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Purpose: To evaluate visual outcome, reading performance, contrast sensitivity, and patient
satisfaction after cataract surgery with implantation of a diffractive trifocal intraocular
lens (IOL).
Patients and methods: A total of 42 eyes (21 patients) underwent cataract surgery with
implantation of the trifocal IOL AT LISA tri 839MP. Visual acuity, contrast sensitivity, and
patient satisfaction were evaluated 3 months postoperatively. Reading performance was evaluated at 3 months postoperatively with the MNREAD charts.
Results: All eyes achieved a 3-month postoperative monocular uncorrected distance visual
acuity of 0.10 logMAR or better (Snellen 20/25). Likewise, 97.62% and 85.71% of eyes achieved
a postoperative monocular uncorrected intermediate, and near visual acuity of 0.20 logMAR
(Snellen 20/30) or better. All patients achieved postoperative binocular uncorrected distance
visual acuity, uncorrected intermediate, and uncorrected near visual acuity of 0.20 logMAR
(Snellen 20/30) or better. Mean photopic reading acuity and speed were 0.24±0.07 logMAR
and 177.61±20.67 words per minute, respectively. Postoperative contrast sensitivity values
were within the ranges of normality for all spatial frequencies evaluated. Postoperative spectacle independence and patient satisfaction was very high, with most of the patients reporting
a good or very good visual quality at far, intermediate, and near distances. All patients would
choose the same lens again.
Conclusion: The evaluated trifocal IOL provides an effective restoration of the visual function
after cataract surgery, with high levels of distance, intermediate, and near visual acuity, strong
reading performance, and patient satisfaction.
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Trifocal diffractive intraocular lenses (IOLs) have been developed to provide an
improved visual restoration after cataract surgery compared to bifocal diffractive
IOLs.1–3 Bifocal IOLs indeed might not be able to provide an acceptable spectacle
independence for the intermediate distance, and this is becoming more important for
patients’ everyday activities (computers, tablets …).1–3
Several studies have demonstrated that the generation of a third focal point with
an IOL using diffractive optics does not induce an increase in the incidence of visual
disturbances or a deterioration of the visual quality.1,4–6 Likewise, as trifocal IOLs
provide a complete visual restoration, including far, intermediate, and near distances,
high levels of patient satisfaction have been reported with them.7–10
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The aim of the current study was to evaluate the visual
outcome, contrast sensitivity, reading performance, and
satisfaction in patients who underwent cataract surgery with
implantation of a specific model of diffractive trifocal IOL.
Focus was placed on the evaluation of reading ability as a
measure of the importance in the real life of near distance visual
performance. Three different reading homologated charts are
currently available for reading speed measurement:11 the
Colenbrander English Continuous Text Near Vision Cards,
the MNREAD charts, and the RADNER Reading Charts. In
our study, we chose the MNREAD charts because the Italian
version was developed at our university.12

Materials and methods
Patients
This nonrandomized prospective series of cases included
42 eyes of 21 patients who underwent uncomplicated phacoemulsification surgery with bilateral implantation of a
diffractive trifocal IOL (AT LISA tri 839MP, Carl Zeiss
Meditec, Jena, Germany). Inclusion criteria were patients
with cataract and seeking spectacle independence. Exclusion
criteria were pseudoexfoliation syndrome, complicated cataract, previous ocular surgery, history of glaucoma or retinal
detachment, active ocular disease, macular degeneration or
retinopathy, abnormal iris, and irregular corneal astigmatism
or regular corneal astigmatism of .1 D. All patients were
adequately informed about the study and signed a consent
form. The study adhered to the tenets of the Declaration of
Helsinki and was approved by the ethics committee of the
University of Florence, Italy.

