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Abstract. To compare visual outcome, subjective visual experience, and
satisfaction between eyes with multifocal intraocular lens and monofocal
intraocular lens. This is a retrospective chart review of 39 eyes of 20 patients
in Group A, who received multifocal intraocular lens. At 6 months
postoperative; uncorrected, best corrected distance visual acuity and near
visual acuity were collected. Patients’ self responses questionnaire on
spectacle dependency, visual phenomena and overall satisfaction was
considered. Results were compared with those in 40 eyes (20 patients)
Group B implanted with the SAGOAT monofocal IOL as a control group.
Uncorrected distance acuity of 0.7 was achieved in 87.2% eyes in the
multifocal group; 90.0% in the monofocal group and of 0.8 or better, in
74.4% and 70.0%, respectively. Best corrected distance acuity of 0.8 was
achieved in all eyes in both groups and of 0.9-1.0 in about 95.0% in both
groups. The mean postoperative spherical error was + 0.30 diopter in the
multifocal group and - 0.14 diopter in the monofocal group. Multifocal
intraocular len patients reported reduced dependency upon glasses for all
distances. Multifocal group experienced significantly more halos and glare.

Keywords: Multifocal —intraocular lens, Patient satisfaction,
Spectacles independence.

Introduction

Restoring unaided full-range functional vision is an ultimate goal after
cataract extraction. The introduction of multifocal intraocular lenses
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(MIOLs) in early 1980s presented the possibility of attaining good
binocular uncorrected distance and near vision"™. With such potential
associated with greater spectacle freedom and improved life quality;
MIOLs are growing in popularity”™ . Still some drawbacks are inherent
to their design and work principle; multifocality and simultaneous
vision™. Dividing incoming light into more than one focus; presents
more than one image of the same object at the same time; decreasing
total light dedicated for each image. And, at least theoretically,
decreasing image quality by decreasing contrast sensitivity!”, plus
increasing photic phenomena!'”'! and increasing retinal stray light
through increased scatter'' .

Subjects and Methods

The charts of our patients who underwent uneventful standard
phacoemulsification procedure, and received the ReSTOR IOL (model
SN60D3, Alcon Laboratories Inc. Fort Worth, Texas, USA) at King
Faisal Specialist Hospital & Research Center-Jeddah were retrospectively
reviewed. 39 eyes of 20 patients in the multifocal group (Group A) and
40 eyes of 20 patients in the monofocal IOL group (Group B) were
studied. Inclusion criteria for Group A (ReSTOR patients) included: age
between 57 to 67 years with bilateral cataract and presbyopia.
Otherwise, with healthy eyes and expressed a wish to be spectacle
independent. They were also keen to be able to read without glasses after
bilateral cataract surgery. All patients were counseled about the realistic
expectation of the IOL and the potential drawbacks, plus they all signed
the well-informed consent.

All patients had less than 1 diopter of preoperative corneal
astigmatism. Preoperative assessment for all patients included manifest
refraction, slit-lamp biomicroscopy, Goldman applanation tonometry,
and binocular indirect ophthalmology. A biometry was performed using
IOL Master Software Version 4.xx (Carl Zeiss Meditec, Jena, Germany)
and keratometry was performed with NIDEK ARK-510A AUTO
REF/KERATOMETER (NIDEK CO., LTD. Tokyo, Japan). It was
aimed at the closest to +0.25 SD post operative refractive statuses for the
ReSTOR patients, while routinely targeting emmetropia or slight myopia
for the monofocal IOL. All patients were seen postoperatively at day
one, in one week and in one month, then, three and six months post
operatively. They also had post operative clinical evaluation that
included uncorrected and corrected: far and near visual acuities, manifest
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refraction, slit-lamp biomicroscopy and dilated fundus examination.
Patients were checked for IOL position and posterior capsule condition
using slit-lamp after pupil dilatation. No patient had significant IOL
decentration or posterior capsular opacity resulting in visual symptoms.
Ancillary testing (Optical Coherence Tomography -OCT- macula and
fundus fluorescene angiography) was performed for patients with
significant dissatisfaction of their vision. Second eye surgery was
offered 2-3 weeks after the first eye operation in the ReSTOR Group A.
This interim was not considered in the study for patients in the
monofocal AcrySof SA60AT Group B. All patients in both groups had
bilateral IOL implantation except for one patient in the multifocal group.

