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trifocal intraocular lens with centralized
diffractive rings: Two-year results

Jozsef E. Gyory, MD, Edina Madar, MD, Sathish Srinivasan, FRCSEd, FRCOphth, FACS

Purpose: To compare the optical performance and quality of life
after implantation of a new progressively apodized diffractive multi-
focal intraocular lens (IOL) and report the visual and patient-
reported outcomes and contrast sensitivity.

Setting: Csolnoky Ferenc Hospital, Veszprem, Hungary.
Design: Prospective case series.

Methods: Patients had bilateral implantation of the trifocal IOL
during cataract surgery. The preoperative corrected distance vi-
sual acuity (CDVA) and postoperative uncorrected distance vi-
sual acuity (UDVA), CDVA, uncorrected (UIVA) and corrected
(CIVA) intermediate visual acuities, and uncorrected (UNVA)
and corrected (CNVA) near visual acuities (all logarithm of the
minimum angle of resolution) were collected. Contrast sensi-
tivity, slittamp photographs for evaluation of posterior capsule
opacification, and a quality-of-vision questionnaire were
assessed.

surgical procedure worldwide, with more than 4.2

million cataract procedures performed across the
European Union member states per annum.' Modern-
day cataract surgery has evolved into refractive cataract
surgery in which the surgeon can customize and tailor
the refractive outcomes for each individual patient. With
modern lifestyles, patients expect and demand a good
functional range of unaided vision after cataract surgery.
Multifocal intraocular lens (IOL) implantation during
cataract surgery has become an important tool in rehabil-
itating and meeting the visual needs of patients. Since the
introduction of the first multifocal IOL in the 1990s, tech-
nological advancements have led to a plethora of IOL
choices.

C ataract surgery is the most commonly performed

Results: The study comprised 100 eyes (50 patients). The mean
postoperative UDVA was 0.01 at 3, 6, 12, and 24 months. The
mean CDVA was —0.02 + 0.03 (SD) at 6 months, —0.04 + 0.05
at 1 year, and 0.06 + 0.05 at 2 years. The mean UIVA was
0.05 + 0.11, 0.04 £ 0.09, and 0.06 £ 0.11, respectively. The
mean CIVA was -0.01 + 0.07, -002 + 0.06, and
—0.01 £ 0.07, respectively. The mean UNVA was 0.08 £ 0.08,
0.07 + 0.08, and 0.10 + 0.09, respectively. The mean CNVA was
0.03 + 0.06 at 3 months, 0.04 + 0.05 at 1 year, and 0.05 + 0.07
at 2 years. The mesopic and photopic contrast sensitivity values
were within the upper normal range for age-matched values.

Conclusions: Bilateral implantation of a new trifocal IOL with
centralized diffractive rings provided good functional vision at
all distances. The levels of spectacle independence and patient
satisfaction were high with minimal dysphotopsia symtoms.

J Cataract Refract Surg 2019; 45:639-646 Crown Copyright © 2019 Pub-
lished by Elsevier Inc. on behalf of ASCRS and ESCRS. All rights reserved.

At present, the choices of presbyopia-correcting IOLs
include diffractive bifocal, segmental bifocal, trifocal, and
extended depth of focus. A recent Cochrane review” re-
ported that multifocal IOLs are effective in improving the
near vision and patients receiving multifocal IOLs are less
likely to be spectacle dependent than patients receiving
monovision IOLs. Most first-generation multifocal IOLs
incorporated a 4.0 diopter (D) reading addition (add) at
the lenticular plane to minimize the risk for diplopia and
image confusion resulting from the superimposition of
simultaneous sharp images and defocused images while still
enabling useful near vision. Defocus curves of the multi-
focal IOLs show 2 visual peaks at distance and near, with
patients missing out on intermediate vision between
60 cm and 80 cm. Subsequent generations of multifocal
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IOLs have reduced the near add, which ranges from 3.00 to
2.50 D, in an attempt to improve intermediate vision.™*
More recently, IOLs with trifocal optics were introduced
to enhance intermediate vision. Further optical modifica-
tions, including variations in asphericity and diffractive
step profile variations, have been developed to improve
the quality of vision.””” The third foci generated by these
IOLs are obtained by combining 2 bifocal diffractive pro-
files on 1 surface of the IOL® or by using a trifocal diffractive
profile combined with a bifocal diffractive optic.” Trifocal
diffractive IOL reportedly “smooth out” the defocus
curve and provide a good range of vision from 0.00 to
—3.00 D.”'” We report the visual and refractive outcomes
and contrast sensitivity in eyes that had bilateral implanta-
tion of a new hydrophilic progressively apodized
diffractive-refractive trifocal IOL during cataract surgery.

