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Objective: To report the safety and effectiveness of the AcrySof ReSTOR apodized diffractive intraocular
lens (IOL), model MA60D3, when implanted into the capsular bag.

Design: Multicenter European study including university clinics, eye hospitals, and private ophthalmic
surgical centers.

Participants: One hundred twenty-seven subjects implanted in cataractous eyes in an open multicenter study.
Intervention: After phacoemulsification, the foldable 3-piece hydrophobic acrylic apodized diffractive

IOL was implanted in the capsular bag using a Monarch injector with an A-cartridge. The mean preoperative
patient age was 68.4�12 years. Intraocular lens implant power ranged from 18.0 to 25.0 diopters (D) in 0.5-D
increments.

Main Outcome Measures: Distance visual acuity (VA), near VA, spectacle dependence, unwanted visual
symptoms, and patient satisfaction.

Results: At the 6-month postoperative visit, binocular (both eyes simultaneously) mean uncorrected dis-
tance and near logarithm of the minimum angle of resolution VAs for the MA60D3 were 0.04�0.14 and 0.09�0.12
(n � 118), respectively. In addition, 88.0% and 84.6% of ReSTOR subjects achieved spectacle independence for
distance and near vision, respectively. Glare and halos were reported as severe by only 8.5% and 4.2% of
patients, respectively. Ninety-two percent of patients stated that they would choose to have the same lens
implanted again after the first implant, and 95.7% answered likewise after the second implant.

Conclusions: The AcrySof ReSTOR MA60D3 IOL demonstrated excellent near VA without compromising
distance vision. Spectacle independence and patient satisfaction were high, whereas unwanted photic
phenomena were clinically acceptable. Ophthalmology 2006;113:578 –584 © 2006 by the American Acad-
emy of Ophthalmology.
Despite advances made in small-incision surgery, restora-
tion of functional distance and near vision independent from
additional correction remains a goal for ophthalmic sur-
geons. Monofocal intraocular lenses (IOLs) require sur-
geons to correct either distance or near vision. Multifocal
IOLs address this limitation using the principle of simulta-
neous vision.1 Incoming light is divided between 2 lens
powers, one for distance vision and one for near vision. The
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distance of the user from the object determines the predom-
inating power. When one views a distant object, the image
from the near power is greatly defocused and very faint, so
only the object in the distance is seen. Likewise, when one
views a near object the image produced by the distance
power is greatly defocused and faint. Clinically, multifocal
IOLs have been reported to provide patients with functional
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near and distance vision with acceptable satisfaction.2–9

Reduced image contrast and unwanted visual phenomena,
including glare and halos, have also been associated with
multifocal IOL performance.2–5,8,10–15

The AcrySof apodized diffractive IOL, model MA60D3
(ReSTOR), is a posterior chamber lens developed by Alcon
Research, Ltd. (Fort Worth, TX) (Fig 1). The lens has a
biconvex optic that contains a diffractive structure in the
central 3.6 mm on the anterior surface of the optic. The
optic is composed of the same proprietary acrylic material

Figure 1. The AcrySof apodized diffractive intraocular lens, model
MA60D3. A, Schematic drawing. B, Intraocular lens implanted into the
capsular bag.
that has been used in AcrySof lenses since 1995. This
material has been shown to provide excellent clinical ben-
efits through its high refractive index (1.55), flexibility, and
biocompatibility.16–18 The lens can be folded before inser-
tion, allowing placement through an approximately 3.5-mm
incision with a Monarch II injector A-cartridge (Alcon
Research).19 The AcrySof ReSTOR MA60D3 has a 6.0-
mm-diameter biconvex optic and an overall length of 13.0
mm. The modified-C haptics are comprised of blue-core
polymethyl methacrylate with 10° angulation. Twelve dif-
fractive zones in the central 3.6-mm region divide light
between 2 foci. The diffractive steps gradually reduce in
height and spacing from the lens center to the edge of the
diffractive region (apodization). The outer refractive region
has no diffractive zones and is strictly refractive. The add
power of the lens is �4.0 diopters (D).