Surgical Technique

All surgeries were performed by the same surgeon and using
standardized bimanual phacoemulsification with the Infiniti Vision
System (Alcon). Under topical anesthesia with IV sedation, 2.8mm clear
corneal incisions were made at locations based on reducing overall
corneal astigmatism. Viscoelastic (Provisc) was used to deepen the A/C;
anterior continuous curvilinear capsulorhexis measuring approximately
5.0 mm in diameter was accomplished by using a bent needle and
capsulorhexis  forceps. After hydrodissection, endocapsular
phacoemulsification of the nucleus, an irrigation and aspiration of the
residual cortex were carried out. The IOL was placed in the capsular bag
using the Monarch II injector and C-cartridge (Alcon) or D-Cartilage.
All surgeries were uneventful. All IOLs were implanted and well-
centered within the capsular bag.

Intraocular Lenses Characteristics

The AcrySof ReSTOR SN60D3 multifocal intraocular lens is a
yellow-tinted, foldable, single-piece, biconvex IOL made of a high-
refractive index (1.55) hydrophobic, flexible cross linked acrylate-
methacrylate copolymer with a chemically bonded ultraviolet
chromophore!®!.  This TIOL combines the function of the apodized
diffractive region. The apodized diffractive optics is within the central
3.6 mm optical zone of the IOL. This area comprises of 12 concentric
steps of gradually (1.3 to 2um) heights, creating bifocality from near to
far (2 foci). The refractive region of the optic surrounds the apodized
diffractive region. This area directs light to distant focal point for larger
pupil diameter and is dedicated to distance vision. The overall diameter
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of the IOL is 13.0 mm, and the optic diameter is 6.0 mm. The IOL
power varies from +10.0 to +30.0 D and incorporates a +4.0 near
addition (add) at the IOL plane, which corresponds to +3.2 add at the
spectacle plane'¥. This hybrid diffractive-refractive concept has been
shown to result good and stable visual outcomes after cataract
extraction. The monofocal AcrySof SA60AT is a yellow-tinted,
foldable, single piece, and anterior asymmetric biconvex and had a 6.0
mm acrylic optic. The single-piece design and acrylic material are the
same as those of the ReSTOR multifocal IOL.

Six months post operative uncorrected (UC) and best corrected,
distance and near visual acuity results and a manifest refraction spherical
error (MRSE) were obtained from the charts and served as primary
outcome measures. Distance visual acuity was measured using the
Snellen chart at 6 m and the near visual acuity was measured using the
Jaeger chart at about 31 cm. MRSE was measured with NIDEK ARK-
510A; antro-Refractor. Secondary outcome measures were spectacle
dependency, visual phenomena and overall patient satisfaction, and if
they would have the procedure again. These were obtained as answers to
physician direct questioning, or well self-reported by the patients
themselves at any visit from 3-6 months post operatively.

Statistical analysis was performed with SPSS version 12.0 (SPSS,
Chicago, ILL, USA). Results were expressed as means £ SD. The
(paired-sample #-test) was used to compare visual acuities and refractive
outcomes between groups. Categorical variables were compared using
the (chi-square test). A p value set at or less than 0.05 was considered
statistically significant.

Results

Thirty-nine eyes of forty patients were reviewed (39 eyes / 20
patients in the multifocal group (Group A) and 40 eyes / 20 patients in
the monofocal (Group B). Each group consisted of 9 males and 11
females. Only one patient had cataract extraction and ReSTOR IOL
implantation in one eyes. Forty eyes of twenty patients implanted
bilaterally, and uneventfully with AcrySof SA60AT, monofocal IOL
served as the control group. The mean = SD age was 61.8 (= 3.1) years
for the multifocal group and 62.4 (+ 2.166) years for the monofocal
group. The control group was closely matched with the study group in
terms of age, sex and preoperative eye condition (Table 1).
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Table 1. Preoperative demographics and eye condition.

e IOL Group
Characteristics Multifocal A Monofocal B P Value
Number, eyes/patients 39/20 40/20 -
Male/Female 9/11 9/11 > 0.05
Mean age (years) = SD 61.8+£3.1 62.4+2.16 > (.05
Keratometry (D)
Mean = SD
K1 4436 +1.34 4421+ 1.51 ~0.05
K2 43.55+1.54 4330+ 1.74 )
IOL power (D)
Mean = SD 21.70£2.19 20.80 = 3.60 >0.05
Range (D) 18 to 24 18 to 25

1IOL = Intraocular lens; SD = Standard deviation; D = Diopter

Preoperatively, all patients had uncorrected distance acuity of 0.5 P-
value or better. Uncorrected distance acuity of 0.7 or better was achieved
in 87.2% eyes in the multifocal group and 90.0% in the monofocal group
and of 0.8 or better, in 74.4% and 70.0%, respectively. Best corrected
distance acuity of 0.8 or better was achieved in all eyes in both groups
and of 0.9-1.0 in about 95.0% in both groups. The mean postoperative
spherical error was + 0.30 diopter in the multifocal group and - 0.14
diopter in the monofocal group.