IOL
The AT LISA tri 839MP IOL is designed to correct aphakia
after crystalline lens removal in cataract patients or for
presbyopia correction in patients with or without cataract.
AT LISA tri 839MP is a microincision lens and can be
implanted into the capsular bag through a 1.8-mm incision
with the BLUEMIXS injector (Carl Zeiss Meditec AG).
The diopter range covers 0.0 D to +32.0 D (in 0.5 diopter
increments). The AT LISA tri 839MP is a diffractive multifocal IOL with three focal points. It has a near addition
of +3.33 D and an intermediate addition of +1.66 D, offering a comfortable reading and intermediate distance vision
of approximately 40 cm and 80 cm, respectively. The IOL
is made of hydrophilic acrylic with hydrophobic surface
properties and with an ultraviolet absorber. The aspheric
AT LISA tri 839MP is aberration-correcting to reduce and
compensate for corneal spherical aberrations.
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Examination protocol
A complete preoperative ophthalmological examination
was performed in all cases, including subjective refraction,
measurement (by Early Treatment Diabetic Retinopathy
Study charts) of monocular and binocular uncorrected distance visual acuity (UDVA) and corrected distance visual
acuity (CDVA), uncorrected intermediate visual acuity
(UIVA) measured at 80 cm, and uncorrected near visual
acuity (UNVA) measured at 40 cm, Goldmann applanation tonometry, slit-lamp examination, corneal topography
(Sirius, CSO, Italy), optical biometry (IOL Master v.4.3,
Carl Zeiss Meditec), and fundoscopy. Postoperatively,
patients were evaluated the day after surgery, as well as at
1 and 3 months. The postoperative examination protocol was
identical to the preoperative protocol, with the additional
evaluation of the reading performance (MNREAD acuity
charts, Italian version), the evaluation of contrast sensitivity
under photopic (85 cd/m2) and mesopic conditions (3 cd/m2)
(Optec 6500 FVA, Stereo Optical Co Inc, Chicago, IL, USA),
as well as the evaluation of patient satisfaction and spectacle
independence by means of a self-developed questionnaire
at 3 months.
Binocular reading performance was evaluated with
MNREAD reading charts (Italian version) at a distance
of 40 cm under photopic and mesopic light conditions.
MNREAD charts include 19 sentences of three lines
(60 characters in 10 words) in decreasing size with a range
between +1.3 logMAR and –0.5 logMAR and steps of
0.1 logMAR. The patients read the chart aloud beginning with
the largest characters and continuing to the smallest ones.
The reading time was measured in seconds, and the number
of errors for each sentence was documented on a score sheet,
and subsequently converted in words per minute (wpm), as
the unit for reading speed. The following binocular reading
parameters were then calculated: reading acuity (RA, logMAR), which is the size of the last correctly read sentence,
maximum reading speed (in words per minute = [60*(10 errors)]/time in seconds), and critical print size, which is the
size of the last sentence read correctly at a speed not lower
than 90% with respect to the average reading speed.
The questionnaire included the following items: what is
your satisfaction with visual quality at far, intermediate, and
near distances? (scale: very good, good, moderate, bad, very
bad); would you choose the same lens again? (Yes/No); do
you need spectacles at far, intermediate, and near distances?
(Yes/No); and how often do you wear spectacles at far, intermediate, and near distances? (scale: never, sometimes, half
of the time, mostly, always).
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Surgery
All surgeries were performed by the same experienced surgeon (RM) using a standard technique of sutureless 2.2-mm
phacoemulsification. Before the surgical procedure, topical
anesthesia and mydriatic drops were instilled in all cases.
A temporal 2.2-mm clear corneal incision and a 5.5-mm
circular capsulorrhexis were performed, and after phacoemulsification the IOL was inserted into the capsular bag using
a specific injector (BLUEMIXS 180, Carl Zeiss Meditec).
A postoperative topical therapy based on a combination of
antibiotics and steroids was prescribed to be applied four
times daily for 1 week. Nonsteroidal anti-inflammatory drops
were applied 3 times just before surgery, and postoperatively
3 times per day for 4 weeks.

Statistical analysis
Statistics software package SPSS (v 15.0 for Windows, IBM,
Armonk, NY, USA) was used for statistical analysis. The Kolmogorov–Smirnov test was used to check the normality of the
data distributions. When parametric analysis was possible, the
Student’s t-test for paired data was performed for all parameter
comparisons between preoperative and postoperative examinations as well as between consecutive postoperative visits.
Otherwise, when parametric analysis was not possible, the
Wilcoxon Rank Sum test was applied to assess the significance
of differences between examinations. In all cases, the same
level of significance (p,0.05) was considered.

respectively. Mean IOL power was 21.48 D (SD: 1.69;
median: 21.00, range: 15.00–24.00 D), with a mean target
refraction of -0.12 D (SD: 0.11; median: -0.11, range: -0.36–
0.27 D). Mean preoperative photopic and mesopic pupil
diameters were 3.63 mm (SD: 0.82; median: 3.72, range:
1.55–4.87 mm) and 4.34 mm (SD: 0.98; median: 4.56, range:
1.80–6.18 mm), respectively.

