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Purpose. To evaluate monocular and binocular visual performance and patient-reported outcomes following combined im-
plantation of a diffractive extended depth of focus (EDoF) IOL (Carl Zeiss AT LARA 829MP) and a diffractive trifocal IOL (Carl
Zeiss AT LISA tri 839MP). Methods. This prospective study enrolled consecutive patients undergoing lens phacoemulsification of
cataract and combined implantation of an EDoF IOL in the dominant eye and a trifocal IOL in the nondominant eye. Assessment
included uncorrected visual acuity at near distances (UNVA), intermediate distances (UIVA), and far distances (UDVA),
uncorrected defocus curve, contrast sensitivity (CS), reading speed, and patient satisfaction, evaluated six months after the surgery
with the Visual Function Questionnaire (VFQ-25). Results. A total of 25 patients were enrolled. At six months postoperatively,
outcomes of binocular UNVA, UIVA, and UDVA were superior to those of monocular outcomes. The binocular defocus curve
showed significantly better results in comparison with the AT LISA tri IOL eyes at defocus levels of -1.0 D and —1.5 D (P = 0.008
and P = 0.002, respectively) and compared to the AT LARA IOL eyes at defocus levels of —3.0, —3.5 D, and —4.0 D (P = 0.019,
P =0.019, and P = 0.035, respectively). All of the patients were spectacle-free at far and intermediate distances, while 4% of
patients needed spectacles at the near distance. Reading speed showed a rather high and gentle slope curve between 0.1 logMAR
and 0.4 logMAR, and optical phenomena were improved after combined implantation of IOLs except halos. There were no
significant differences in CS between the binocular and monocular results of each IOL. Conclusions. The combined implantation
of an EDoF IOL and a trifocal IOL seems to be a good option for patients with demands for spectacle independence in their daily
life, with minimal photic phenomena.

1. Introduction

With the advancements in intraocular lenses (IOL) and
cataract surgery techniques, it has become increasingly
important to minimize visual side effects while improving
visual acuity. Traditional cataract surgery with monofocal
IOLs can provide excellent uncorrected distance visual
acuity outcomes, while spectacle correction is needed for
tasks at near and intermediate distances. However, the in-
creasing use of laptops, tablets, and smart phones has made
intermediate and near-distance vision important for most

patients’ daily lives. In recent years, several types of pres-
byopia-correcting IOLs have been designed, among which
trifocal IOLs and extended depth of focus (EDoF) are two
mainstream options [1-4]. There are many studies which
compare the clinical performance of these presbyopia-cor-
recting IOLs. Trifocal IOLs have almost completely
substituted bifocal IOLs because the addition of a third focus
can provide better uncorrected visual acuity results at in-
termediate distances [1, 3, 5, 6]. However, it has been re-
ported that such IOLs may reduce contrast sensitivity and
increase visual side effects such as glare and halos because
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the incoming light energy is split and directed to multiple
focal points. For these reasons, in patients with corneal
pathologies or other ocular abnormalities, trifocal IOL
implantation would lead to dissatisfied patients after sur-
gery, so monofocal IOL implantation may be better in these
cases [7, 8]. EDoF IOLs, on the other hand, have been
designed to elongate the focal point in order to provide
continuous vision from far to near distances without
compromising qualitative and quantitative vision [9].
However, worse results for near visual acuity may be
achieved in comparison with bifocal or trifocal IOLs [10-12].
A combination of presbyopia-correcting IOLs with different
designs is one of the ways to compensate for these limita-
tions and to further enhance results at intermediate and near
distances [13-15]. Such a combination in a blended ap-
proach has become a topic of interest. This mix-and-match
approach has previously been shown to increase visual
acuity results while decreasing unwanted photic phenomena
[16].

The purpose of this study was to evaluate the monocular
and binocular visual performance, contrast sensitivity,
reading speed, and patient satisfaction in patients with
combined implantation of an EDOF IOL in the dominant
eye and a trifocal IOL in the nondominant eye.