PATIENTS AND METHODS

In this prospective single-center trial, patients had cataract surgery
with bilateral implantation of an apodized diffractive-refractive
trifocal IOL performed by the same surgeon (J.F.G.). All patients
provided informed consent preoperatively after receiving a
detailed explanation of the surgery, possible benefits, and risks.
The study was performed in accordance with the tenets of the
Declaration of Helsinki and was approved by the Health Science
and Research Ethical Board Committee of Hungary (OGYEI,
Hungarian Health Authority, reference: 032802/2014/0TIG).

The inclusion criteria were age more than 35 years, bilateral
cataract, and preexisting corneal astigmatism less than 1.25 D.
The exclusion criteria were coexisting ocular morbidities
including preexisting corneal scars, macular pathology, and
amblyopia.

Preoperative Assessment

All patients had a complete ocular examination including uncor-
rected (UDVA) and corrected (CDVA) distance visual acuities
and near acuity measurements with Early Treatment Diabetic
Retinopathy Study and Radner charts, respectively; applanation
tonometry; and dilated posterior segment evaluation. All patients
had noncontact biometry (IOLMaster, Carl Zeiss Meditec AG)
and optical coherence tomography (Spectralis, Heidelberg
Engineering GmbH) of the macula. A proprietary online calcu-
lator from the manufacturer was used for IOL power
calculations.” The IOL power was calculated to achieve emmetro-
pia in all cases.

Intraocular Lens

The Liberty Bi-Flex 677MY (Medicontur Medical Engineering
Ltd., Inc.) is a trifocal single-piece aspheric. It is made of hydro-
philic acrylic with an ultraviolet filter and a yellow filter. The
IOL has very low chromatic aberration (Abbe number 58). The
optic diameter is 6.0 mm, and the overall length is 13.0 mm. It
has a 360-degree square edge, which includes the haptic-optic
junction. The IOL has a closed double C-loop haptic design with
planar angulation (Figure 1). The haptics have an 88.8-degree con-
tact angle, with the equatorial part of the capsular bag designed to
provide enhanced stability and centration in the capsular bag. The
anterior surface of the optic has a progressively apodized diffrac-
tive zone. Unlike the other trifocal IOLs, this IOL has only 7
concentric diffractive steps that are located in the central
3.0 mm zone of the optic. These apodized diffractive rings are ar-
ranged in a configuration that causes an elevated phase shift of the
interference patterns, providing distance and near foci; the
constructive interference of the far and near foci produces an in-
termediate peak for intermediate vision (Figure 2). The IOL power

Volume 45 Issue 5 May 2019

A

Figure 1. A: Trifocal IOL with central 7 diffractive rings. B: Clin-
ical photograph of the trifocal IOL in the capsular bag
(IOL = intraocular lens).

ranges from 0.0 to 30.0 D in 0.5 D increments and from 31.0 to
35.0 D in 1.0 D increments. It has an intermediate add of 1.75 D
and near-vision add of 3.5 D at the IOL plane, which translate
to 1.35 D and 2.70 D at the spectacle plane, respectively. The
IOL is injected through a 2.2 mm clear corneal incision with a
custom injector.

