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JULIO BAVIERA, AND FERNANDO LLOVET-OSUNA
� PURPOSE: To investigate refractive and visual acuity
outcomes, patient satisfaction, and spectacle indepen-
dence at 3 months of 2 diffractive (non-toric) trifocal
intraocular lenses (IOLs) in a large series of patients.
� DESIGN: Multicenter, retrospective, nonrandomized
clinical study.
� METHODS: Patients underwent lens phacoemulsifica-
tion and were implanted bilaterally with a diffractive
trifocal IOL: FineVision Micro F (PhysIOL SA, Liège,
Belgium) or AT Lisa tri 839MP (Carl Zeiss AG, Jena,
Germany). Surgeries were performed between 2011 and
2015 with at least 3 months of follow-up. Visual and
refractive performance, patient satisfaction, and spectacle
independence were evaluated.
� RESULTS: A total of 10 084 trifocal IOLs were bilater-
ally implanted (5802 FineVision in 2901 patients and
4282 AT Lisa in 2141 patients). Three-month mean (±
standard deviation) acuity:ATLisa, binocular uncorrected
distance visual acuity (UDVA), L0.01 logMAR ± 0.06;
monocular distance corrected visual acuity (CDVA),
0.02 logMAR ± 0.06; binocular uncorrected near visual
acuity (UNVA) at 40 cm, 0.05 logMAR± 0.08; binocular
uncorrected intermediate visual acuity (UIVA) at
80 cm, L0.05 logMAR ± 0.14; postoperative spherical
equivalent, 0.26D±0.47; cylinderL0.34D±0.38; Fine-
Vision Micro F, binocular UDVA, 0.01 logMAR ± 0.05;
monocular CDVA, 0.03 logMAR ± 0.06; binocular
UNVA, 0.05 logMAR ± 0.08; binocular UIVA, L0.05
logMAR ± 0.12; spherical equivalent, 0.34 D ± 0.50;
cylinder L0.39 D ± 0.40. The IOLs were equivalent in
achieving spectacle independence; 98% were ‘‘satisfied’’
to ‘‘very satisfied’’ with their IOL performance.
� CONCLUSIONS: In this retrospective study with over
5000 patients, implantation of both trifocal IOL models
provided good functional distance, intermediate, and
near visual acuity, resulting in high levels of both spec-
tacle independence and patient satisfaction. (Am J
r publication Apr 19, 2017.
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D
IFFERENT MULTIFOCAL INTRAOCULAR LENS

(MIOL) designs have been used for more than
25 years.1 Unlike conventional monofocal intra-

ocular lenses (IOLs), which bend light to a single focus
point on the retina, MIOLs are designed to help patients
to see at varying distances using different points of focus.
MIOLs used in clinical practice were either refractive
initially, or later diffractive in their optical design. Refrac-
tive MIOLs incorporate a lens optic with different optical
powers in different parts of the lens, whereas diffractive
MIOLs use diffractive steps on the lens to distribute light
rays into 2 or more principal foci. Irrespective of the design
type, however, all MIOLs involve some form of optical
compromise and a process of neuroadaptation for the
patient.2

Most first-generation multifocal implants incorpo-
rated þ4.0 diopters (D) addition at the lens plane to mini-
mize the risk of diplopia resulting from the superimposition
of simultaneous sharp and defocused images, while still
enabling useful near vision. More recently, the introduc-
tion of lower near additions in the range of þ2.5 D
to þ3.0 D, and mix-and-match strategies with different
near additions, attempted to increase visual acuity at an in-
termediate distance.3,4 This improvement in optic lens
design, however, has not been sufficient to provide
satisfactory intermediate vision for all patients implanted
with these bifocal IOLs,5 prompting manufacturers to
develop a new concept—trifocal MIOLs—in an effort to
improve quality of vision at all distances. The 3 foci gener-
ated by these lenses are obtained by combining 2 bifocal
diffractive profiles in 1 surface of the IOL6 or by using a
trifocal diffractive profile combined with a bifocal diffrac-
tive optic.7 Initial studies of trifocal lenses have validated
the ability of the eye to use the intermediate focus regard-
less of lighting conditions and deliver good visual and
refractive outcomes.8–15 For instance, Jonker and
associates reported an improvement in intermediate
vision obtained with a trifocal lens compared to a
reference bifocal implant.16 Another study correlating op-
tical bench performance with clinical defocus curves in
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FIGURE 1. Questionnaire that was given to the patient, with the scores attributed marked in red.
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FIGURE 2. AT Lisa tri 839MP intraocular lens. FIGURE 3. FineVision Micro F intraocular lens.
varifocal and trifocal intraocular lenses showed inferior re-
sults for a trifocal IOL compared with a bifocal rotationally
asymmetric refractive implant, but noted that the results
were nevertheless satisfactory.17 These outcomes were
somewhat inconsistent with the results of a previously
published study of defocus curves by Wolffsohn and associ-
ates.18 Recently, findings from our own research group also
showed that bilateral implantation of trifocal IOLs
provided a better range of visual acuities at near and inter-
mediate distances with better defocus curve profiles than
mix-and-match bifocal IOLs.19 Finally, a clinical trial
comparing the FineVision Micro F and AT Lisa tri
839MP IOLs in 30 patients who underwent bilateral
implantation with the same lens found that both trifocal
MIOLs were associated with excellent distance, intermedi-
ate, and near visual outcomes at 3 months.20