2. Patients and Methods

This prospective study included patients with age-related
cataract who underwent bilateral cataract extraction with
phacoemulsification and blended IOL implantation of a
diffractive EDoF IOL (AT LARA 829MP, Carl Zeiss,
Germany) and a diffractive trifocal IOL (AT LISA tri
839MP, Carl Zeiss, Germany). The study comprised 50
eyes of 25 patients with blended implantation of an AT
LARA 829MP in the dominant eye and an AT LISA tri
839MP in the nondominant eye. Table 1 provides the
preoperative patient characteristics. All patients were 21
years or older at the time of enrollment and underwent
surgery of the second eye within seven days after surgery
of the first eye. The exclusion criteria were the same as
previous studies [17]. This study was approved by the
Institutional Review Board of Kangbuk Samsung Hos-
pital (IRB File No. 2019-12-039-002), and the tenets of
the Declaration of Helsinki were followed. All partici-
pants gave their informed consent before enrollment.

2.1. Preoperative Assessment. Before surgery, all patients
received a complete ophthalmological examination, in-
cluding uncorrected and corrected visual acuities at far
distance (UDVA, CDVA), uncorrected visual acuity at
intermediate (UIVA at 66 cm) and near (UNVA at 40 cm)
distances, refractive status, mesopic (3cd/m?) pupill-
ometry, topography (Galilei G6; Ziemer Ophthalmic
Systems AG, Port, Switzerland), corneal aberration (KR-
1W wavefront analyzer, Topcon Europe Medical B. V.,
Netherlands), optical biometry and keratometry (IOL-
Master 700, Carl Zeiss Meditec, Oberkochen, Germany),
slit lamp examination, and fundoscopy.
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TABLE 1: Preoperative characteristics of patients.

LARA LISA tri P value
Age (years) 66.6 +6.38
Gender
Male 5
Female 20
Pupil size (mm) 3.77+1.13 3.65+1.07 0.617
Refraction
Sph (D) 1.09+1.79 1.19+1.70 0.803
Cyl (D) -0.83 +£0.67 -0.83+0.53 0.939
SE (D) 0.68+1.71 0.78+1.72 0.811

Data are expressed as mean + standard deviation or number. Sph, sphere;
Cyl, cylinder; D, diopter; SE, spherical equivalent.

2.2. Surgical Technique. One surgeon (CYC) performed the
surgeries using topical anesthesia. Phacoemulsification with
a 2.2mm temporal corneal incision and manual capsulo-
rhexis was performed in all cases. All IOLs were implanted in
the bag. Postoperative refraction was targeted at the minus
value closest to zero using the Barrett True-K formula and
Haigis formula for IOL power calculation.

2.3. Postoperative Assessment. Follow-up examinations were
performed 1 week, 1 month, 3 months, and 6 months after
implantation of the second IOL. Main outcome measures
included visual performance, monocular and binocular
defocus curves, contrast sensitivity (CS), reading speed, and
a patient questionnaire. UDVA, UIVA at 66 cm, and UNVA
at 40 cm were measured using the Early Treatment Diabetic
Retinopathy Study charts (ETDRS; Vector Vision, Ltd.,
Greenville, OH, USA). Uncorrected monocular and bin-
ocular defocus curves were obtained for distance vision with
the ETDRS charts at intervals of 0.50 spherical diopters from
—4.00 to +1.00 D. CS was measured at 3.0, 6.0, 12.0, and 18.0
cycles per degree (cpd) under photopic (85cd/m?) and
mesopic (3cd/m?) conditions with and without glare with
the CSV-1000 (Vector vision, Inc., Greenville, OH, USA).
Patients’ subjective satisfaction (quality of vision (QoV) and
vision-related quality of life (QoL)) and spectacle inde-
pendence were assessed with the 25-item National Eye In-
stitute Functional Questionnaire (NEI VFQ-25). Binocular
reading speed at 40 cm was measured 6 months postoper-
atively as described by the Korean Reading Speed Appli-
cation tester introduced by Kim et al. [18] and using the
application of Song et al. [19]. Letter sizes from 0.0 logMAR
to 1.0 logMAR were displayed in steps of 0.1 logMAR.
Patients were asked to read sentences of different sizes one
after the other. Reading speed (words per minute) was
automatically calculated by the system. All preoperative and
postoperative evaluations were conducted similarly to pre-
vious studies [17].

