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ABSTRACT

PURPOSE: To compare visual performance and higher
order aberrations (HOAs) based on the position of the
near segment in eyes with rotationally asymmetric mul-
tifocal intraocular lenses (IOLs).

METHODS: Asymmetric multifocal 10Ls (Lentis Mplus
LS-313; Oculentis Optikgerate GmbH, Wetzlar, Germa-
ny) were implanted with the near segment positioned
either inferiorly, superiorly, or temporally. Uncorrected
distance (UDVA), intermediate (UIVA), and near (UNVA)
visual acuity, corrected distance visual acuity (CDVA),
and distance-corrected intermediate (DCIVA) and near
(DCNVA) visual acuity, contrast sensitivity, HOAs, and
subjective symptom questionnaires were compared at
1 month postoperatively.

RESULTS: Forty-five eyes from 45 patients were evalu-
ated (n = 25, 9, and 11 eyes in the inferior, superior, and
temporal groups, respectively). No significant differences
in UDVA, UIVA, UNVA, CDVA, DCIVA, or DCNVA were found
between the three groups (P > .05). The temporal group
showed the best results in UDVA, CDVA, and DCNVA, but
the inferior group showed the best results in DCIVA and
UNVA and the superior group showed the best results
in UIVA. Contrast sensitivity and the subjective symptom
questionnaire also did not demonstrate any significant dif-
ferences (P > .05). Total HOA and spherical aberration
did not demonstrate any statistically significant differences
(P > .05), but vertical coma and horizontal coma dem-
onstrated significant differences based on near segment
position (P < .001).

CONCLUSIONS: The position of the near segment in
eyes with rotationally asymmetric multifocal IOLs dem-
onstrates no significant effect on visual performance.

[J Refract Surg. 2016;32(4):238-243.]

he Lentis Mplus (Oculentis Optikgerdte GmbH, Wet-
zlar, Germany) is a refractive rotationally asymmetric
multifocal intraocular lens (IOL) with an additional

sector-shaped near-vision zone.! This IOL was recently intro-
duced to clinical practice and its clinical outcomes have been
extensively reported.’'® Other researchers have mostly investi-
gated the IOL’s clinical results in comparison with other presby-
opia-correcting IOLs and the positional stability of the capsular
tension ring and plate-haptic design. Placement of an additional
sector-shaped near-vision zone was usually inferior,?>151¢ glight-
ly nasally deviated,® or definite positional remarks were absent.
Inferior placement of the near segment is recommended by the
manufacturer.? However, one case report that showed good re-
sults after superior rotation of the near segment in the eye with
inferior corneal scar implies the possibility that different posi-
tioning of the near segment could be better than or comparable
with inferior placement depending on the cornea’s status.'” The
authors thought that placement of the near segment in any direc-
tion within the pupillary area could result in good far and near
focus in the eyes with normal corneas without much irregularity.

The aim of the current study was to compare both visual
performance and higher order aberrations (HOAs) depending
on the position of the near segment in eyes with rotationally
asymmetric multifocal IOLs.

PATIENTS AND METHODS
STUDY DESIGN
This retrospective, comparative clinical study was per-
formed at the Department of Ophthalmology, University of Ul-
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san College of Medicine, Asan Medical Center, Seoul,
Korea. Patients who had undergone cataract surgery
with rotationally asymmetric multifocal IOLs between
January 2012 and March 2014 were enrolled. The study
was approved by the hospital’s institutional review
board and followed the tenets of the Declaration of Hel-
sinki. All patients provided written informed consent.

PATIENTS

Patients with moderate cataracts (NO2, C2, P1, or
more severe cataracts according to the Lens Opacity
Classification System III) (ie, significant reduction of
visual quality) and who preferred not to use reading
glasses were included. Exclusion criteria included age
younger than 50 years or older than 85 years (to avoid
a confounding bias due the relationship between age
and retinal health status), axial length greater than 26
mm, corneal astigmatism greater than 1.50 diopters
(D), intraoperative complications, and ocular disease
other than cataracts. Eyes with topographically irregu-
lar corneas were also excluded.