Surgical Technique

Surgery was performed using a standard technique of sutureless
phacoemulsification through a temporal 2.65 mm clear corneal
incision under topical anesthesia of oxybuprocaine hydrochloride
0.4% (Humacain). In cases in which the preexisting corneal astig-
matism exceeded 0.75 D, the clear corneal incision was placed in
the steep meridian. After cataract extraction, the trifocal IOL
was loaded into a custom cartridge and injected into the capsular
bag. Postoperatively, all patients received topical moxifloxacin
(Vigamox), nepafenac (Nevanac), and dexamethasone (Maxidex)
for 4 weeks.

Postoperative Assessment

Postoperatively, all patients were evaluated at 1 day, 1 week, and 1,
3, 6, 12, and 24 months. At each visit, the UDVA and CDVA at
6 m, uncorrected (UIVA) and corrected intermediate (CIVA) vi-
sual acuities at 60 cm, and uncorrected (UNVA) and corrected
(CNVA) near visual acuities at 40 cm were measured. During
each visit, digital slittamp photographs were obtained with the pu-
pil dilated to determine whether posterior capsule opacification
was present. Postoperatively, all patients filled in a quality-
of-life questionnaire” (National Eye Institute Visual Functioning
Questionnaire-25 [VFQ-25]) at 3, 6, 12, and 24 months.

Contrast Sensitivity

Contrast sensitivity was measured with a standardized contrast
sensitivity chart (CSV 1000, Vision Sciences Research Corp.).
The chart provides a fluorescent luminance source that retroillu-
minates a translucent chart. The instrument houses a series of
photocells that automatically monitor and calibrate the instru-
ment light level to 85 candelas/m® + log unit. The testing light
levels were all within 0.1 log unit at each spatial frequency. At
a testing distance of 8 feet, the translucent chart presents the
following 4 spatial frequencies: 3, 6, 12, and 18 cycles per degree
(cpd). Each spatial frequency is presented on a separate test row.
Each row represents 17 circular patches that are 1.5 inches in
diameter. The first patch in each row is a test sample patch that
represents a very-high-contrast grating. The remaining 16 patches
appear in 8 columns presented across the row. In each column,
one patch represents grating and the other patch is blank. The
patches with gratings decrease in contrast moving from left to
right across the row. The patient is directed to observe the first
sample patch and to look for grating patterns in each column.
The contrast level of the last correct response is recorded as the
contrast threshold. The other option to test contrast threshold
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Figure 2. Schematic diagram of the elevated phase shift technology. (*Patent pending by Medicontur Ltd.)

would be the online computer-based Frankfurt Freiburg contrast
and acuity test system. This system was not used because in the au-
thors’ experience, the CSV 1000 is a more robust and standardized
way of measuring contrast sensitivity and the authors have more
experience using this system. Contrast sensitivity was measured
postoperatively at 3, 6, 12, and 24 months.

Statistical Analysis
For contrast sensitivity, descriptive statistics for each spatial fre-
quency and postoperative follow-up visit were performed.
Normality of data was evaluated using the Shapiro-Wilk test.
The nonparametric Kruskal-Wallis test with Dunn multiple com-
parisons was performed to analyze the mean rank differences be-
tween the follow-up visits at each spatial frequency. A P value less
than 0.05 was considered significant. Statistical analysis was per-
formed using Prism 7 software (GraphPad Software).
Monocular and binocular defocus curve measurements were
performed at 6-, 12-, and 24-month visits. Data collected were
entered in an Excel spreadsheet (version 14.0.7181.5000, Micro-
soft Corp.). Statistical analysis was performed with SPSS for Win-
dows software (version 21.0, IBM Corp.). The mean values and
standard deviations were calculated for every parameter. The
Wilcoxon rank-sum test, a nonparametric statistical test, was
applied to assess the significance of differences in parameters
between postoperative follow-ups (P < .05).

RESULTS

The study comprised 100 eyes (50 patients). The mean age
of the cohort was 60.74 years (range 36 to 81 years). No pa-
tient was lost to follow-up at 1 year; however, 9 eyes were
lost to follow-up at 2 years. There were no intraoperative
or postoperative complications during the 1-year follow-up.