Nevertheless, despite the very good results obtained with
the latest generation of MIOLs, many surgeons remain
reluctant to implant these lenses. Visual symptoms such
as glare and haloes, reduced contrast sensitivity, and night
vision problems are all known complications of multifocal
implants and have served to hamper wider acceptance of
these IOLs.21

This paper explores the retrospective analysis of over 10
000 trifocal implantations performed in the Baviera Clinics
in Spain, since the first trifocal IOL was implanted in 2011
by our group.
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METHODS

IN THIS MULTICENTER, MULTISURGEON STUDY, DATAWERE

analyzed from patients who underwent clear lens or cata-
ract surgery and implantation with 1 of 2 trifocal IOLs:
the FineVision Micro F (PhysIOL SA, Liège, Belgium) or
the AT Lisa tri 839MP (Carl Zeiss AG, Jena, Germany).
The study was performed in accordance with the principles
of the Declaration of Helsinki. Institutional review board
approval was obtained from the Clı́nica Baviera medico-
legal committee prior to study commencement.
Patients underwent surgery in any of the 24 surgical cen-

ters of Clı́nica Baviera, Spain, by 47 different experienced
surgeons, using the same surgical protocol, instruments,
and devices. Each surgical center implanted 1 or both types
of non-toric trifocal IOL. Preoperatively, patients received
detailed information regarding the surgical procedure and
vision concerns after trifocal IOL implantation, and pro-
vided written consent for their surgical procedure and for
anonymous medical records and data revision for investiga-
tion purposes. All surgeries took place between October
2011 and May 2015, and only patients with at least
3 months of follow-up were included in the analysis. Eyes
with any significant intraoperative or postoperative
complication not related to the IOL were excluded from
the analysis. Data were recorded from the central
57ALLY IN OVER 5000 PATIENTS



TABLE 1. Average Age and Proportion per Sex of Patients for Each Study Group Implanted With 1 of 2 Diffractive Trifocal
Intraocular Lenses

IOL

P ValueAT Lisaa (N ¼ 4282 Patients) FineVisionb (N ¼ 5802 Patients)

Age (y) 6 SD (range) 57.74 6 7.94 (20–85) 57.72 6 7.95 (23–88) .895

Sex 61.07% women; 38.93% men 59.10% women; 40.90% men .046

IOL ¼ intraocular lens.
aAT Lisa tri 839 (Carl Zeiss AG, Jena, Germany).
bFineVision Micro F (PhysIOL SA, Liège, Belgium).

TABLE 2. PreoperativeMean Keratometry, Selected Intraocular Lens Power, and Axial Length for Each Study Group ImplantedWith 1
of 2 Diffractive Trifocal Intraocular Lenses

IOL

P ValueAT Lisaa (N ¼ 4282 Patients) FineVisionb (N ¼ 5802 Patients)

K (D) 6 SD (range) 43.55 6 1.5 (37.45–49.5) 43.56 6 1.47 (37.5–50) NS, P ¼ .743

IOL power (D) 6 SD (range) 22.39 6 4.33 (1.5–32) 23.06 6 3.79 (10–35) P < .001

Axial length (mm) 6 SD (range) 23.1 6 1.47 (19.36–30.5) 22.92 6 1.20 (19.5–29.41) P < .001

D ¼ diopter; IOL ¼ intraocular lens; K ¼ keratometry; NS ¼ not significant.
aAT Lisa tri 839 (Carl Zeiss AG, Jena, Germany).
bFineVision Micro F (PhysIOL SA, Liège, Belgium).
computerized medical file system from Clı́nica Baviera.
The system contains all the medical records and surgical
data from all the patients evaluated in Clı́nica Baviera.

Routine preoperative and postoperative outcomes and
complications were collected and analyzed. Patient satis-
faction data derived from the Clı́nica Baviera satisfaction
questionnaire were also included.