2.4. Statistical Analysis. Data analysis was conducted using
SPSS (Version 24.0, SPSS Inc., Chicago, IL, USA). Intra-
group and intergroup comparisons of monocular and
binocular visual outcomes were performed using the Wil-
coxon signed-rank test and chi-square test. The
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Mann-Whitney test was used to compare quantitative
variables (such as refraction) and reading speed. Spearman’s
rank correlation and Pearson’s correlation were used to
investigate correlations of photopsia. The Student’s ¢-test for
independent samples was used to compare overall satis-
faction and spectacle independence. For the adjustment of P
values, the Bonferroni correction was used. Data were
expressed as means and standard deviations. For all analyses,
the level of significance was a P value of less than 0.05.

3. Results

The mean postoperative UDVA, UIVA, UNVA, CDVA, and
refraction are given in Table 2. There were no statistically
significant differences between lenses in postoperative un-
corrected visual acuity at all distances or in CDVA
(P>0.05). The eyes with the AT LARA 829MP achieved a
better monocular UIVA compared to the eyes with the AT
LISA tri 839MP (P = 0.09), while the eyes with the AT LISA
tri showed a better monocular UNVA compared to the eyes
with the AT LARA (P = 0.59). Although not statistically
significant, binocular visual acuities at all distances were
better in patients with combined IOL implantation in
comparison with monocular visual acuity results achieved
with each IOL. A binocular UDVA and UIVA of 0.1 logMAR
or better was achieved by 100% of patients with a combined
implantation of AT LARA and AT LISA tri. In addition,
100% of patients showed a binocular UIVA 0.2 logMAR or
better. Although the spherical equivalent was significantly
skewed toward myopic values in the eyes with AT LARA
829MP IOLs compared to the eyes with AT LISA tri 839MP
IOLs (P < 0.05), the eyes with the AT LISA tri 839MP IOLs
showed better visual acuity results in the defocus curve from
-3 D to —4 D. Figure 1 shows the mean monocular and
binocular defocus curves. Regarding distance vision (at a
vergence of 0.0 D), monocular visual acuity results with both
IOLs were similar to the binocular visual acuity outcomes
(P = 0.485, the eyes with the AT LARA; P = 0.154, the eyes
with the AT LISA tri). At an intermediate distance, the
binocular defocus curve showed significantly better visual
acuity outcomes than the monocular defocus curve in AT
LISA tri 839MP IOL-implanted eyes (P < 0.05 at —1.5 D and
—2.0 D, respectively), and binocular visual acuity results in
the near distance were significantly better than monocular
outcomes in the eyes implanted with the AT LARA 829MP
IOL (P<0.05 at -3 D, -3.5 D, and —4 D, respectively).
Overall, the combined implantation of the AT LARA IOL
and the AT LISA tri IOL demonstrated better visual acuity
results at all distances compared to the monocular results of
both IOLs implanted.

Figure 2 demonstrates the results of postoperative
monocular and binocular CS measurements obtained under
mesopic conditions with and without glare and photopic
conditions. There were no statistically significant differences
for any spatial frequency and light conditions between the
two IOLs or between the monocular and binocular out-
comes. Figure 3 shows the binocular reading speed at 40 cm.
It shows a rather high and gentle slope curve with a smooth
decrease from 0.1 logMAR to 0.4 logMAR, but for smaller

letters, the decreasing slope of the reading speed is more
pronounced.