All patients underwent a full ophthalmologic ex-
amination, including visual acuity, tonometry, refrac-
tive status, slit-lamp evaluation, topography (Orbscan;
Bausch & Lomb, Inc., Rochester, NY), specular mi-
croscopy, and funduscopy. After considering corneal
curvature, axial length, and anterior chamber depth,
IOL power was determined using the SRK II, SRK/T,
Haigis, or Hoffer Q formula and IOLMaster optical bi-
ometer (Carl Zeiss Meditec AG, Jena, Germany).

IOL AND THE POSITION OF THE NEAR SEGMENT

The Lentis Mplus is a single-piece refractive multifo-
cal IOL made of hydrophilic acrylic with a hydrophobic
surface. This IOL is constructed based on the concept of
rotational asymmetry, in which two refractive zones are
both on the optical axis of the IOL: aspheric distance-vi-
sion zone combined with a near addition of +3.00 D pos-
terior sector-shaped near-vision zone. The LS-313 with a
plate-haptic design was used in this study. The direction
of the near segment of this IOL was one of the three direc-
tions: inferior, superior, or temporal.

SURGICAL TECHNIQUE

All operations were performed on the superior side
of the patient’s head by one surgeon (HT). After the ap-
plication of topical anesthesia (0.5% proparacaine hy-
drochloride), a continuous curvilinear capsulorhexis
marker with a 6-mm diameter was used as a reference
to the corneal plane. The diameter was approximately
5 mm on the IOL plane. A 2.2-mm limbal incision was
made at a steep axis to reduce corneal astigmatism.
Continuous curvilinear capsulorhexis and hydrodis-

section were then performed. Microcoaxial phaco-
emulsification and polishing were performed, and the
rotationally asymmetric multifocal IOL was implanted
in the capsular bag with good centration through an
enlarged 2.75-mm incision. Stromal hydration of the
incision site was performed using a balanced salt solu-
tion, and surgery was completed without sutures. Post-
operative 1.0% gatifloxacin and rimexolone eye drops
were administered four times per day for 4 weeks.

POSTOPERATIVE ASSESSMENT

Approximately 1 month after surgery, uncorrected
visual acuity was measured, including distance, inter-
mediate, and near (UDVA, UIVA, and UNVA). After
assessing manifest refraction, corrected distance visual
acuity was also measured, including distance, inter-
mediate, and near (CDVA, DCIVA, and DCNVA). Near
and intermediate visual acuity were measured using
a Landolt C ring chart at 40 cm for near and 70 cm
for intermediate. Contrast sensitivity under photopic
and mesopic conditions was measured using a vision
contrast sensitivity test (Vistech Consultants, Inc.,
Dayton, OH). Ocular higher order aberrations (HOAs)
were measured using a Zywave Il wavefront analyzer
(Bausch & Lomb, Inc.) over a 5-mm pupil.

Patients completed a questionnaire designed to as-
sess subjective symptoms with the eye treated (Figure
A, available in the online version of this article). Patient
satisfaction was assessed at three levels (very satisfied,
moderately satisfied, or unsatisfied). Postoperative glare
and halo were evaluated at three levels (none to mini-
mal, moderate, or severe), and each patient’s dependen-
cy on reading glasses was evaluated (never, sometimes,
or always). Patients were instructed to answer the ques-
tions regarding the one eye treated. Patient recommen-
dations for the procedure were also evaluated.

STATISTICAL ANALYSIS

Data are presented as the mean + standard devia-
tion. Statistics were analyzed using SPSS for Windows
software (version 21.0; SPSS, Inc., Chicago, IL). The
included eyes were divided into three groups depend-
ing on the position of the near segment. The Kruskal-
Wallis test was used to compare three independent
sample groups. Categorical data were analyzed using
the chi-square or Fisher exact test. Two-sided P values
less than .05 are considered statistically significant.