The goal of the current study was to investigate the safety
and efficacy of the AcrySof ReSTOR IOL when implanted
into the capsular bag after phacoemulsification—according
to its intended use, which includes bilateral implantation.
Bilateral implantation of simultaneous vision IOLs is asso-
ciated with better visual outcomes.3,8,20–23

Patients and Methods

Eight European investigators implanted 127 subjects with the
AcrySof ReSTOR IOL MA60D3 in their first eye. Of the 127
subjects, 119 had bilateral implantation with a second study IOL.
No separate control group was included in this study, but the
clinical results were compared with the Food and Drug Adminis-
tration (FDA) Grid of Historical Controls contained in annex B of
the intraocular lens guidance document issued in October of 1999.
Adult (�21 years old at the time of surgery) subjects of any race
and gender, who were appropriate for bilateral cataract surgery,
were considered for enrollment in the study. Requirements for
participation in the study included a potential postoperative visual
acuity (VA) of 20/40 (0.34 logarithm of the minimum angle of
resolution [logMAR]) or better in study eye(s) and �1.0 D of
astigmatism preoperatively. For reference, Table 1 (available at
http://aaojournal.org) shows the Snellen equivalents for logMAR VA
values.

The AcrySof ReSTOR IOL MA60D3 was implanted into the
capsular bag after cataract removal by phacoemulsification. Seri-
ous adverse events were occurrences considered to be potentially
sight threatening. In this study, visual disturbances (glare/flare,
halos, distorted near or far vision, blurred near or far vision,
problems with night vision, double vision, and problems with color
perception) were reported as serious adverse events if they were
(in the opinion of the investigator and in conjunction with patient
questionnaire scores) incapacitating to the patient.

Logarithm of the minimum angle of resolution acuity charts
were used for VA testing, and results were obtained as logMAR
acuities (although the data in this article are shown as logMAR
acuities and/or their Snellen equivalents; Table 1 [available at
http://aaojournal.org]). For uncorrected distance VA and best-
corrected distance VA (BCDVA), patients were tested using the
100% contrast Early Treatment Diabetic Retinopathy Study chart
under photopic lighting conditions with an additional spherical add
power of �0.25 D to correct for optical infinity (the �0.25 D was
in place only for uncorrected VA testing, and BCDVA was ob-
tained with manifest refraction). Visual correction via manifest
refraction was applied to provide optimum distance vision.

Uncorrected near VA and distance-corrected near VA measure-

ments were obtained using a handheld near logMAR chart at a
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standard distance of 33 cm and at a distance the subject identified
as providing the best near vision (best distance). Best-corrected
near VA measurements were obtained using the handheld near
logMAR chart at a standard distance of 33 cm only. Because the
handheld near logMAR chart was designed for use at 40 cm, the
results obtained at other distances (standard distance or best dis-
tances) were converted to reflect the change in apparent letter size
that results from the change in distance.

In addition to the VA testing using the 100% contrast logMAR
charts, low contrast VA testing was also performed. Low contrast
VA testing included both 25% and 9% contrast logMAR charts
viewed at 4 m under photopic lighting conditions.

To assess the incidence and impact of visual phenomena such
as glare and halos, subjects were asked to rate the impact of any
observed phenomena. The subjects were specifically queried about
glare (trouble seeing street signs due to bright light or oncoming
headlights), halos (rings around lights), distorted near vision (straight
lines looking crooked close up), distorted far vision (straight lines
looking crooked at distance), blurred near or far vision, problems with
night vision, double vision with both eyes or with other (nonoperated
eye) closed, and problems with color perception. Patients rated the
effect of each phenomenon on a scale from 0 to 7, with 0 meaning not
observed; 1, easily tolerated; and 7, incapacitating. A rating of 1 to 2
was interpreted as mild, a rating of 3 to 5 was defined as moderate,
and a rating of 6 to 7 was defined as severe.

Results

One hundred twenty-seven patients were enrolled in the study and
underwent implantation with the AcrySof ReSTOR IOL in their
first eyes. Of the 127, there were 80 (63.0%) females and 47
(37.0%) males; 126 (99.2%) were white, and 1 (0.8%) was black.
One hundred nineteen patients underwent implantation in the
second eye with the study lens, 117 of whom were successfully
observed for 330 to 420 days after the first implant.

Clinical Results: Efficacy

All postoperative binocular (both eyes tested simultaneously) VA
results were obtained 120 to 180 days after the second AcrySof
ReSTOR IOL implant and are summarized in Table 2.

Distance Visual Acuity. Uncorrected Binocular. Among
the all-implanted population, 99.1% of patients (117/118 [the test
was not performed for 1 patient]) achieved uncorrected binocular
distance VA of 20/40 (0.34 logMAR) or better, and 83.9% (n �
99) achieved VA of 20/25 or better. Mean uncorrected binocular
distance VA was 0.04 logMAR (20/20) (n � 118).