Visual Acuity and Refraction

The mean postoperative UDVA was 0.01 logarithm of the
minimum angle of resolution (logMAR) at 3, 6, 12, and
24 months. The mean CDVA was —0.02 £ 0.03 logMAR
at 3 and 6 months, —0.04 £ 0.05 logMAR at 1 year, and
0.06 + 0.05 logMAR at 2 years. The mean UIVA
was 0.05 £ 0.11 logMAR, 0.04 *+ 0.09 logMAR, and
0.06 & 0.11 logMAR, respectively The mean CIVA was
—0.01 + 0.07 logMAR, —0.02 + 0.06 logMAR, and
—0.01 £ 0.07 logMAR, respectively. The mean UNVA
was 0.08 £ 0.08 logMAR, 0.07 0.08 logMAR, and

0.10 & 0.09 logMAR, respectively. The mean CNVA was

0.03 + 0.06 logMAR at 3 months, 0.04 + 0.05 logMAR
at 1 year, and 0.05 X 0.07 logMAR at 2 years.

Figure 3 shows the cumulative postoperative UDVA
compared with the postoperative CDVA at 3, 6, 12, and
24 months. Figure 4 shows the cumulative postoperative
UIVA compared with the postoperative CIVA over time.
Figure 5 shows the postoperative UNVA compared with
the postoperative CNVA over time. Fifty-four eyes (54%)
had the same UDVA as the CDVA, and 91 eyes (91%)
were within 1 line of the CDVA (Figure 6).

Ninety-four eyes (94%) were within +0.50 D of the
expected postoperative mean spherical equivalent
(Figure 7). Postoperatively, the refractive cylinder was
than 0.50 D in 96 eyes (96%) (Figure 8).

Defocus Curves

Figure 9 shows the mean logMAR visual acuities for
different defocus values 12 months and 24 months postop-
eratively. The results show that the trifocal IOL provided
good levels of functional vision from +0.50 D to —3.00
D at the 2-year follow-up.

Contrast Sensitivity

Figure 10 shows the mean postoperative contrast sensitivity
at 3, 6, 12, and 24 months. The contrast sensitivity values
were in the upper third range of age-matched normal
values. The mean values at low, medium, and higher spatial
frequencies remained unchanged until 1 year postopera-
tively. At 2 years, however, the mean values were significantly
reduced at low spatial frequencies (3 cpd and 6 cpd) under
mesopic conditions (P = .009 and P < .038, respectively).
Under scotopic conditions at 2 years, all spatial frequencies
except 3 cpd showed a significant reduction (6 cpd:
P = .0098; 12 cpd: P = .0018; 18 cpd: P = .0126).

Patient-Reported Outcome Measures

After surgery, all patients in the cohort completed the VFQ-
25 at 3, 6, 12, and 24 months. The cumulative results are
summarized in Table 1. Twenty-eight patients (56%)
reported no to mild halos, while 18 patients (36%) reported
no to mild difficulty with nighttime driving.
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DISCUSSION

The loss of near vision in presbyopic patients negatively
affects the quality of life.''” In a population study based
in the United States, McDonnell et al.'” found that pres-
byopia was associated with substantial negative effects
on health-related quality of life. At present, the surgical
strategies for treating presbyopia can be broadly
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classified as techniques that work at the corneal plane
and those that work at the lenticular plane. However,
the lenticular option seems to be preferred for correcting
presbyopia in older presbyopic patients and in patients
with cataracts.