RESULTS
A total of 45 eyes from 45 patients who underwent
unilateral cataract surgery were included in this study.
The inferior group consisted of 25 eyes, the superior
group consisted of 9 eyes, and the temporal group con-
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TABLE 1
Preoperative Patient Characteristics
Characteristic Inferior Group Superior Group Temporal Group P2
Eyes (n) 25 9 11 -
Age (y) 67.44 = 8.71 66.67 = 7.16 64.27 + 12.60 .733
Sphere (D) 0.30 = 1.79 -0.62 + 2.41 0.06 = 1.88 444
Cylinder (D) 1.05 + 0.48 0.94 + 0.32 1.01 = 0.70 .936
MRSE (D) 0.82 = 1.74 -0.17 = 2.48 0.55 = 1.90 AT1
UDVA (logMAR) 0.48 = 0.29 0.43 += 0.30 0.42 = 0.20 972
CDVA (logMAR) 0.24 = 0.24 0.19 = 0.11 0.16 = 0.12 .755
I0L power (D) 19.86 = 2.22 19.50 = 2.36 18.83 = 1.85 .483

D = diopters; MRSE = manifest refraction spherical equivalent; UDVA = uncorrected distance visual acuity; CDVA = corrected distance visual acuity; IOL = intra-

ocular lens

aKruskal-Wallis test.

TABLE 2
Postoperative Refractive and Visual Acuity (logMAR) Outcomes

Parameter Inferior Group Superior Group Temporal Group P2

Sphere (D) -0.43 + 0.58 -0.56 + 0.33 -0.61 + 0.45 .248
Cylinder (D) 0.66 + 0.51 0.61 + 0.25 0.70 = 0.38 .746
MRSE (D) -0.10 = 0.60 -0.25 = 0.32 -0.26 + 0.49 .356
UDVA 0.09 = 0.09 0.13 = 0.11 0.06 = 0.07 415
CDVA 0.02 = 0.05 0.03 + 0.05 0.01 = 0.03 E5115)
UIVA 0.32 = 0.18 0.31 = 0.12 0.39 = 0.13 .361
DCIVA 0.29 + 0.17 0.34 = 0.15 0.31 + 0.09 .643
UNVA 0.30 = 0.21 0.37 = 0.10 0.35 = 0.12 .318
DCNVA 0.28 = 0.15 0.30 = 0.07 0.27 = 0.10 .807

near visual acuity.
aKruskal-Wallis test.

D = diopters; MRSE = manifest refraction spherical equivalent; UDVA = uncorrected distance visual acuity; CDVA = corrected distance visual acuity; UIVA =
uncorrected intermediate visual acuity; DCIVA = distance corrected intermediate visual acuity; UNVA = uncorrected near visual acuity; DCNVA = distance corrected

sisted of 11 eyes. The preoperative clinical character-
istics of each group are summarized in Table 1. There
were no significant differences in age, preoperative re-
fraction, UDVA, CDVA, or power of the implanted IOL.
Postoperative refraction and visual acuity outcomes
demonstrated no significant differences between the
three groups (Table 2). Refraction in the temporal
group was slightly more myopic than the other groups,
but a statistically significant difference was not found
between the three groups and manifest refraction cor-
rected visual acuity also demonstrated no significant
differences. Although UDVA and UNVA were slightly
worse in the superior group than the other groups, sta-
tistically significant differences were not found.
Figure 1 shows contrast sensitivity under photopic
and mesopic conditions in the three groups. All three
groups of eyes demonstrated good contrast sensitivity
under photopic and mesopic conditions. There were

no statistically significant differences at any spatial
frequency (P > .05; Kruskal-Wallis test).