Inclusion criteria included patients aged 21–70 years
who required bilateral cataract or refractive lens exchange,
followed by trifocal IOL implantation. Patients were
required to have 1.5 D or less of regular preoperative astig-
matism determined by autokeratometry. Exclusion criteria
were planned multiple refractive procedures, amblyopia,
previous corneal surgery, clinically significant corneal
endothelial dystrophy (eg, Fuchs dystrophy), history of
corneal disease (eg, herpes simplex, herpes zoster keratitis),
history of retinal detachment, neuro-ophthalmic disease,
pregnancy, and intraoperative or postoperative complica-
tions, not related to the IOL design, that may have
impaired visual result (eg, intraoperative posterior capsule
rupture with anterior vitrectomy, postoperative retinal
detachment, or chronic cystoid macular edema).

� PREOPERATIVE ASSESSMENT: Preoperatively, all pa-
tients had a full ophthalmologic examination including
58 AMERICAN JOURNAL OF
refractive status, uncorrected distance visual acuity
(UDVA), corrected distance visual acuity (CDVA), un-
corrected intermediate visual acuity (UIVA) at 80 cm, un-
corrected near visual acuity (UNVA) at 40 cm (visual
acuities were tested under photopic conditions, at approx-
imately 85 cd/m2), corneal topography (Orbscan II; Bausch
& Lomb, Houston, Texas, USA), slit-lamp and eye fundus
evaluation, endothelial cell count analysis (SP 3000P;
Topcon, Capelle aan den Ijssel, Netherlands), and optical
biometry measurements by partial coherence interferom-
etry (PCI) (IOLMaster; Carl Zeiss Meditec AG, Jena, Ger-
many), and/or immersion ultrasonic biometry (Ocuscan
RPX; Alcon). IOL power selection was performed accord-
ing to the experienced surgeon criteria. The target for all
eyes with both types of IOL was emmetropia.

� SURGERY: The technique included a 2.75-mm incision in
the temporal or steepest meridian, a capsulorrhexis diameter
of approximately 5.0 mm, hydrodissection, phacoemulsifica-
tion, irrigation/aspiration of cortical remnants, IOL implan-
tation in the capsular bag, and intracameral injection of
cefuroxime. The side ports were hydrated in all cases;
main incisions were hydrated only if necessary. Postopera-
tively, topical therapy included a combination of antibiotic
and steroidal agents (tobramycin 0.3% and dexamethasone
JULY 2017OPHTHALMOLOGY



TABLE 3. Visual Acuity and Refractive Outcomes for Each Study Group Implanted With 1 of 2 Diffractive Trifocal Intraocular Lenses

IOL

P ValueAT Lisaa (N ¼ 4282 Patients) FineVisionb (N ¼ 5802 Patients)

Preoperative clinical information

Monocular UDVA (logMAR), 6 SD (range)

[Snellen]

0.75 6 0.55 (0 to 2)

[20/125]

0.72 6 0.51 (0 to 2)

[20/100]

.006

Monocular UIVA (logMAR), 6 SD (range)

[Snellen]

0.72 6 0.61 (0 to 2)

[20/100]

0.73 6 0.45 (0 to 2)

[20/100]

.352

Monocular UNVA (logMAR), 6 SD (range)

[Snellen]

0.71 6 0.21 (0 to 1.10)

[20/100]

0.72 6 0.23 (0 to 1.10)

[20/100]

.028

Monocular CDVA (logMAR), 6 SD (range)

[Snellen]

0.16 6 0.12 (-0.1 to 2)

[20/32]

0.18 6 0.12 (-0.1 to 2)

[20/32]

<.001

Postoperative outcomes at 3 months

Postoperative follow-up (mo), 6 SD (range) 3.18 6 0.47 (3.03–3.97) 3.29 6 0.41 (3.03–3.97) <.001

Monocular UDVA (logMAR), 6 SD (range)

[Snellen]

0.04 6 0.08 (-0.15 to 0.70)

[20/20]

0.06 6 0.08 (-0.10 to 0.82)

[20/25]

<.001

Binocular UDVA (logMAR), 6 SD (range)

[Snellen]

-0.01 6 0.06 (-0.20 to 0.3)

[20/20]

0.01 6 0.05 (-0.18 to 0.52)

[20/20]

<.001

Monocular UNVA (logMAR), 6 SD (range)

[Snellen]

0.07 6 0.10 (0.00 to 0.76)

[20/25]

0.08 6 0.10 (0.00 to 1.00)

[20/25]

<.001

Binocular UNVA (logMAR), 6 SD (range)