The postoperative results of the VFQ-25 are shown in
Figure 4. Compared to preoperative values, all participants
responded with improved outcomes in almost all categories
except for ocular pain. Patient-reported postoperative visual
phenomena are presented in Figure 5. A noticeable increase
in postoperative perception of halos was noted. The pro-
portion of patients bothered by halos rose from 8% before
surgery to 29.2% after surgery. A postoperative improve-
ment regarding all the other questions on visual phenomena
was noticed. The results of the questionnaire evaluating
spectacle independence in daily life are presented in Fig-
ure 6. All patients could experience clear vision at the far and
intermediate distances, while only 4% of patients needed
spectacles at the near distance.

4. Discussion

In this study, we implanted the AT LARA 829M in the
patients’ dominant eye and the AT LISA tri 839MP in the
nondominant eye. Visual outcomes of patients with com-
bined IOL implantation demonstrated improved visual
acuities at far, intermediate, and even near distances with
minimal photic phenomena except for halos.

With the proven benefit of EDoF IOLs with regard to
refractive tolerance, improved visual acuity from distance to
near is provided, while undesirable visual phenomena are
reduced [4, 20]. Although visual acuity at all distances has
been improved compared to monofocal IOLs, it has already
been shown that bilateral implantation of EDoF IOLs
provides inferior visual acuity results at the near distance
compared to the results achieved with other types of
presbyopia-correcting IOLs [11, 21, 22]. Recently, the
blended implantation strategy has been attempted to take
advantage of the merits of both IOL types, and good results
have been reported [13, 23, 24]. In a previous study, we
compared the visual performance of patients with mix-and-
match implantation of an EDoF IOL in the dominant eye
and a bifocal IOL in the nondominant eye with trifocal IOL
implantation in both the eyes [17]. According to this study,
patients with the mix-and-match implantation showed
better visual acuity results from the far to intermediate
distance, while patients with the trifocal IOL achieved better
visual acuity results at the near distance. Other studies
confirmed the advantages of trifocal IOLs [25]. De Carneros-
Llorente et al. reported that trifocal IOLs provide better
results at the intermediate distance in comparison with
bifocal IOLs without compromising near or distance visual
acuity [26]. Since trifocal IOLs can provide a wide range of
vision including intermediate distance vision due to the
additional focal point, we attempted to perform a combi-
nation approach. It was speculated that trifocal IOLs might
compensate for the worse visual acuity results of EDoF IOLs
at near distances. According to the visual outcomes reported
in this study, this assumption turned out to be correct.

In this study, the uncorrected defocus curve was mea-
sured to assess the results in real-life conditions. However, a
corrected defocus curve rather shows the inherent
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TaBLE 2: Monocular and binocular visual outcomes 6 months postoperatively.
) P value
LARA LISA tri L&L
LARA vs. LISA tri LARA vs. L&L LISA tri vs. L&L
VA
UDVA 0.04+0.06 0.04 +0.09 0.02 £0.05 0.85 0.18 0.23
UIVA 0.04+0.07 0.07+0.10 0.03+£0.05 0.09 0.48 0.05
UNVA 0.11+0.12 0.09 £0.09 0.07£0.08 0.59 0.17 0.33
CDVA —-0.01 £0.06 0.00+0.10 -0.02+£0.07 0.74 0.51 0.41
Refraction
Sph (D) -0.47+0.44 0.00+0.42 <0.001
Cyl (D) -0.63£0.52 —-0.81 £ 0.52 0.21
SE (D) -0.79+£0.36 -0.41£0.29 <0.001

Data are expressed as mean + standard deviation (range). VA, visual acuity; UDVA, uncorrected distance visual acuity (logMAR); UIVA, uncorrected
intermediate visual acuity (logMAR); UNVA, uncorrected near visual acuity (logMAR); CDVA, corrected distance visual acuity; Sph, sphere; Cyl, cylinder; D,

diopter; SE, spherical equivalent.
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FIGURE 1: Mean monocular and binocular defocus curves of the eyes implanted with the AT LARA 829MP IOL in the dominant eye and the