Table 3 lists the postoperative ocular HOAs. Total
HOA and spherical aberration demonstrated no statis-
tically significant differences, but vertical coma and
horizontal coma demonstrated significant differences
between the three groups (P = .000 and .001, respec-
tively; Kruskal-Wallis test). Vertical coma values in the
inferior group demonstrated almost negative values, the
superior group demonstrated positive values, and the
temporal group demonstrated small values (0.30 + 0.30,
0.49 + 0.18, and 0.00 + 0.12 pm, respectively). Horizon-
tal coma values in the inferior and superior groups were
not large, but the temporal group demonstrated large
horizontal coma values (-0.08 + 0.22, -0.01 = 0.18, and
-0.41 + 0.08 pm, respectively). We switched the sign
of horizontal coma from positive to negative in the left
eyes of the temporal group (4 of 11 eyes).
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Figure 1. (A) Photopic and (B) mesopic contrast sensitivity in the three groups. No statistically significant differences were found (cpd = cycles per
degree). Group A = inferior near segment; Group B = superior near segment; Group C = temporal near segment

TABLE 3
Postoperative Ocular HOAs
Aberration Inferior Group Superior Group Temporal Group P2
Total HOA (um) 0.70 = 0.15 0.66 = 0.22 0.56 + 0.07 .086
Spherical aberration (um) 0.25 = 0.11 0.24 = 0.12 0.20 = 0.06 .623
Vertical coma (um) -0.30 + 0.30 0.49 = 0.18 0.00 = 0.12 < .001
Horizontal coma (um) -0.08 + 0.22 -0.01 + 0.18 -0.41 = 0.08° .001

HOA = higher order aberration
2Kruskal-Wallis test.
bHorizontal coma switched from positive to negative in left eyes.

Four of 25 patients in the inferior group did not an-
swer the questionnaire. Three of 21 patients (14.3%)
in the inferior group, 1 of 9 patients (11.1%) in the
superior group, and 0 of 9 patients in the temporal
group reported severe halo. Three patients (14.3%) in
the inferior group, 1 patient (11.1%) in the superior
group, and 5 patients (45.5%) in the temporal group re-
ported moderate halo. However, there were no statisti-
cally significant differences between groups (P = .264;
Fisher exact test). Two patients (9.5%) in the inferior
group, 0 patients in the superior group, and 2 patients
(18.2%) in the temporal group reported severe glare.
Eight patients (38.1%) in the inferior group, 4 patients
(44.4%) in the superior group, and 3 patients (27.3%)
in the temporal group reported moderate glare. How-
ever, there were no statistically significant differences
between groups (P = .821; Fisher exact test) (Figure 2).

Two of 21 patients (9.5%) in the inferior group al-
ways required reading glasses in comparison with 0
patients in the superior and temporal groups. Nine pa-
tients (42.9%) in the inferior group, 2 patients (22.2%)
in the superior group, and 3 patients (27.3%) in the
temporal group sometimes required reading glasses.
However, there were no statistically significant differ-
ences between the three groups (P = .508; Fisher exact

test). Five of 21 patients (23.8%) in the inferior group
reported that they were moderately satisfied with their
IOLs. The rest (76.2%) of the patients in the inferior
group and all patients in the superior and temporal
groups reported that they were very satisfied with
their IOLs. Also, there were no statistically significant
differences between the three groups (P = .110; Fisher
exact test) (Figure 3). All patients in the inferior, su-
perior, and temporal groups reported that they would
recommend the procedure to another person.

DISCUSSION

The Lentis Mplus multifocal IOL demonstrates
good visual outcomes with minimal optical side ef-
fects.1-35-8.14-16 Theoretically, the design of a refractive,
rotationally asymmetric, surface-embedded near seg-
ment makes the IOL independent of pupil size and
demonstrates minimal energy loss.»?® Light hitting
the transition area of the embedded sector is reflected
away from the optical axis to prevent superposition of
interference or diffraction.’? The refractive rotational-
ly asymmetric IOL has two refractive zones (one for far
vision and one for near vision) and both are on the op-
tical axis of the lens. Light in the near vision-specific
zone is refracted to the near focus, and light in the rest
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Figure 3. Patient (A) satisfaction and (B) dependency on spectacles for reading. Group A = inferior near segment; Group B = superior near segment;

Group C = temporal near segment

of the lens is refracted to the far focus.?? Therefore, in-
coming light rays are distributed to two principal focal
points. We believed that by properly centering the IOL
within the pupillary area, any direction of the near seg-
ment could result in the same focusing onto the fovea
at far and near focal points. We also placed the IOL in
the capsular bag with good centration.