[Snellen]

0.05 6 0.08 (0.00 to 0.06)

[20/25]

0.05 6 0.08 (0.00 to 0.76)

[20/25]

1.000

Monocular UIVA (logMAR), 6 SD (range)

[Snellen]

0.00 6 0.17 (-0.3 to 0.6)

[20/20]

-0.01 6 0.15 (-0.3 to 0.7)

[20/10]

.002

Binocular UIVA (logMAR), 6 SD (range)

[Snellen]

-0.05 6 0.14 (-0.3 to 0.7)

[20/16]

-0.05 6 0.12 (-0.3 to 0.6)

[20/16]

1.000

Monocular CDVA (logMAR), 6 SD (range)

[Snellen]

0.02 6 0.06 (-0.18 to 0.7)

[20/20]

0.03 6 0.06 (-0.08 to 0.52)

[20/20]

<.001

Spherical equivalent (D), 6 SD (range) 0.26 6 0.47 (-1.25 to 3) 0.34 6 0.50 (-1.25 to 4.63) <.001

Cylinder (D), 6 SD (range) -0.34 6 0.38 (-2.5 to 0) -0.39 6 0.40 (-3.25 to 0) <.001

CDVA¼ corrected distance visual acuity; D¼ diopter; IOL¼ intraocular lens; UDVA¼ uncorrected distance visual acuity; UIVA¼ uncorrec-

ted intermediate visual acuity; UNVA ¼ uncorrected near visual acuity.
aAT Lisa tri 839 (Carl Zeiss AG, Jena, Germany).
bFineVision Micro F (PhysIOL SA, Liège, Belgium).
0.1%4 times a day for 1month andmoxifloxacin hydrochlo-
ride 0.5% 4 times a day for 1 week). The second eye was
operated on within 2 weeks of the initial procedure.

� POSTOPERATIVEASSESSMENT: Patients had a scheduled
follow-up assessment within 24 hours of the surgery, and
then 5–7 days, 1 month, and 3 months postoperatively. Pa-
tients were then discharged and asked to return for routine
follow-up visits every year thereafter.

� PATIENT SATISFACTION QUESTIONNAIRE: Figure 1
shows the patient satisfaction questionnaire that was used.

� INTRAOCULAR LENSES: The FineVision Micro F and
AT Lisa tri 839MP are both trifocal IOLs made of 25% hy-
drophilic acrylic materials.

The AT Lisa tri 839MP is a trifocal, diffractive lens with
a þ3.33 D near add and þ1.66 D intermediate add at the
IOL plane. The single-piece plate haptic lens has an overall
VOL. 179 TRIFOCAL IOLS IMPLANTED BILATER
diameter of 11.0 mm and an optical zone of 6.0 mm. The op-
tical zone is trifocal in the center over 4.34 mm and then
bifocal from4.34mmto6mm.The lens is available in a diopter
range from 0.0 to þ32.0 D, in 0.5-D increments (Figure 2).
The FineVision Micro F optic combines 2 diffractive

structures that are adjusted to offer the þ3.5 D addition
for near vision andþ1.75D addition for intermediate vision.
The single-piece 4-loop haptics lens has a total diameter of
10.75mm, an optic body diameter of 6.15mm, and 5 degrees
of haptic angulation. By varying the height of the diffractive
step, the amount of light distributed to the near, intermedi-
ate, and distant foci is adjusted according to the pupil aper-
ture (apodization). The lens is available in spherical powers
from þ10.0 D to þ35.0 D in 0.5-D increments (Figure 3).

� STATISTICAL ANALYSIS: The statistical calculations
were performed using R software version 3.2.1. Preopera-
tive outcomes were compared with postoperative results us-
ing a paired test.
59ALLY IN OVER 5000 PATIENTS



FIGURE 4. Distribution of the postoperative monocular uncor-
rected distance visual acuity (UDVA) with respect to the cho-
sen intraocular lens.

FIGURE 5. Distribution of the postoperative monocular uncor-
rected intermediate visual acuity (UIVA) with respect to the
chosen intraocular lens.

FIGURE 6. Distribution of the postoperative monocular uncor-
rected near visual acuity (UNVA) with respect to the chosen
intraocular lens.
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Age, sex, and IOL power were compared between groups.
The normality of the cohorts was tested with a
Kolmogorov-Smirnov test. Fisher exact test was used to
assess the sex balance of the 2 IOL groups (AT Lisa and
FineVision). Age difference and lens power difference
were assessed using t test for equal variances.

To compare outcomes before and after surgery of each
group, normality was first tested using the Kolmogorov-
Smirnov test. When normality was not achieved, a
nonparametric test—the Wilcoxon rank sum test—was
used for paired data.