Best-Corrected Binocular. All 118 patients (100%) who re-

Table 2. Visual Acuity Results, Binocular

Distance
Uncorrected—all implanted 0.
Best corrected—all implanted �0.

Near
Uncorrected at standard distance—all implanted 0.
Uncorrected at best distance—all implanted 0.
Distance corrected at standard distance—all implanted 0.
Distance corrected at best distance—all implanted 0.
Best corrected at standard distance—all implanted 0.
logMAR � logarithm of the minimum angle of resolution.
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ceived bilateral IOL implants achieved binocular BCDVA of
20/40 or better, and 97.5% (115/118) achieved 20/25 or better.
Mean BCDVA was �0.05 logMAR (better than 20/20). Best-
corrected distance VA for monocular vision after the first implant
and binocular vision after bilateral implants surpassed the FDA
grid rate of 92.5%. The AcrySof ReSTOR IOL was compared with
historical controls for BCDVA; historical controls for the other
testing parameters do not exist.

Low-Contrast Best Corrected. Of 123 patients tested 120 to
180 days after the first implant, monocular BCDVA was 0.34
logMAR (20/40) or better for 94.3% of patients (n � 116) at the
25% contrast level and for 59.3% of patients (n � 73) at the 9%
contrast level. Overall, a slight improvement was observed in
low-contrast distance VA when the second eye was tested 120 to
180 days after the second implant: 95.8% of patients (113/118)
scored 20/40 or better at the 25% contrast level, and 68.6%
(81/118) scored 20/40 or better at the 9% contrast level. Mean
values for monocular BCDVA for both the first and second im-
plants were 20/25 at 25% contrast levels and 20/40 at 9% contrast
levels.

Near Visual Acuity. Uncorrected Binocular. After implan-
tation of the second AcrySof ReSTOR IOL in 119 patients (testing
not performed in 1 subject), binocular uncorrected near VA at the
standard distance of 33 cm was 0.34 logMAR (20/40) or better for
97.5% of patients (n � 115) and 0.14 logMAR (20/25) or better for
66.9% of patients (n � 79). Similarly, when tested at best distance,
97.5% of patients (n � 115) achieved binocular uncorrected near
VA of 0.34 logMAR (20/40) or better, and 71.2% (n � 84)
achieved 0.14 logMAR (20/25) or better.

Distance-Corrected Binocular. The manifest refraction ob-
tained for BCDVA was applied during testing for distance-corrected
near VA. When tested at the standard distance of 33 cm, 98.3% of
patients (n � 116) in the all-implanted population achieved binoc-
ular distance-corrected near VA of 0.34 logMAR (20/40) or better,
and 83.9% of patients (n � 99) achieved 0.14 logMAR (20/25) or
better. When tested again at best distance, 98.3% of patients (n �
116) achieved near VA of 20/40 or better, and 80.5% (n � 95)
achieved 20/25 or better.

Best Corrected. For best-corrected near VA, the manifest
refraction obtained for BCDVA was applied during testing, and if
necessary, additional spherical add power up to �1.25 D was also
applied. At the standard distance of 33 cm, 99.2% of patients
(117/118) in the all-implanted population achieved binocular best-
corrected near VA of 0.34 logMAR (20/40) or better, and 84.7%
(n � 100) achieved 0.14 logMAR (20/25) or better.

Clinical Results: Safety
Safety data indicate few issues related to patient tolerance of the
AcrySof ReSTOR implant. Overall, 7 adverse events were re-

Eyes), 120–180 Days after the Operation

Mean 20/40 or Better 20/25 or Better

MAR (20/20) 117/118 (99.1%) 99/118 (83.9%)
MAR (�20/20) 118/118 (100%) 115/118 (97.5%)

MAR (20/25) 115/118 (97.5%) 79/118 (66.9%)
MAR (20/25) 115/118 (97.5%) 84/118 (71.2%)
MAR (20/25) 116/118 (98.3%) 99/118 (83.9%)
MAR (20/25) 116/118 (98.3%) 95/118 (80.5%)
MAR (20/25) 117/118 (99.2%) 100/118 (84.7%)
(Both

04 log
05 log

09 log
09 log
05 log
06 log
04 log
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ported in 7 subjects in the first or second eye (Table 3 [available at
http://aaojournal.org]). Of the 127 subjects implanted as part of the
clinical investigation, only 2 cases of secondary surgical intervention
for implant replacement were reported. One replacement was due to
visual disturbances. The other case was due to biometry error, em-
phasizing the importance of accurate biometry for optimal visual
outcomes. The other adverse events were typical for cataract surgery:
2 cases of CME, 1 case of flat macular edema, 1 case of macular
edema with fibrinous reaction, and 1 case of cystic maculopathy.