A significantly greater proportion of eyes in the multifocal group
(60.0%) compared to in the monofocal group (2.5%) achieved an
uncorrected near acuity (UCDVA) of 0.7 (J2, N5) or better. 95.0% of
eyes in the multifocal group and 17.5% in the monofocal group achieved
an uncorrected near visual acuity (UCNVA) of 0.5 (J3, N6) or better.
Best corrected near visual acuity (BCNVA), which was achieved by
correcting the eyes for distance, and then putting the near add for the
reading distance. Thus, there was not significantly different between the
two groups.

In both groups (multifocal Group A and monofocal Group B), there
was comparable high level of satisfaction with the overall vision
postoperatively indicating that the cataract surgery was successful.
Furthermore, the uncorrected visual acuity noticeably improved from its
pre-surgical state. With bilateral multifocal IOL implantation, rates of
spectacle dependency were reported to be significantly lower than with
monofocal IOLs!">'". No patient in the multifocal group wore glasses
all the time. However, reading glasses were required in 15% of the
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patients in the multifocal group and 95% in the monofocal group.
Moderate symptoms were reported in 20.0% of eyes in the multifocal
group and 5% in the monofocal group (P=.008). One patient in the
multifocal group, however, reported “significant and bothering” but still
not incapacitating, the glare and halos. The same patient was more
dissatisfied because she could not perform fine handwork jobs without
glasses. The patient was a nurse who wanted to see without glasses 10/0
vicryl needle, thus, refused to have the same type of IOL in her other eye.

No patient reported severe glare in the monofocal group. Moreover,
no patient in the monofocal group was dissatisfied enough to request IOL
removal or discontinue with the other eye surgery. Previous studies
report a significantly higher rate of photic phenomenon (especially halos
and glare) with multifocal TOLs!"'"1%),

Discussion

The present retrospective study of visual outcome demonstrated the
objective of the multifocal IOLs is to reduce spectacle dependency at
various distances of visual tasks while providing good vision without
sacrificing the quality of vision. Quality of vision includes, among other
parameters, halos and glare. Theoretically, any multifocal IOL may be
associated with a decrease in image quality because of the distribution of
the light between more than one focal point, and possibly, increased light
scatter!?. Table 2 and 3 show the individual visual acuity results and
spherical error for the multifocal IOL Group A and monofocal 1OL
Group B, respectively. Tables 4-6 show mean visual acuities for distance
and near, and mean spherical error for the two groups with the statistical
significance indicated by the p value (< 0.05).

Table 2. Six-month postoperative visual acuities and spherical error results in patients
with multifocal intraocular lens.

Multifocal UCDVA BCDVA UCNVA BCNVA SE
Group A Eyes
1.Right 0.7 0.9 0.7 0.9 -0.25
Left 0.8 0.9 0.7 0.9 0.00
5 0.8 0.9 0.8 0.8 +0.25
: 0.9 1.0 0.8 0.8 +0.25
0.9 1.0 0.6 0.7 0.00

3 0.9 1.0 0.6 0.7 0.00
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Table 2. (Continuation) Six-month postoperative visual acuities and spherical error results
in patients with multifocal intraocular lens.

Multifocal UCDVA BCDVA UCNVA BCNVA SE
Group A Eyes

. 0.6 0.9 0.7 0.7 025
: 0.8 0.9 0.7 0.7 +0.25
5 0.9 0.9 0.7 0.7 +0.25
: 0.9 0.9 0.7 0.7 +0.50
6 0.6 0.9 0.8 1.0 +1.00
. 0.7 0.9 0.8 1.0 +0.50
; 0.6 0.8 0.8 0.9 +0.75
: 0.6 0.8 0.8 0.9 +0.75
g 0.8 0.9 0.5 0.6 +0.25
: 0.8 0.9 0.4 0.6 +0.50
0 0.8 0.9 0.6 0.7 +0.25
. 0.9 0.9 0.7 0.7 +0.25
0. 0.8 0.9 0.6 0.7 +0.25
0.8 0.9 0.6 0.7 +0.25

o 0.9 0.9 0.7 0.8 +0.25
0.9 0.9 0.7 0.8 +0.25

0 0.8 0.9 0.6 0.7 +0.25
: 0.8 0.9 0.6 0.7 +0.25
. 0.8 0.9 0.7 0.7 +0.25
1.0 1.0 0.7 0.7 +0.25