The same methods were used to compare outcomes
before and after surgery between groups. The results are
expressed as the mean 6 standard deviation. A P value
of less than .05 was considered statistically significant.
RESULTS

A TOTAL OF 10 256 TRIFOCAL IOLS WERE UNEVENTFULLY

implanted between May 2011 and May 2015. Of these,
10 084 trifocal IOLs of 5048 patients (5802 FineVision
IOLs and 4282 AT Lisa tri IOLs) completed 3 months of
L OF
follow-up and were eligible for inclusion in the analysis
(86 patients were excluded from the study; 42 had incom-
plete data recording and 44 failed to complete at least
3 months of follow-up). The age and sex of the groups
are shown in Table 1. Their distributions were similar in
both groups of IOLs, with a majority of women and a rela-
tively young mean age for a lens surgery series, explained by
the fact that many patients received intervention primarily
for refractive purposes rather than for age-related cataracts.
The mean keratometry, the selected IOL power, and the

axial length in both groups of IOLs are presented in Table 2.

� VISUAL ACUITY AND REFRACTIVE OUTCOMES: Visual
outcomes available at 3 months postoperatively are shown
in Table 3. Patients had significantly better mean uncorrec-
ted visual acuities at all distances and CDVA after surgery
compared with preoperative values.
Postoperative spherical equivalent and cylinder were

minimally lower with AT Lisa tri than with FineVision.
Postoperative uncorrected visual acuities were thus signifi-
cantly better, albeit only marginally, with the AT Lisa tri at
far (both monocularly and binocularly) and at near (only
monocularly). Intermediate monocular visual acuity was
marginally but significantly better with the FineVision,
whereas intermediate binocular visual acuity did not
show any significant difference between groups.
Figures 4, 5, and 6 show the distribution of the uncorrec-

ted visual outcomes at far, intermediate, and near vision
distance, respectively. Uncorrected monocular visual acu-
ity was 20/40 or better (<_0.3 logMAR) at 4 m, 80 cm,
and 40 cm, respectively, in 98%, 98%, and 98% of eyes
implanted with AT Lisa Tri and in 96%, 99%, and 99%
of eyes implanted with FineVision Micro F.
Uncorrected monocular visual acuity was 20/25 or better

(<_0.1 logMAR) at 4 m, 80 cm, and 40 cm, respectively, in
87%, 83%, and 62% of eyes implanted with AT Lisa Tri
and in 83%, 86%, and 57% of eyes implanted with FineVi-
sion Micro F.

� SUBJECTIVEOUTCOMES: The outcomes to the question-
naire are shown in Table 4. Overall, the FineVision MIOL
JULY 2017OPHTHALMOLOGY



TABLE 4. Outcomes of Patient Satisfaction Questionnaire After Bilateral Implantation With 1 of 2 Diffractive
Trifocal Intraocular Lenses

IOL

P ValueAT Lisaa (N ¼ 4282 Patients) FineVisionb (N ¼ 5802 Patients)

Q1 (Driving): Which was your lifestyle before

treatment?

2281 eyes 3595 eyes NS

W ¼ 4657800, P ¼ .951

I used to drive for long distance 46.47% 45.54%

I used to drive in the city 28.87% 26.87%

I did not drive frequently at night 24.66% 27.59%

Q1 (Computer): Which was your lifestyle

before treatment?

2132 eyes 3821 eyes A<F

W ¼ 4518600, P ¼ .042

I used it less than 1 hour a day 42.78% 39.99%

I used it between 1 and 2 hours a day 23.17% 24.79%

I used it more than 2 hours a day 34.05% 35.22%

Q1 (Reading): Which was your lifestyle

before treatment?

2333 eyes 3623 eyes NS

W ¼ 4566600, P ¼ .181

I read less than 1 hour a day 48.66% 45.07%

I read between 1 and 2 hours a day 29.86% 34.00%

I read more than 2 hours a day 21.48% 20.94%

Q2 (Distance vision): Evaluate your vision

after treatment

2333 eyes 3939 eyes A>F

W ¼ 4899100, P < .001

Very bad 0.43% 0.36%

Bad 1.29% 0.56%

Medium 6% 8.63%

Good 48.18% 51.41%

Very good 44.11% 39.05%

Q2 (Intermediate vision): Evaluate your

vision after treatment (Intermediate

vision) (Computer)

2253 eyes 3849 eyes NS

W ¼ 4777100, P ¼ .051

Very bad 0.44% 0.47%

Bad 0.80% 0.62%

Medium 5.42% 7.01%

Good 49.00% 51.36%

Very good 44.34% 40.53%

Q2 (Near vision): Evaluate your vision after

treatment (Near vision) (Reading a

book)

