB00 (n=57) B2ZCBO00 (n=131)
Fig. 1 Level of bothersome (%) for ocular visual symptoms,

including halos (top graph), glare (middle graph), and starbursts
(bottom graph), acquired with PRVSQ at 6 months for ZENOOV,
ICB00, and ZCBOO (historical control) bilaterally implanted
patients. ‘NR’ indicates no response.

they never, rarely or sometimes experienced halos, starbursts
and glare, respectively compared to 91.3% (52/57), 94.7% (55/
57), 100% (57/57) in the ICBOO group and 95.4% (125/131),
96.2% (126/131) and 98.5% (129/131) in the historical
ZCBO0O group.

Figure 1 demonstrates low levels of bothersome symptoms in
the ZENOOV, ICBOO, and historical ZCBOO groups. The proportion
of patients who did not experience, were not bothered, or were
slightly bothered by visual symptoms were comparable
between the ZENOOV group and the ICBOO group for halos
(91.7% [55/60] vs 96.5% [55/57], respectively), starbursts (95.0%
[57/60] vs 100% [57/57]), and glare (95.0% [57/60] vs 98.2% [56/
571). The ZCBOO group also reported similar results (halos: 94.7%
[126/131]; starburst: 93.9% [123/131]; glare: 96.2% [126/131]).

In the ZENOOV group, 96.7% (58/60) of patients reported no
difficulty with or did not experience halos, starbursts and glare
(for each symptom). In comparison 98.2% (56/57), 100% (57/57)
and 96.5% (55/57) in the ICBOO group and 98.5% (129/131),
97.7% (129/131) and 97.7% (129/131), in the ZCBOO group
reported no difficulty with or did not experience halos,
starbursts and glare, respectively.
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Fig. 2 Mean monocular, distance corrected contrast sensitivity
under mesopic lighting conditions without glare (top graph), and
with glare (bottom graph) for first eyes at 3 months for ZENOOV
and ICBO0O. Error bars represent £SD.

Contrast sensitivity. Figure 2 presents the monocular, corrected
distance contrast sensitivity results at 3 months under mesopic
conditions with and without glare in both ZENOOV and ICBOO
groups. The mean values for contrast sensitivity were comparable
between the ZENOOV and ICB0OO IOL groups, with differences
between the IOL groups falling within 0.11log units for all
measured cycles per degree under both conditions for all spatial
frequencies.

Range of vision

Monocular distance corrected intermediate and near visual
acuities. The mean (+SD) monocular photopic DCIVA at 66 cm
was 0.13£0.08 logMAR (Snellen 20/25) in the ZENOOV group
compared to 0.18 £0.14 logMAR (Snellen 20/32) in the ICB0O
group. The ZCBOO group showed 0.34 £ 0.16 logMAR (Snellen 20/
40). In comparison to the ICBOO group ZENOOV group demon-
strated a statistically significant improvement in DCIVA of 0.05
logMAR (0.5 lines in Snellen equivalent; p = 0.0127).

The median monocular DCIVA at 6 months was 0.13 logMAR
(Snellen 20/25) for ZENOOV compared with 0.16 logMAR (Snellen
20/32) for ICB0O. Notably, the ZENOOV IOL demonstrated superior
and more consistent outcomes, with 81.7% (49/60) achieving 0.20
logMAR (Snellen 20/32) or better monocular DCIVA compared to
60.3% (35/58) in the ICBOO group. The ZCBOO group demon-
strated a median monocular DCIVA of 0.34 logMAR, with 18.5%
(24/131) achieving 0.20 logMAR (Snellen 20/32) or better.

The mean (£SD) monocular photopic DCNVA at 40 cm was
0.37+0.10 logMAR (Snellen 20/50) in the ZENOOV group and
0.43 +£0.16 logMAR (Snellen 20/50) in the ICBOO group showing a
statistically significant improvement of 0.06 logMAR (0.6 lines in
Snellen equivalent; p =0.0137). In comparison, the ZCB0OO group
showed 0.52 £ 0.19 logMAR (Snellen 20/70).
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Monocular distance-corrected defocus curves
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Fig. 3 Mean monocular, distance corrected defocus curves at
3 months for ZENOOV and ICBOO ranging from +1.00 D to —2.50 D
and at 6 months for ZCB0O (historical control), ranging from
+1.00 D to —2.50 D. The defocus curve for ZENOOV from +1.00 D to
—2.50 D, obtained with maximum plus refraction (MPMVA) sub-study,
is also depicted. Error bars represent +SE.