Quality-of-Life Results

Patients were asked to complete a questionnaire at the preoperative
visit, at 30 to 60 days after the first implant, and at 120 to 180 days
after the second implant to identify and rate the effects of various
issues. The questionnaire also allowed subjects to rate the level of
satisfaction with their vision as well as the impact visual perfor-
mance had on their lifestyle.

Self-Reported Rating of Satisfaction

The questionnaires allowed patients to indicate whether they
would choose to implant the identical lens model again. Ninety-
two percent (103/112) stated that they would choose to have the
same lens implanted again after the first eye implant, and 95.7%
(112/117) answered the same way after the second eye implant.

Visual Phenomena

For glare at 120 to 180 days after the second implant, of the 118
patients who answered the question 8.5% (n � 10) rated their
observation as severe in effect, 24.6% (n � 29) rated it as mod-
erate, and 66.9% (n � 79) rated it as none or mild. Halos were
reported as severe by 4.2% of patients, moderate by 16.1%, and
absent or mild by 79.7% of patients. Table 4 summarizes the
photic phenomena experienced in the all-implanted population 120
to 180 days after the second IOL surgery.

Apart from halos (which slightly increased), the mean rating of
the visual disturbances decreased after second eye implantation

Table 4. Photic Phenomena in the All-Implanted Population:
120–180 Days after Second Intraocular Lens Surgery

Photic
Phenomenon n

None or
Mild

(0, 1, and 2)
(%)

Moderate
(3, 4, and 5)

(%)

Severe
(6 and 7)

(%)

Glare 118 66.9 24.6 8.5*
Problems with night

vision
117 88.9 8.5 2.6

Problems with color
perception

118 99.2 0.8 0.0

Halos 118 79.7 16.1 4.2
Distorted near

vision
117 96.6 1.7 1.7

Distorted far vision 118 98.3 1.7 0.0
Blurred near vision 118 90.7 7.6 1.7
Blurred far vision 118 90.7 7.6 1.7
Double vision with

both eyes
118 94.9 3.4 1.7

*When data from subjects of this study are combined with the results of
subjects from a similar study conducted in the United States, the incidence
of severe glare reduces to 4.9% (AcrySof ReSTOR package insert).
compared with assessment after first eye implantation.
Frequency of Spectacle Wear

Frequency of spectacle wear was measured on a 3-point categor-
ical scale: always, sometimes, or never. Preoperatively, 93.5% of
patients (116/124) reported that they sometimes or always wore
spectacles, and 6.5% (8/124) reported that they never wore spec-
tacles. Three patients did not complete the preoperative assess-
ments. At 30 to 60 days postoperatively after the first surgery,
significantly more patients reported that they never wore specta-
cles (43.9% [50/114]). At 120 to 180 days postoperatively after the
second surgery, 74.4% of patients (87/117) reported that they
never wore spectacles.

Spectacle Dependency for Distance Vision

Spectacle dependency for distance vision was measured on a
5-point scale: all of the time, most of the time, half of the time,
some of the time, and none of the time. Preoperatively, 26.6% of
patients (33/124) reported that they did not wear distance vision
spectacles any of the time, compared with 73.7% (84/114) at 30 to
60 days postoperatively after the first surgery and 88% (103/117)
at 120 to 180 days after second eye surgery (Table 5).

Spectacle Dependency for Near Vision

Preoperative full independence from spectacle wear was 18.5%
(23/124), compared with 49.1% (56/114) at 30 to 60 days after the

Table 6. Spectacle Dependency for Near Vision in the
All-Implanted Population

How Often Do You
Wear Glasses for Seeing
Objects Close at Hand?

At 30–60 Days
after First IOL

Surgery

At 120–180
Days after

Second IOL
Surgery

n % n %

None of the time 56 49.1 99 84.6
Some of the time 27 23.7 14 12.0
Half of the time 2 1.8 0 0.0
Most of the time 4 3.5 2 1.7
All of the time 25 21.9 2 1.7
Total 114 100.0 117 100.0

Table 5. Spectacle Dependency for Distance Vision in the
All-Implanted Population

How Often Do You
Wear Glasses for Seeing
Objects at a Distance?