" 0.9 1.0 0.6 0.7 +0.25
0.9 1.0 0.6 0.7 +0.25

5 0.8 0.9 0.7 0.8 +0.25
0.8 0.9 0.7 0.8 +0.25

6. 0.7 1.0 0.6 0.7 +0.50
0.8 1.0 0.6 0.7 +0.50

1 0.8 1.0 0.7 0.8 +0.25
. 0.8 1.0 0.7 0.8 +0.25
. 0.6 0.9 0.5 05 +0.75
0.7 0.9 0.5 0.5 +0.50

. 0.8 1.0 0.7 0.8 +0.25
0.8 1.0 0.7 0.8 +0.25

20. 0.7 0.9 0.4 0.7 +1.25

UCDVA = Uncorrected distance visual acuity; BCDVA = Best corrected distance visual acuity;
UCNVA = Uncorrected near visual acuity; BCNVA = Best corrected near visual acuity;
SE = Spherical error

Table 3. Six-month postoperative visual acuities and spherical error results in patients
with monofocal intraocular lens.

Monofocal

UCDVA BCDVA UCNVA BCNVA SE
Group B Eyes
1. Right 0.7 0.9 0.5 1.0 -0.50
Left 0.7 0.9 0.5 1.0 -0.50
) 0.9 1.0 0.4 0.9 -0.25

0.9 1.0 0.4 0.9 -0.25
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Table 3. (Continuation) Six-month postoperative visual acuities and spherical error results
in patients with monofocal intraocular lens.

Monofocal UCDVA BCDVA UCNVA BCNVA SE
Group B Eyes
; 0.9 1.0 0.3 0.8 -0.25
: 0.9 1.0 0.4 0.8 -0.50
A 0.6 0.9 0.4 0.7 -0.25
: 0.8 0.9 0.3 0.7 +0.25
s 1.0 1.0 0.3 0.7 +0.25
: 0.9 1.0 0.3 0.7 +0.50
p 0.5 0.9 0.2 0.8 +1.00
: 0.7 0.9 0.3 0.8 +0.50
. 0.5 0.8 0.2 0.8 +0.75
: 0.7 0.8 0.3 0.8 +0.25
g 0.8 0.9 0.5 0.6 -0.25
: 0.8 0.9 0.4 0.6 -0.50
0 0.9 1.0 0.3 0.8 +0.25
: 0.9 1.0 0.3 0.8 +0.25
0 0.8 0.9 0.4 0.7 -0.25
: 0.9 0.9 0.3 0.7 0.00
" 0.8 0.9 0.4 0.8 -0.25
: 0.7 0.9 0.4 0.8 -0.50
. 0.8 0.9 0.3 0.7 -0.25
: 0.8 0.9 0.3 0.7 -0.25
;3 0.8 1.0 0.4 0.9 -0.50
: 1.0 1.0 0.3 0.9 0.00
” 1.0 1.0 0.3 0.9 0.00
: 1.0 1.0 0.3 0.9 0.00
s 0.8 1.0 0.4 0.8 -0.25
: 0.8 1.0 0.4 0.8 -0.25
6 0.7 1.0 0.7 0.8 -1.00
: 0.8 1.0 0.5 0.8 -0.50
. 0.8 0.9 0.3 0.6 +0.25
: 0.8 0.9 0.4 0.6 -0.25
8 0.6 0.9 0.5 0.8 -0.75
: 0.7 0.9 0.5 0.8 -0.50
. 0.8 1.0 0.4 0.8 -0.25
: 0.8 1.0 0.4 0.8 -0.25
20 0.7 0.9 0.4 0.7 -0.25
: 0.8 1.0 0.4 0.8 -0.25

UCDVA = Uncorrected distance visual acuity; BCDVA = Best corrected distance visual acuity;
UCNVA = Uncorrected near visual acuity; BCNVA = Best corrected near visual acuity;
SE = Spherical error



Multifocal vs. Monofocal Intraocular Lens... 55

Table 4. Six-month postoperative uncorrected and best corrected distance visual acuities.