2299 eyes 3895 eyes NS

W ¼ 4671200, P ¼ .782

Very bad 1.22% 0.72%

Bad 0.78% 0.87%

Medium 7.79% 7.19%

Good 37.76% 40.44%

Very good 52.46% 50.78%

Q3: Evaluate your night driving after

treatment

2054 eyes 3306 eyes A>F

W ¼ 4793100, P ¼ .03

Night driving is better than or the same as

before treatment

58.23% 59.17%

Night driving is worse than before

treatment but this is not a problem for

me

33.11% 32.97%

Night driving is much worse than before

treatment and I feel unsafe

6.33% 5.75%

I have stopped driving because I don’t

feel safe

2.34% 2.12%

Q4: Evaluate your night vision after

treatment

2271 eyes 3839 eyes NS

W ¼ 4737000, P ¼ .141

Continued on next page
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TABLE 4. Outcomes of Patient Satisfaction Questionnaire After Bilateral Implantation With 1 of 2 Diffractive

Trifocal Intraocular Lenses (Continued )

IOL

P ValueAT Lisaa (N ¼ 4282 Patients) FineVisionb (N ¼ 5802 Patients)

Night vision is the same as or better than

before treatment

72.88% 70.46%

Night vision is worse than before

treatment

24.75% 27.35%

Night vision is much worse than before

treatment

2.38% 2.19%

Q5 (Distance): Do you still depend on

glasses after treatment for distance

vision?

2305 eyes 3884 eyes A<F

W ¼ 4612500, P ¼ .04

Never 98.52% 99.38%

Sometimes 0.95% 0.46%

Always 0.52% 0.15%

Q5 (Intermediate): Do you still depend on

glasses after treatment for intermediate

vision?

2257 3832 NS

W ¼ 4625300, P ¼ .291

Never 98.32% 98.12%

Sometimes 1.06% 1.46%

Always 0.62% 0.42%

Q5 (Near): Do you still depend on glasses

after treatment for near vision?

2273 3841 A<F

W ¼ 4534400, P < .001

Never 92.48% 94.85%

Sometimes 5.94% 4.17%

Always 1.58% 0.99%

Q6 General evaluation 2339 3941 A>F

W ¼ 4951200, P < .001

Very satisfied with the result 66.78% 60.19%

Satisfied with the result 31.47% 37.99%0

Less satisfied with the result 1.75% 1.42%

Unsatisfied with the result 0.00% 0.41%

Q6: Would you have surgery again? 2333 3926 A>F

W ¼ 4714500, P ¼ .006

Yes 98.07% 96.82%

No 1.93% 3.17%

IOL ¼ intraocular lens; NS ¼ non significant.
aAT Lisa (A) tri 839 (Carl Zeiss AG, Jena, Germany).
bFineVision Micro F (PhysIOL SA, Liège, Belgium).
offered higher spectacle independence, whereas the AT
Lisa tri scored higher for overall patient satisfaction.
DISCUSSION

THIS RETROSPECTIVE STUDY OF A LARGE SERIES OF PA-

tients demonstrated that in terms of visual outcomes, the
AT Lisa tri 839MP and the FineVisionMicro F were equiv-
alent in achieving spectacle independence after lens
phacoemulsification. Both IOLs provided excellent dis-
tance, intermediate, and near visual outcomes. Although
62 AMERICAN JOURNAL OF
the AT Lisa tri demonstrated slightly better refractive
outcomes, this could perhaps be explained by the use of
initially better optimized A-constants with the AT Lisa
tri (previous experience with the same plate-haptic plat-
form with a bifocal model) than the FineVision lens
(with a relatively newer tetraloop platform design).
Regarding biometric parameters, although the mean

axial length of eyes implanted with FineVision was signif-
icantly shorter, and thus mean IOL implanted power was
significantly higher, the differences were clinically irrele-
vant. This could be explained by the larger power range
available for low diopters with the AT Lisa tri IOL model,
and the larger range available for high diopters with the
JULY 2017OPHTHALMOLOGY
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FineVision IOL. Although this is a possible bias, we
consider that this fact should not alter considerably the
main outcomes of the study; the proportion of implanted
lenses out of the common range of IOL power (from 10
to 32 D) for both lenses is very low: only 81 of 5082 eyes
(1.4%) implanted with PhysIOL’s Micro F had a power
lens larger than 32 D, and only 52 eyes of 4282 (1.2%)
implanted with the AT Lisa tri had a power lens below
10 D. These numbers, among such a substantial series of
10 084 eyes, could justify the statistical differences re-
ported, but should not significantly bias the results.
In this series of over 10 000 eyes, a very high percentage