At 30–60 Days
after First IOL

Surgery

At 120–180
Days after

Second IOL
Surgery

n % n %

None of the time 84 73.7 103 88.0
Some of the time 8 7.0 3 2.6
Half of the time 4 3.5 1 0.9
Most of the time 3 2.6 4 3.4
All of the time 15 13.2 6 5.1
Total 114 100.0 117 100.0

IOL � intraocular lens.
IOL � intraocular lens.
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first surgery postoperatively and 84.6% (99/117) at 120 to 180
days after the second surgery (Table 6).

Self-Reported Vision Rating without Spectacles
Preoperatively, the mean self-reported vision rating without spec-
tacles (on a scale of 0–10) was 4.6�1.7. The mean self-reported
rating without spectacles rose to 6.8�1.7 at 30 to 60 days after the
first surgery and to 8.6�1.3 at 120 to 180 days after the second
surgery. This result suggests that the overall subject rating for
vision without spectacles noticeably improves after unilateral sur-
gery, and this improvement is enhanced further after bilateral
surgery.

Discussion

Multifocal IOLs are designed to provide functional distance
and near vision after cataract surgery. As basically 2 differ-
ent types of multifocal technology exist (diffractive and
refractive), the difference between these lenses is discussed.
A theoretical study on model eyes showed that diffractive
multifocal IOLs are superior to refractive multifocal IOLs
for near vision, whereas for distance vision they are
comparable.24 Clinical studies also confirm the superior-
ity of the diffractive over the refractive principle for near
vision3,9,14,25–27 and have shown that refractive multifocal
IOLs are significantly more pupil dependent.26,28–30 A pupil
diameter of �4.5 mm cannot provide useful near VA.28

Therefore, mean pupillary size in a normal cataract popu-
lation needs to be considered.

When evaluating a multifocal IOL, intermediate vision
also needs to be evaluated. A study by Weghaupt et al25

showed that results for distance and near VAs are very
satisfactory with a diffractive multifocal IOL, whereas for
intermediate distances VA may be limited to activities that
do not require optimal vision. In the current study, excellent
results for far and near VAs were found for the apodized
diffractive IOL model MA60D3, whereas intermediate dis-
tance vision was not tested. However, results of the
MA60D3 United States study (package insert for AcrySof
ReSTOR IOL apodized diffractive IOL) indicate that inter-
mediate VA is clinically satisfactory (approximately 20/40),
with excellent results (approximately 20/20) for near and far
VAs.

In addition to distance and near VAs, other factors con-
tribute to functional vision; therefore, multiple variables are
used to establish efficacy.

Low-Contrast Acuity

With any multifocal IOL, the division of incoming light to
more than one focus must physically produce retinal images
of reduced contrast. Data published by Post4 show a de-
crease in contrast sensitivity/acuity at the limits of contrast
and resolution (4% contrast level) with a diffractive multi-
focal IOL (3M, Minneapolis, MN) compared with a mono-
focal IOL. These clinical findings by Post were not manifest
in patient awareness. The results of the current study are
consistent with Post’s findings: low-contrast acuity was

poorer than high-contrast VA, and patients did not actively
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report an inconvenience caused by reduced contrast percep-
tion. Also, data from an FDA study about a diffractive
multifocal IOL (3M) show a small contrast sensitivity loss
that was considered clinically insignificant.31

Visual Phenomena/Glare/Halo/Patient Satisfaction

In various studies evaluating diffractive6,32,33 and/or refrac-
tive34–36 multifocal IOLs, visual phenomena, mainly glare
and halos, have been proven to be increased relative to
monofocal IOLs; however, rates of self-reported patient
satisfaction remain high with simultaneous vision IOLs.
The results of the subjective questionnaire on perceived
optic phenomena and quality of life in this study of the
AcrySof ReSTOR IOL MA60D3 demonstrated lower rates
of visual symptoms in comparison to published values from
multifocal studies, and high rates of patient satisfaction
consistent with other studies.3,27,34,37