AT LISA tri 839MP IOL in the nondominant eye.

characteristics of each IOL. Defocus curves allow ophthal-
mologists to measure the expected range of vision and
understand the visual performance of IOLs in order to
counsel their patients correctly. The binocular defocus curve
of patients with combined IOL implantation represented a
slightly wider curve with a higher plateau from the far to
near distance than the monocular defocus curve of each IOL.
The binocular defocus curve showed significantly better
visual acuity results compared to the AT LISA tri IOL eyes at
defocus levels of —1.0 D and -1.5 D (P =0.008 and
P =0.002, respectively) and the AT LARA IOL eyes at
defocus levels of —3.0, —3.5 D, and —4.0 D (P =0.019,
P =0.019, and P =0.035, respectively). Richard et al.
showed a similar defocus curve in patients with combined

IOL implantation and also presented better visual acuity
results at defocus levels of —1.0 D in patients with bilateral
EDoF IOL implantation [27]. However, there were only 5
patients with bilateral EDoF IOLs, and no other information
is available. For accurate assessment and a direct compar-
ison, a similar number of patients with bilateral implantation
of EDoF IOLs and trifocal IOLs would be required.
Patients in this study successfully achieved a visual
improvement after cataract surgery at all distances. Spectacle
independence at far and intermediate distances was achieved
in all patients, while the rate of spectacle independence was
just slightly lower at the near distance (96%). Although there
was a small number of patients who still needed spectacles
for working in the near distance, a very high degree of
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spectacle independence was achieved with similar outcomes
compared to rates in previous studies with the same IOLs
[27].

As the use of laptops and smartphones increases, reading
speed measurement becomes a valuable predictor that re-
flects visual performance in everyday life in terms of near
vision function [28]. The most widely known devices for
reading speed measurements are the MNREAD Chart and
Radner Reading Chart, but unfortunately, there is no Korean
version available [29-31]. In this study, we used a Korean
reading speed application test which is developed appro-
priately for the Korean writing system called “Hangul.”
Hangul is fundamentally based on an alphabetic principle,
and letters are printed in square-like blocks composed of

three consonants including first, medial, and final conso-
nants. For this reason, reading Korean might be more
sensitive to blurring.

In the present study, we also evaluated patients’ expe-
rience with optical phenomena such as glare, halos, star-
bursts, hazy vision, blurred vision, distortion, and double
vision to understand patients’ satisfaction in their daily life.
Based on the results of the QoV questionnaire, the most
frequently perceived phenomenon was halos (29.2% of
patients were suffering from halos), while other optical
phenomena were improved compared to before surgery.
Previous studies have reported that the neuroadaptation
process may reduce these optical phenomena over time after
surgery [32, 33]. The neuroadaptation process after
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presbyopia-correcting IOL implantation usually involves a
minimum of 3 months and can last up to 1 year. In this
study, however, the last follow-up was at 6 months, when the
neuroadaptation process is still in process. It could be as-
sumed that difficulties related to optical phenomena might
decrease over time; thus, further research with a longer
follow-up would be needed.

To summarize, the combined implantation of EDoF and
trifocal IOLs can improve corrected and uncorrected visual
acuities from far to near distances. Spectacle independence
was high at all distances. As shown by the defocus curve,

patients with combined IOL implantation achieved better
visual acuity results at intermediate and near distances
without compromising far distance vision compared to the
monocular outcomes of each IOL. The combined implan-
tation of an EDoF and a trifocal IOL can be a viable option
for patients with high demands for spectacle independence
in their daily life with minimal optical phenomena. In ad-
dition, it can be used as a background study of relatively safe
recommendations other than monovision for patients who
complain of each deficiency after the insertion of an EDoF or
trifocal IOL in their first eye.
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