Visual acuity outcomes
Table 1 summarizes the monocular visual acuity data during the follow-up. As shown, a significant improvement
compared to the preoperative visual acuities was observed
in monocular logMAR UDVA, UIVA, UNVA, and CDVA
with surgery (p,0.001). All eyes achieved a 3-month postoperative monocular logMAR UDVA of 0.10 (Snellen 20/25)
or better. Likewise, 97.62% and 85.71% of eyes achieved
a postoperative monocular logMAR UIVA and UNVA of
0.20 (Snellen 20/30) or better. Regarding binocular visual
acuity data (Table 2), significant improvements compared
to the preoperative visual acuities were also observed for
all visual acuity parameters, with 100% of patients achieving a postoperative binocular logMAR UDVA, UIVA, and
UNVA of 0.20 (Snellen 20/30) or better (Figure 1). As the
subjective refraction was 0 for all patients, distance-corrected
intermediate visual acuity (DCIVA) and distance-corrected
near visual acuity (DCNVA) were not measured.

Results

Reading performance outcomes

A total of 42 eyes from 21 patients with a mean age of
75.6 years (standard deviation [SD]: 4.4; median: 76.0,
range: 65–82 years) were included in the study. This sample
included 5 (23.81%) males and 16 females (76.19%). Mean
preoperative axial length and anterior chamber depth were
22.98 mm (SD: 0.78; median: 23.00, range: 22.00–25.00 mm)
and 2.45 mm (SD: 0.50; median: 2.00, range: 2.00–3.00 mm),

Table 3 summarizes the binocular reading speed and RA
outcomes at 3 month postoperatively. The photopic RA was
0.24±0.07 logMAR, the critical print size 0.43±0.09 logMAR,
and the maximum reading speed 177.61±20.67 wpm.
RA, critical print size, and maximum reading speed were
significantly better under photopic conditions compared to
mesopic conditions (p#0.004).

Table 1 Postoperative monocular visual outcome

logMAR UDVA
logMAR UIVA 80 cm
logMAR UNVA 40 cm
logMAR CDVA

Preoperative

1 month
postoperative

3 months
postoperative

p-value
(3 months vs preop)

0.51 (0.26)
0.49 (0.20–1.00)
0.54 (0.28)
0.42 (0.10–1.20)
0.60 (0.25)
0.50 (0.24–1.10)
0.29 (0.15)
0.23 (0.20–1.00)

0.00 (0.01)
0.00 (-0.06–0.06)
0.16 (0.07)
0.20 (0.00–0.30)
0.25 (0.06)
0.26 (0.10–0.40)
0.00 (0.01)
0.00 (-0.06–0.06)

0.01 (0.03)
0.00 (-0.06–0.15)
0.14 (0.06)
0.12 (-0.02–0.26)
0.21 (0.05)
0.20 (0.10–0.34)
0.01 (0.03)
0.00 (-0.06–0.15)

,0.001
,0.001
,0.001
,0.001

Note: Data presented as mean (SD) and median (range).
Abbreviations: SD, standard deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near visual acuity;
CDVA, corrected distance visual acuity.
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Table 2 Postoperative binocular visual outcome

logMAR UDVA
logMAR UIVA 80 cm

logMAR CDVA

1 month
postoperative

3 months
postoperative

p-value
(3 months vs preop)

0.30 (0.14)
0.30 (0.10–0.60)
0.40 (0.22)
0.38 (0.00–0.90)
0.50 (0.22)
0.42 (0.20–0.90)
0.18 (0.10)
0.20 (0.10–0.52)

0.00 (0.01)
0.00 (-0.05–0.02)
0.13 (0.07)
0.10 (0.00–0.22)
0.21 (0.04)
0.20 (0.10–0.30)
0.00 (0.01)
0.00 (-0.05–0.02)

0.00 (0.05)
0.00 (-0.06–0.20)
0.11 (0.07)
0.10 (-0.08–0.20)
0.18 (0.05)
0.20 (0.00–0.20)
0.00 (0.05)
0.00 (-0.06–0.20)

,0.001
,0.001
,0.001
,0.001

Note: Data presented as mean (SD) and median (range).
Abbreviations: SD, standard deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near visual acuity;
CDVA, corrected distance visual acuity.