Traditionally, surgeons implanted a monofocal IOL
during cataract surgery, which provided optical
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correction at distance only. Thus, patients required spec-
tacle correction for intermediate vision and near vision
postoperatively. Monovision with monofocal IOLs was
tried as an option to decrease the dependency of spec-
tacle wear for near vision. However, the optics and design
of presbyopia-correcting IOLs have advanced in the
past 3 decades. The first US. Food and Drug
Administration-approved multifocal IOL was the Array
(Advanced Medical Optics, Inc.) in 1997."° The optics
of multifocal IOLs are designed to provide functional
vision at distance and near by creating 2 retinal images
corresponding to focused light rays from distance objects
and near objects. This creates what has been termed
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Figure 6. Difference between the postoperative UDVA and preoper-
ative CDVA (CDVA = corrected distance visual acuity; UDVA = un-
corrected distance visual acuity).
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simultaneous vision."* Designs based on diffractive optics
have produced better near vision and greater spectacle
independence than refractive multifocal IOLs with
similar levels of visual symptoms.”'” However, the lack
of intermediate vision with traditional multifocal IOLs'®
has led manufacturers to develop trifocal IOLs to provide
better quality of vision at distance, intermediate, and
near. At present, outside the U.S., several trifocal IOLs
are available from different manufacturers (AT LISA tri
839MP, Carl Zeiss Meditec AG; FineVision Micro F,
PhysIOL, Inc.; PanOptix, Alcon Laboratories, Inc.). Pre-
vious studies'’ ** have shown that trifocal IOLs provide
good functional vision at all distances (including inter-
mediate) with high levels of spectacle independence and
patient satisfaction.
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Figure 7. Spread of postoperative mean spherical equivalent.
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In this prospective study, 50 patients who had bilateral
implantation of the Liberty Bi-Flex 677MY trifocal IOL
were followed for 2 years. The optical principle and struc-
tural arrangement of the diffractive rings of the trifocal
IOL used in this study differ from those of other commer-
cially available trifocal IOLs. The IOL uses an elevated
phase slit technology that causes constructive interference
in the wavefront, providing an intermediate peak for in-
termediate vision. With other trifocal IOLs, the third
foci are generated by combining 2 bifocal diffractive pro-
files on a single surface® or by using a trifocal diffractive
profile combined with a bifocal diffractive optic.” More-
over, the Liberty Bi-Flex 677MY trifocal IOL has 7 diffrac-
tive rings that are progressively apodized and located in
the central 3.00 mm of the 6.00 mm optic, with the rest
of the optic being a refractive surface. In comparison,
the trifocal AT LISA 839MP IOL has 21 to 29 diffractive
rings in the central 4.34 mm zone of the 6.00 optic. The
FineVision trifocal IOL has 26 diffractive rings across
the entire 6.15 mm optic. The PanOptix trifocal IOL
has 15 diffractive rings across the central 4.50 mm of
the optic.
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In our cohort, the mean postoperative binocular UDVA
was 0.01 logMAR at 3, 6,12, and 24 months. The mean
UIVA was 0.05 logMAR at 6 months, 0.04 logMAR at
1 year, and 0.06 logMAR at 2 years. The mean UNVA
was 0.08 logMAR, 0.07 logMAR, and 0.10 logMAR, respec-
tively. We presented the visual outcome results according to
the recommendations of a joint editorial by the editors of
the Journal of Cataract & Refractive Surgery and the Journal
of Refractive Surgery.”” The postoperative UDVA was the
same as or better than the postoperative CDVA in 54% of
cases and within 1 line in 91%.

Our visual outcomes compare favorably with other pub-
lished data on trifocal IOLs.”** Mojzis et al.” reported first
on the clinical results of the AT LISA tri 839MP trifocal dif-
fractive IOL. In their prospective study of 60 eyes followed
for 6 months, the mean postoperative UDVA, UIVA, and
UNVA were —0.03 £ 0.09 logMAR, 0.08 £ 0.10 logMAR,
0.20 + 0.12 logMAR, respectively. In a prospective ran-
domized study comparing the results of bilateral implanta-
tion of the FineVision IOL or the bifocal AcrySof ReSTOR
+3.00 IOL (Alcon Laboratories, Inc.), Jonker et al.* re-
ported visual acuities of 0.01 =+ 0.11 logMAR,
0.32 £ 0.15 logMAR, and 0.15 £ 0.13 logMAR for
UDVA, UIVA, UNVA, respectively, in the trifocal group.
With regard to the defocus curve analysis, the Liberty Bi-
Flex 677MY trifocal IOL provided better visual acuity in
the defocus range of +0.50 to —3.00 D compared with
the published data for the AT LISA tri 839MP trifocal
IOL and the PanOptix IOL.”*** Our results are in accor-
dance with those in a study by Ferndndez et al.* that eval-
uated the same type of trifocal IOL.