Monocular defocus curve. Figure 3 illustrates the monocular
distance-corrected defocus curves at 3 months for both the
ZENOOV and ICBOO groups. The 6-month defocus curve for ZCB0O
and for the subgroup of ZENOOV obtained with MPMVA are also
displayed. The monocular negative defocus range, where VA of
0.20 logMAR (Snellen 20/32) or better was achieved, extended to
—1.6 D for ZENOOV and —1.3 D for ICB0O at 3 months, —0.9 D for
ZCBOO at 6 months and —1.9D for ZENOOV with MPMVA. The
ZENOOV IOL outperformed the ICBOO and ZCB0O IOLs by —0.3 D
and —0.7D, respectively, in maintaining VA of 0.20 logMAR
(Snellen 20/32) or better, demonstrating an extended range of
vision. The ZENOOV IOL with MPMVA outperformed the standard
refraction by —0.3 D, underscoring the critical role of achieving
maximum plus refraction for assessing the performance of EDF
lenses [3]. The ZENOOV I0L with MPMVA surpassed the ICB0OO and
ZCBO0O0 I0Ls by —0.6 D and —1.0 D, respectively, in maintaining VA
of 0.20 logMAR (Snellen 20/32) or better.

Stratification by pupil size revealed no discernible pupil
dependency of the ZENOOV I0L when compared with ICBOO 10L
for pupils larger than 2.5 mm. The sample size for pupils smaller
than 2.5 mm was insufficient for meaningful between-group
comparisons.

Refractive outcomes. At 6 months, ZENOOV exhibited a mean
manifest refraction spherical equivalent (MRSE) of 0.083 +0.32D
and a mean refractive cylinder of 0.44+0.35D, compared to
—0.20+0.41D and 0.39+0.26 D for ICBOO, respectively. 91.7%
(55/60) of ZENOOV and 87.9% (51/58) of ICBOO first eyes achieved
absolute MRSE within +0.50 D of emmetropia. None of the
ZENOOV eyes had an MRSE exceeding +1.00 D, compared to 1.7%
(1/58) of ICBOO eyes. For refractive cylinder, none of the ICB0OO
eyes exceeded +1.00 D, compared to 6.7% (4/60) of ZENOQV eyes
(all within 1.00 to 1.50 D). Historical ZCBOO data at 6 months,
showed a mean MRSE of —0.18 £0.43D and a mean refractive
cylinder of 0.28 +0.33 D. 89.3% (117/131) achieved an absolute
MRSE within £0.50 D, 99.2% (130/131) within £1.00 D, and 87.0%
(114/131) achieved an absolute cylinder within +0.50D, and
98.5% (129/131) within £1.00 D.

Serious adverse events and device-related adverse events. Medical
complications/adverse events were similar between both the EDF
and enhanced monofocal IOL groups and compared favourably
to the ISO 11979-9 SPE rates [20]. Five ocular serious and/or
device-related adverse events (SAEs/ADEs) occurred in the study
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with three events occurring in the ZENOOV group and two in the
ICB00 group. Two SAEs required secondary surgical interventions
(SSls) for treatment. None of the events were unanticipated.

One ZENOOV AE was a bilateral device-related adverse event of
undesirable optic phenomenon. Two non-device-related SAEs in
ZENOOV eyes occurred: vitreous strand in a second eye which was
treated with Nd:YAG vitreolysis, and a report of toxic anterior
segment syndrome (TASS) in a first eye which was successfully
treated. Both events resolved without sequelae.

One ICB0O0 second eye experienced a non-device-related SAE of
cystoid macular oedema and an ICBOO first eye experienced a
possibly device-related SAE of capsular phimosis which was
treated with an YAG anterior capsulotomy. Both events resolved
without sequelae.

Other medical and lens findings/AEs in this study were typical
and within expected ranges for the test and control 10Ls.

DISCUSSION

The study results show that the TECNIS PureSee IOL (ZENOOV)
extends the range of vision and provides improved intermediate
and near vision while maintaining distance vision comparable to a
monofocal IOL. Subjects implanted with the PureSee IOL achieved
on average monocular distance-corrected visual acuity of 20/15
for distance and 20/25 for intermediate vision. The control lens in
this study, the TECNIS Eyhance (ICB00), is an enhanced monofocal
I0L which is designed to slightly increase the depth of focus [3]. In
comparison to this control, the PureSee IOL showed superior
intermediate vision and non-inferior distance vision. In defocus
testing, the PureSee IOL outperformed the enhanced and
standard monofocal IOLs by —0.3 D and —0.7 D, respectively, in
maintaining VA of 0.20 logMAR or better. Therefore, the PureSee
IOL is expected to meet all effectiveness criteria set forth by the
ANSI Z80.35-2018 standards.