(98%) of patients stated that they were ‘‘satisfied’’ to ‘‘very
satisfied’’ with the performance of their implanted trifocal
IOL. There were very few dissatisfied patients and a low
incidence of complaints relating to dysphotopic phenom-
ena such as glare, haloes, or ghost images that are
commonly found with MIOLs.
Although reported night vision was not optimal, the ma-

jority of patients did not identify it as crucial and gave far
more emphasis to spectacle independence obtained with
the surgical procedure. Before the implantation of a trifocal
IOL a very thorough and honest discussion with the patient
should be carried out, focusing specially on the drawbacks
of this technology. This includes a certain worsening in
night vision quality, especially in patients without signifi-
cant cataracts. In fact, coach or truck drivers, or profes-
sionals who would need accurate and prolonged night
vision, should be clearly advised against receiving this
type of implant. Realistic expectations being given to the
patient in preoperative assessment is one of the keys to suc-
cess with any type of multifocal IOL. This approach could
explain why although around 40%-42% of our patients re-
ported a worsening in night driving vision 3 months after
the surgery, this was a problem for only 6%, and exclusively
2% of the patients had to stop driving, with similar scores
obtained for both types of trifocal lenses.
Issues of dry eye and lack of comfort with the lens in

mesopic conditions were identified as the principal causes
of dissatisfaction among those patients who said they
were less satisfied or dissatisfied with their implants.
Several papers have now been published in the

scientific literature that explain and assess the underlying
optical outcomes of multifocal (bifocal and trifocal)
IOLs.6,8–12,14,15,22–28 The outcomes published with the
FineVision Micro F and the AT Lisa tri IOLs are listed in
Tables 5 and 6, respectively. As noted in the introduction,
the clinical outcomes of all of these studies confirmed the
ability of the human eye to use the 3 available foci of these
new lens designs. The results of this series of over 5000 pa-
tients add further weight to this evidence.
To the best of our knowledge, this is the first study to

amass such substantial data in such a large series of patients,
not just for trifocal IOLs but for multifocal lenses in general.
The current study clearly has limitations. First, it is retro-

spective and was restricted to an analysis of available cases
63ALLY IN OVER 5000 PATIENTS



T
A
B
L
E
6
.
S
u
m
m
a
ry

F
ro
m

P
u
b
lis
h
e
d
S
tu
d
ie
s
o
f
th
e
E
ff
e
c
ti
v
e
n
e
s
s
o
f
th
e
A
T
L
is
a
tr
i8

3
9
(C
a
rl
Z
e
is
s
A
G
,
J
e
n
a
,
G
e
rm

a
n
y
)
D
if
fr
a
c
ti
v
e
T
ri
fo
c
a
lI
n
tr
a
o
c
u
la
r
L
e
n
s

E
y
e
s
(N
)

B
in
o
c
u
la
r
L
o
g
M
A
R
V
is
u
a
lA

c
u
it
ie
s

U
D
V
A

C
D
V
A

U
IV
A

D
C
IV
A

U
N
V
A

D
C
N
V
A

2
0
/4
0
o
r
B
e
tt
e
r
(<_
0
.3

L
o
g
M
A
R
)

2
0
/2
5
o
r
B
e
tt
e
r
(<_
0
.1

L
o
g
M
A
R
)