A critical issue with the use of a diffractive optics IOL
is the quality of vision with regard to contrast sensitivity
and postoperative glare, halos, and dysphotopsia symp-
toms. In the current study, we evaluated photopic and
mesopic contrast sensitivity prospectively at 3, 6, 12,
and 24 months. Our results are very similar to those re-
ported for different bifocal and trifocal IOLs.”” However,
at the 2-year follow-up, there was a significant reduction

Figure 9. Binocular defocus curve (means + SD)
(logMAR = logarithm of the minimum angle of resolu-
tion).
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Figure 10. Photopic and mesopic contrast sensitivity (CSV 1000 = contrast sensitivity chart used in study).

in contrast sensitivity at low spatial frequencies (3 cpd
and 6 cpd) (P = .009 and P < .038, respectively)
compared with 1-year results. The difference might be
attributed to early subclinical posterior capsule opacifi-
cation. All patients in the cohort completed the VFQ-
25 visual functioning questionnaire, on which 96% of pa-
tients reported no to mild halos and 96% reported no to
mild difficulty with night driving. This high level of pa-
tient satisfaction with minimal postoperative visual

symptoms might be attributable to the minimal diffrac-
tive steps limited to the central 3.00 of the optic of the
trifocal IOL.

In conclusion, this new diffractive-refractive trifocal IOL
with central apodized diffractive rings seems to provide
good unaided functional vision for distance, intermediate,
and near. The level of patient satisfaction was high. Howev-
er, a randomized study is required to compare this new
trifocal IOL with others on the market.

Table 1. National Eye Institute Visual Functioning Questionnaire (N = 50).
Score

1 2 3 4 5 6
VFQ-25 Item (No Problem) (Mild) (Moderate) | (Severe) (Bad) (NA)
Glare/flare (trouble seeing street signs due to bright light or 27 20 2 1 = =

oncoming headlight?)
Night vision 49 1 — — — _
Color perception (trouble recognizing specific colors) 50 — — — — —
Halos (rings around lights) 20 28 1 1 = =
Depth perception (trouble lining things up, pouring liquids, 50 = = = = =
or going down stairs)

Distorted near vision (straight lines looked crooked close up) 50 — — — — —
Distorted distance vision (straight lines looked crooked at distance) 50 = = = = =
Blurred near vision 49 1 — — — _
Blurred far vision 50 — — — _ _
Double vision 49 1(?) — = — _
Playing or working outside 50 — = — — _
Caring for/playing with children 50 — — — — _
Reading the time on an alarm clock 48 2 — = — _
Seeing clearly when you wake up 46 4 — — — —
Reading the time on a wall clock 50 — — — _ _
Performing your job/hobbies 48 2 — — — _
Participating in sports/recreation 50 — — — — _
Participating in social events 50 — — — _
Reading and near work activities 48 2 — — — _
Driving at night 30 18 2 — = —
Driving when it is raining 48 2 — — _ _
Using a computer 46 2 2 — — —
Cooking 50 — — — _ _
Shopping 50 — — — — _
Watching TV or movies 48 2 — — — _

NA = not applicable; VFQ = Visual Functioning Questionnaire
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DIFFRACTIVE-REFRACTIVE TRIFOCAL IOL

WHAT WAS KNOWN

e Traditional bifocal intraocular lenses (IOLs) provide good
distance and intermediate vision but lack intermediate vision.

e Trifocal IOLs provide good functional distance, intermediate,
and near vision, thereby providing greater spectacle
independence.

WHAT THIS PAPER ADDS

e Anew design of a hydrophilic diffractive—refractive trifocal IOL
seemed to provide good functional vision across all distances.

e The centralized apodized diffractive rings seemed to reduce
patients’ symptoms of postoperative glare and halos while
providing a high level of patient satisfaction.
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