The results of the sub-study demonstrated the importance of
refractive technique to assess the optimal performance char-
acteristics of presbyopia correcting IOLs (Fig. 3). The sub-study
using the MPMVA refraction technique increased the negative
monocular defocus range of PureSee by 0.3 D, thereby achieving
a total of —1.9D range over which the subjects were able to
maintain visual acuity of 0.20 logMAR or better. This would
suggest the negative defocus ranges for the PureSee IOL may be
greater than that of the enhanced and standard monofocal I10Ls
by —0.6D and —1.0D, respectively. A prior investigation [3]
showcased the advantage of employing maximum refractive
technique on visual performance with TECNIS Eyhance. Therefore,
adopting the approach of refracting patients with an emphasis on
maximum plus for best vision technique is instrumental in
maximizing both distance and intermediate vision for extended
depth of focus IOLs.

Current EDF and multifocal IOLs may be associated with
decreased contrast sensitivity [4, 6, 7, 9, 14]. In this study, the
PureSee IOL demonstrated no compromise in mean monocular
contrast sensitivity under mesopic conditions. Since there was no
compromise in contrast sensitivity with that enhanced monofocal
IOL compared to a standard monofocal [3], PureSee IOL contrast
sensitivity is expected to be on par with any aspheric monofocal
IOL, demonstrating a clinically beneficial technological advance-
ment in the EDF category.

Current EDF and multifocal IOLs are also known to have more
noticeable dysphotopsias than monofocal I0Ls [4, 7, 16]. While it
is difficult to directly compare patient reported outcomes across
studies due to the wide variety of questionnaires used, newer
lenses have tended to show decreased incidence of severe
dysphotopsias compared with previous generation of multifocals
[6]. In one study for the TECNIS Symfony IOL, the highest
incidence rate for the two worst categories of bother (out of five)
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for glare, halos and starbursts was 17.0%, compared to 6.8% for
the monofocal control [21]. In another recent study for the Vivity
EDF IOL, the highest incidence rate for similar parameters was
8.3% [22]. In this study, the direct assessment of dysphotopsias
using a validated patient-reported outcomes questionnaire
showed that the PureSee IOL provided a dysphotopsia profile
comparable to that of the monofocal control and likely on par
with current refractive EDF IOLs. The highest incidence rate of
very/extremely bothersome glare, halos and starbursts was 3.4%.
Most of the patients implanted with this new refractive EDF IOL
did not perceive or were not bothered by halos, starburst
and glare.

The strength of this study is the randomized, controlled trial
design, which eliminates systematic bias. In addition, both
evaluators and subjects were masked to IOL type, further
minimizing bias. Results from a standard monofocal I0L were
presented as historical data to enhance the understanding of the
effectiveness and safety of the ZENOOV EDF |IOL. However, future
trials could include an additional standard monofocal IOL arm for
direct comparison between the I0Ls.

In conclusion, the TECNIS PureSee IOL provides improved
intermediate and near vision while maintaining high-quality
distance vision, contrast sensitivity and low rates of bothersome
dysphotopsias. Although modern multifocal I0Ls are more likely
to provide better near vision and therefore, more spectacle
independence, than the EDF IOLs, each individual patient needs
to weigh whether that improvement outweighs the adverse
effects of multifocal IOLs, with increased rates of dysphotopsias
and loss in contrast.

SUMMARY

What was known before

® Standard monofocal IOLs often require patients to wear
spectacles for reading or other near and intermediate tasks.

® Multifocal 10Ls are able to provide good near and decent
intermediate vision, but are often associated with dyspho-
topsias (e.g., halos) and lower contrast sensitivity than
monofocal I0Ls.

What this study adds

® The TECNIS PureSee IOL is a novel and effective option for
cataract surgery patients, providing greater depth of focus
with superior intermediate and near vision than an enhanced
monofocal IOL and excellent distance vision, contrast
sensitivity, and low levels of visual symptoms similar to a
monofocal IOL.
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