The Lentis Mplus is a bifocal lens. In the case of bi-
focal lenses in the spectacle plane, the near segment is
placed inferiorly to gaze downward for near work. How-
ever, the IOL is placed in the lens plane of the eye (ie, the
position of the near segment in this IOL could be inde-

pendent of gaze for near work). The inferior positioning
of the near segment of this IOL has mostly been recom-
mended.?51%1® However, a downward gaze for near work
would not necessarily require an inferiorly placed near
segment. In the current study, no statistically significant
differences were found in terms of distance, intermedi-
ate, and near visual acuities, contrast sensitivity, or ques-
tionnaire results between the three groups after surgery.
We speculate that the results of our study might
depend on the patient’s cornea. One case report that
showed better results after superior rotation of the near
segment in the eye with small inferior corneal scar sug-
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gests that the optimal positioning of near segment could
be dependent on the cornea’s status.’” In the current
study, we excluded the eyes with irregular corneas us-
ing preoperative topography and only included the eyes
that had normal corneas without much irregularity.
Hence, comparable effects on visual outcomes could be
found regardless of the direction of the near segment.

We also evaluated ocular HOAs in each group and
found that the vertical and horizontal coma values were
significantly different between the three groups. Consid-
ering the additive power of +3.00 D in the near segment
of this IOL, such differences were reasonable. One could
assume that the inferior and superior position of the near
segment would induce negative and positive vertical
coma, respectively, and the temporal position of the near
segment would have little influence on vertical coma
(-0.30 = 0.30, 0.49 + 0.18, and 0.00 + 0.12 pm, respective-
ly). As is the case for horizontal coma, one could assume
that the inferior and superior position of the near seg-
ment would have little influence on horizontal coma and
the temporal position of the near segment would induce
negative horizontal coma in the right eye (0.08 + 0.22,
-0.01 + 0.18, and -0.41 + 0.08 pm, respectively). If the
near segment was placed nasally in the right eye, hori-
zontal coma would be induced by a large positive degree.

The current study was limited by its retrospective
nature and the sample size was small and unequiva-
lent between the superior (9 eyes), temporal (11 eyes),
and inferior (25 eyes) groups. The questionnaire used
in this study was not widely accepted to assess sub-
jective symptoms following multifocal IOL implanta-
tion and some caution might be needed to interpret the
subjective outcome. The relatively short postoperative
period might not draw a firm conclusion. Future large-
scale prospective studies with longer follow-up peri-
ods are required to confirm the current findings.

The position of the near segment in eyes with rota-
tionally asymmetric multifocal IOLs has no significant
effect on visual performance. This seems to be the case
when focusing on two focal points at far and near dis-
tances, regardless of the direction of the near segment,
if two optic zones of different powers are well centered
within the pupillary area.
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Question

1. How satisfied are you with the outcome of your procedure?

1) Very satisfied 2) Moderately satisfied 3) Unsatisfied

2. How much difficulty do you now have with your vision at night because of
glare from bight light?

1) None to minimal 2) Moderate 3) Severe

3. How much difficulty do you now have with your vision at night because of
starburst or halos around bright light?

1) None to minimal 2) Moderate 3) Severe

4. Do you need reading glasses after surgery?

1) No, almost not 2) Well, sometimes 3) Yes, nearly always

5. Would you recommend the procedure to your friends or relatives?
1) Yes 2) No

Figure A. Subjective patient questionnaire.