K
re
tz

e
t
a
l1
5
a

7
6

0
.0
5

0
.0
5

0
.0
5

1
0
0
%

fo
r
U
D
V
A
,
U
IV
A
,
a
n
d
U
N
V
A

M
e
n
d
ic
u
te

e
t
a
l2
8

2
0
8

0
.0
3
6

0
.0
9

0
.1
0
6

0
.1
5

0
.1
5
6

0
.1
4

9
9
%

fo
r
U
D
V
A
,
9
8
%

fo
r
U
IV
A
,

a
n
d
>
9
2
%

U
N
V
A

1
0
0
%

(C
D
V
A
),
7
7
%

U
N
V
A
,

a
n
d
4
9
%

U
IV
A

M
a
rq
u
e
s
e
t
a
l9

3
0

0
.0
0
6

0
.0
1

�0
.0
3
6

0
.0
4

0
.1
3
6

0
.4
2

0
.0
9
6

0
.0
4

0
.1
3
6

0
.0
5

0
.0
5
6

0
.0
4

9
7
%

fo
r
U
D
V
A
a
n
d
U
IV
A

a
n
d
1
0
0
%

fo
r
U
N
V
A

1
0
0
%

U
D
V
A
,
5
0
%

fo
r
U
IV
A
,

6
7
%

fo
r
U
N
V
A

C
D
V
A
¼

c
o
rr
e
c
te
d
d
is
ta
n
c
e
v
is
u
a
la

c
u
it
y
;
D
C
IV
A
¼

d
is
ta
n
c
e
-c
o
rr
e
c
te
d
in
te
rm

e
d
ia
te

v
is
u
a
la

c
u
it
y
;
D
C
N
V
A
¼

d
is
ta
n
c
e
-c
o
rr
e
c
te
d
n
e
a
r
v
is
u
a
la

c
u
it
y
;
U
D
V
A
¼

u
n
c
o
rr
e
c
te
d
d
is
ta
n
c
e
v
is
u
a
la

c
u
it
y
;

U
IV
A
¼

u
n
c
o
rr
e
c
te
d
in
te
rm

e
d
ia
te

v
is
u
a
l
a
c
u
it
y
;
U
N
V
A
¼

u
n
c
o
rr
e
c
te
d
n
e
a
r
v
is
u
a
la

c
u
it
y
.

a
N
o
S
D
v
a
lu
e
s
g
iv
e
n
in

th
e
K
re
tz

p
a
p
e
r.

64 AMERICAN JOUR
NAL OF
with completed follow-up. Second, the study also included
data gathered from multiple surgical centers (n ¼ 24) with
different surgeons (n¼ 47) and many different technicians
who performed visual acuity measurements. However, sur-
geons and optometrists followed the same protocols for pa-
tient management and a large number of cases were
included in this analysis, which should (to some degree)
compensate for these variations. Follow-up was limited to
3 months because that is when patients are usually
discharged after an uneventful procedure. As a retrospec-
tive and multicenter study, this series does have the known
limitations of selection bias between groups in the condi-
tions of patients, in the type of implanted IOL that was
not randomized, and in the lack of some data for some pa-
tient satisfaction surveys. Furthermore, the satisfaction
questionnaire was a nonvalidated model, and more sophis-
ticated functional visual tests such as contrast sensitivity
evaluation or defocus curves were not considered as a result
of the large patient sample studied. Nevertheless, it is a very
large series, and the authors believe that if any bias exists
this would be the same for both groups, and that therefore
the study outcomes are reliable. The demonstrated results
helped us, as a large refractive surgery group, in the decision
to shift from bifocality to trifocality with our MIOL
implanted patients. By the end of 2016, more than 34
000 trifocal IOLs had been implanted in Clinica Baviera
in Spain.
Overall, the data may go some way toward reassuring sur-

geons of the consistently high refractive and visual acuity
outcomes that can be obtained with the latest-generation
trifocal IOLs. For patients who request spectacle indepen-
dence after cataract surgery, trifocal lenses offer a very
high chance of achieving that goal. In this study, over
98% of patients achieved spectacle independence for
both distance and intermediate vision, and over 92% never
used glasses for near vision.
Comparing the visual performance of the 2 trifocal IOLs

in this study, both designs provided very good distance, in-
termediate, and near visual outcomes in lens surgery pa-
tients. Although there was a statistically significant
difference in the visual acuity scores, the difference was
0.01 logMAR, which is clinically insignificant. Other
recent studies have found similar results. Carson29 and
Ruiz Alcocer,30 for instance, showed very little difference
between the IOLs in optical bench performance, and
Marques and associates reported that both trifocal IOLs
provided comparable distance, intermediate, and near
vision in a clinical setting.9With this in mind, the decision
to choose one IOL over another may depend on other
criteria such as surgeon preferences, patient-specific fac-
tors, or posterior capsule opacification scores, rather than
just refractive or visual acuity outcomes. Regarding this
issue, in a recently published study from our research group,
eyes implanted with the FineVision Micro F IOL required
significantly fewer neodymium–yttrium-aluminum-garnet
capsulotomies than those with the AT Lisa tri 839MP
JULY 2017OPHTHALMOLOGY



during the first years after implantation (14% vs 35%,
respectively), after 3–4 years of follow-up.31 As Coleman
noted, the ability to track patient outcomes in ‘‘big data’’
studies provides a welcome opportunity for further research
arising from cataract surgery.32 In this study of over 10 000
VOL. 179 TRIFOCAL IOLS IMPLANTED BILATER
cases with 47 different surgeons, similar outcomes to
smaller cohorts could be demonstrated in terms of efficacy,
indicating that implantation of trifocal IOLs provides very
high levels of spectacle independence and patient satisfac-
tion after lens surgery.
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