Distance Visual IOL Group
. P Value
Acuity Multifocal A Monofocal B
Uncorrected
Mean + SD 0.79 +0.10 0.79+£0.12 >0.05
Range 0.6-1.0 0.5-1.0
Best corrected
Mean + SD 0.92 +0.05 0.94 + 0.05 >0.05
Range 0.8-1.0 0.8-1.0

IOL = Intraocular lens; SD = Standard deviation

Table 5. Six-month postoperative uncorrected and best corrected near visual acuities.

. Acui IOL Group
Near Visual Acuity Multifocal A Monofocal B PValue
Uncorrected
Mean £+ SD 0.66 £ 0.10 0.37 £ 0.095 <0.05
Range 04-0.8 0.2-0.7
Best corrected
Mean £+ SD 0.75+0.11 0.78 £ 0.099 >0.05
Range 0.5-1.0 0.6-1.0
IOL= Intraocular lens; SD= Standard deviation
Table 6. Six-month postoperative spherical error.
Result IOL Group PVal
esu Multifocal A Monofocal B aue
Spherical error (D)
Mean + SD 0.30+0.24 -0.14+£0.40 <0.05
Range -0.25 - 1.00 -1.0-1.0 )

IOL = Intraocular lens; D = Diopter; SD = Standard deviation

Several published studies found that AcrySof ReSTOR IOLs
provides good unaided distance and near visual acuities and afford high
patient satisfaction in the specified follow up period”*?". Chiam ez
al "' reported spectacle dependency in 14% to 15% of patients, while
Vingolo et al." reported 8%. Others have found less satisfactory results
with regard to visual disturbances, with evidence of marked increases in
halos and glare after IOL implantation'”'>**. However, the present study
found that uncorrected near acuity in the multifocal IOL group, 6 months
postoperatively, was significantly better than that of the monofocal
group. Whereas best corrected near visual acuity (BCNVA), uncorrected
distance visual acuity (UCDVA) and best corrected distance visual acuity
(BCDVA) were comparable in the 2 groups. This is similar to former
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prospective studies comparing multifocal IOLs with monofocal
I0Ls!2%,

Unexpectedly, spectacle dependency was significantly less in the
multifocal IOL group compared to the control group. The difference in
the mean spherical errors between the groups could be explained by the
slightly different target postoperative refraction. In the multifocal group,
the postoperative refraction was intended to be slightly hyperopic (+0.25
SD or closest to it) to produce the best possible visual outcome with this
type of IOL. In the monofocal group, the post-operative refraction was
targeted to be emmetropic or slightly myopic. There were more subjects
who achieved distance vision (whether uncorrected or best corrected) of
20/20 in the monofocal group compared to the multifocal group. This
observation was also found in a meta—analytical systematic review by
Leyland and Zinicola comparing diffractive multifocal IOLs and
monofocal IOLs, which showed statistically significant more eyes with
20/20 or better (best distance corrected) in the monofocal group!'l. Our
study found statistically significant more visual symptoms in patients
implanted with the multifocal IOL. This was also reported in other
studies of different multifocal IOLs!"'*!!15192228291 © Thig study also
established that there is high level of satisfaction despite most patients’
experience of various degrees of photic visual phenomena. The overall
satisfaction rate in the multifocal group remained high, compared to that
in the monofocal group. Similar findings have also been reported in
previous studies'®**%. None of our patients who experienced visual
symptoms was willing to exchange the AcrySof ReSTOR IOL to
alleviate the symptoms. This could be expected in a group of patients
that are so keen to be able to read without glasses. This observation may
also suggest that the visual symptoms produced by this multifocal IOL
tend to be tolerable and fade over time®'!. Overall satisfaction in some
patients is not solely guaranteed by good postoperative visual acuity.
Quality of vision and self image may be as important for them as visual
acuity.

In conclusion, bilateral ReSTOR IOL implantation is effective in
achieving good unaided near and distance vision, provided certain
conditions are met. Proper patient selection is required, among other
parameters; habitual visual tasks, interest in being spectacle independent,
realistic expectations, preoperative eye condition and corneal
astigmatism®.  The multifocal IOL provides better uncorrected near
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visual acuity and greater spectacle independence than the monofocal
IOL. In addition to visual acuities at different distances, visual
phenomena and quality of overall vision are important to determinant an
overall subjective satisfaction.
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