Contrast sensitivity outcomes
Figure 2 displays the 3-month postoperative contrast sensitivity function measured under photopic and mesopic conditions. As shown, the photopic contrast sensitivity values
were within the ranges of normality as defined in Hohberger
et al,13 for all spatial frequencies evaluated, except for the
3 cycles per degree (cpd) value which was slightly lower.
The mesopic values were within the normal range, except for
the 1.5 and 3 cpd values which were slightly lower.

Patient satisfaction and spectacle
independence outcomes
Postoperative patient satisfaction was very high, with most
of patients reporting a good or very good visual quality at
far, intermediate, and near distances (Figure 3). All patients
(100%) would choose the same lens again. Postoperative
100%

100.00% 100.00%

90%
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logMAR UNVA 40 cm

Preoperative

80%

100.00%
100.00%

100.00%

100.00%

spectacle independence was high at all distances, with none
of the patients requiring glasses for performing far and
intermediate activities, and 76.2% of patients not needing
or needing only sometimes spectacles for near distance
activities (Figure 4).

Complications
No complications (posterior capsular rupture or anterior
capsular tears, intraoperative iris damage, postoperative
cystoid macular edema, or postoperative ocular hypertension)
occurred during this study.

Discussion
In the current study, very good monocular distance and
intermediate and near visual outcomes were obtained with
the evaluated trifocal diffractive IOL, associated with high

100.00%
100.00%
95.24%
100.00%
85.71%
95.24%

100.00%

100.00%
100.00%
71.43%

70%
60%

100.00%

52.38%

50%
40%
30%
20%

14.29%

10%
0%

14.29%
4.76%
0.00%

UDVA

UIVA
1 month

UNVA

20/20 Snellen or better
20/25 Snellen or better

UDVA

UIVA
3 months

9.52%
4.76%

UNVA

20/30 Snellen or better
20/40 Snellen or better

Figure 1 Distribution of 1-month and 3-month postoperative binocular visual outcomes.
Abbreviations: UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near visual acuity.
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Table 3 Three-month postoperative binocular reading speed and acuity outcomes

Reading acuity (logMAR)
Critical print size (logMAR)

Mesopic conditions

p-value

0.24 (0.07)
0.30 (0.10–0.30)
0.43 (0.09)
0.40 (0.20–0.60)
177.61 (20.67)
180.17 (125.98–222.4)

0.35 (0.09)
0.40 (0.20–0.50)
0.54 (0.10)
0.50 (0.30–0.70)
160.31 (19.22)
162.98 (108.95–198.91)

,0.001
,0.001
0.004

Note: Data presented as mean (SD) and median (range).
Abbreviation: SD, standard deviation.

levels of spectacle independence. Mean UDVA, UIVA
(80 cm) and UNVA (40 cm) values of 0.01 (Snellen 20/20),
0.14 (Snellen 20/27), and 0.21 (Snellen 20/30) logMAR were
obtained 3 months after surgery. This is consistent with the
visual outcomes reported by Mojzis et al14 in a previous series
of cases evaluating the results of the same IOL with toricity
3 months after its implantation, with mean logMAR UDVA,
UIVA (80 cm), and UNVA (40 cm) values of 0.03 (Snellen
20/20), 0.08 (Snellen 20/25), and 0.16 (Snellen 20/28),
respectively. Likewise, Kretz et al15 reported in another study
mean 3-month postoperative UDVA, UIVA, and UNVA
values of 0.13±0.15 (Snellen 20/26), 0.08±0.15 (Snellen
20/24), and 0.13±0.18 logMAR (Snellen 20/26), respectively. Plaza-Puche et al16 reported 3 months after AT LISA
tri 839 MP implantation a UDVA of 0.00±0.07 logMAR
(Snellen 20/20) and a UNVA of 0.17±0.10 logMAR (Snellen
20/30). In our series, improved binocular visual outcomes
compared to monocular outcomes were found, with mean
UDVA, UIVA, and UNVA values of 0.00 (Snellen 20/20),
0.11 (Snellen 20/25), and 0.18 (Snellen 20/30) logMAR,
respectively. Kretz et al17 also reported a statistical significant
increase of the binocular visual function at all distances after
the implantation of the same trifocal IOL platform as evaluated in our series. In our series, 100% of patients achieved a
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postoperative binocular logMAR UDVA, UIVA, and UNVA
of 0.20 (Snellen 20/30) or better.
Even if a comparison between the outcomes of different
type of trifocal and bifocal IOLs might be difficult due to
the variability of follow-up intervals and testing methods
between the published studies,18 our visual acuity outcomes
can be considered in line with that obtained with other trifocal IOL models.16,19 A recent meta-analysis18 considering
prospective clinical trials on trifocal (including two cohort
studies on AT Lisa 839 MP) and bifocal IOLs, found better
intermediate visual acuity results with the trifocal IOLs,
without significant differences in terms of distance and near
visual acuity in comparison with bifocal IOLs. Nevertheless,
the results on contrast sensitivity and subjective visual quality
were less conclusive.18
To our knowledge, no reports have been published about
the reading performance of patients implanted with this trifocal IOL. In agreement with the good near visual outcomes
obtained in our series, reading speed and RA measured with
MNREAD charts were also found to be excellent. Specifically, mean photopic RA at 40 cm was 0.24 logMAR with
a reading speed of 177.61 wpm 1 month after surgery and
a critical print size of 0.40 logMAR. This is consistent with
previous studies showing the positive impact of different
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Figure 2 Three-month postoperative photopic (A) and mesopic (B) contrast sensitivity.
Note: The gray areas represent the normal ranges of similar age groups under photopic and mesopic conditions.10
Abbreviations: CS, contrast sensitivity; cpd, cycles per degree.
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Figure 3 Three-month postoperative patient satisfaction with the achieved visual
quality at far, intermediate, and near distances.

modalities of multifocal IOLs on reading performance
using different types of standardized tests.20–29 Attia et al21
found with another type of trifocal IOL a mean uncorrected
3-month binocular RA of 0.06 logMAR (range: 0.23–0.01
logMAR), but for a reading distance of 36.5 cm. Indeed,
these authors confirmed that there was a significant difference
between fixed conventional (40 cm) and preferred reading
distances.21 Alió et al27 reported a mean RA of 0.16±0.08
logMAR with the AT LISA bifocal IOL at 1 month after
surgery, but using a different homologated test for evaluating the reading speed.
Reading ability provides an important measure to reflect
everyday life performance of multifocal IOLs. It is therefore critical for future comparative studies to confirm if the
reading performance outcomes obtained with the evaluated
trifocal IOL are similar to or better than those obtained with
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Figure 4 Postoperative frequency of spectacle use at far, intermediate, and near
distances.
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other modalities of multifocal diffractive IOLs. Refractive
multifocal IOLs have already been demonstrated to provide
poorer reading performance outcomes than diffractive
models.26,30
Another important parameter to be considered in the
evaluation of trifocal IOL outcome could be the reading performance at intermediate distance, which has been recently
analyzed for other multifocal IOL types.20,21 It would be
interesting to evaluate this aspect and to compare the results
obtained with different trifocal IOLs.
Besides visual acuity outcomes and reading performance,
contrast sensitivity results were also evaluated with the trifocal IOL implanted in our series. Good levels of photopic and
mesopic contrast sensitivity were found, as has been reported
before.3,5 Specifically, the photopic and mesopic contrast
sensitivity values obtained at 3 months after surgery in our
series were predominantly within the physiological range
defined for the healthy population in the same age group.13
Finally, patient satisfaction with the visual outcome was
very high in our sample, which is consistent with the good
visual acuity, reading performance, and contrast sensitivity
obtained. Specifically, all patients reported that they would
choose the same lens again, and most of them described
their visual quality at far, intermediate, and near distances
as good or very good. Mendicute et al7 found in another
study evaluating the clinical outcomes of the same trifocal
IOL platform that more than 90% of patients were satisfied
with the outcome. Likewise, Kohnen et al8 confirmed that
92% of patients implanted with the AT LISA trifocal IOL
would choose the same IOL again. This high level of patient
satisfaction was greatly influenced by the high levels of
postoperative spectacle independence found at all distances,
as in the series of Mendicute et al7 with the same trifocal
IOL platform.

The trifocal diffractive IOL evaluated in the current study is
able to provide high levels of visual quality, patient satisfaction, and spectacle independence after cataract surgery. The
very good visual outcome has a positive impact on reading
performance.
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