Refractive Intraocular Lenses

Steinert et al observed statistically significant differences
in rating of visual symptoms reported by subjects im-
planted with a zonal–progressive multifocal IOL (Array,
Advanced Medical Optics, Inc., Santa Ana, CA) in com-
parison to the monofocal control.3 Difficulties with halos,
glare/flare, and blurred far vision were reported most fre-
quently, and at higher proportions in the zonal multifocal
IOL subjects than in the monofocal subjects. Regarding
reports of severe difficulties, 10.5% (n � 95) of zonal–
progressive IOL subjects reported severe difficulties with
glare/flare, 15.3% (n � 98) with halos, and 4% with blurred
far vision.3 Javitt and Steinert also reported a statistically
significant (P�0.0001) higher degree of bother with glare,
halos, or rings around lights for the multifocal Array IOL
subjects versus monofocal IOL subjects.34 In comparison,
lower proportions of these visual symptoms were reported
as severe by the ReSTOR IOL subjects in this study, as
evidenced by 8.5% (10/118) for glare/flare, 4.2% (5/118) for
halos, and 1.7% (2/118) for blurred far vision. In addition,
with respect to glare and flare, when data from subjects of
this study are combined with those of a similar study con-
ducted in the U.S. only 4.9% (n � 440) of subjects rate
the occurrence as severe (AcrySof ReSTOR IOL package
insert).

Conversely, glare and halos have been reported not to
differ statistically significantly between a monofocal IOL
and a zonal–progressive multifocal IOL, whereas corneal
irregularities, astigmatism � 1 D, and age over 70 years
were found to be highly correlated with visual phenomena,
although not clinically significant.35 In Pieh et al’s study,
halos were detected in all (24) patients with a refractive
multifocal IOL under clinical setting conditions, and 23
patients reported seeing halos at night, whereas only 1
patient was disturbed by this phenomenon.36 Patients re-
ceiving refractive multifocal IOLs (Array) were more likely
to report halos, although their overall visual function and
satisfaction were rated higher than those in the monofocal

control group.34
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Diffractive Intraocular Lenses

In a trial about patient satisfaction after implantation of a
diffractive IOL (Pharmacia 811E), patients scored glare and
halos on a subjective scale, resulting in very low values.38

Visual phenomena have been reported to be more severe
with diffractive IOLs than with monofocal IOLs, but not
leading to less patient satisfaction.6 No difference in glare
sensitivity and color perception after monocular implanta-
tion of a diffractive IOL (3M) and monofocal IOL implan-
tation in the fellow eye could be found in Ruther et al’s
study.33 Glare and contrast sensitivity were found to be
increased and decreased, respectively, in subjects with dif-
fractive versus monofocal IOLs, with no clinical signifi-
cance to these results.32

In the current study, variables included distance VA
(uncorrected, best corrected, and contrast) and near VA
(uncorrected, distance corrected, and best corrected). We
found that the AcrySof ReSTOR IOL was effective in each
VA parameter, illustrating the ability of the lens to provide
a range of focus that allows patients to achieve clear (20/40
or better) near and distance vision.

The AcrySof ReSTOR IOL provided clear vision, with a
low incidence of severe visual disturbances. Rates of postop-
erative complications did not differ from those expected after
an intraocular surgical procedure, and compared optimally to
the FDA historical control grid; however, a larger sample size
is necessary to detect rare but potentially important events that
might occur less frequently. The favorable performance and
safety profile of the AcrySof ReSTOR IOL, compared with
other multifocal IOLs, might be attributed to the sophisticated
technology it employs, apodization, which renders to the dif-
fractive portion of the optic gradual decreases in step height
and spacing, allowing for a smooth transition of the distribu-
tion of light energy between distance and near focal points
(Fig 2). This creates a blend of near and distance vision,
reducing the potential for glare, halos, and other visual
disturbances. The data from the current study support the
benefits of this design approach.

In addition to illustrating the effectiveness of the AcrySof
ReSTOR IOL, mean low-contrast distance VA improved
during binocular testing, compared with monocular testing,
providing evidence that binocular implantation is beneficial
for the patient.

Figure 2. Relative light energy distribution of the ReSTOR lens as a
function of pupil size. From Davison JA, Simpson MJ. History and devel-
opment of the apodized diffractive intraocular lens. J Cataract Refract

Surg. In press.
Investigation of key end points such as intermediate VA,
VA as a function of pupil size, and contrast sensitivity were
not included in this clinical trial; however, they were further
explored in the U.S. clinical investigation (Alcon Research,
data on file) upon recognition of the increase in clinical
interest and relevance in these parameters. The ReSTOR
IOL performed well in key objective and subjective end
points and in the evaluation of these additional parameters
relative to functionality.

Our study found that patients were satisfied with their IOL
performance, and most would have the AcrySof ReSTOR
implanted again. Frequency of spectacle wear was greatly
reduced for both distance and near vision, with patients
having rated their vision without spectacles to be noticeably
better after each successive surgery. These findings suggest
that the AcrySof ReSTOR IOL can provide enhanced qual-
ity of life for active patients who wish to reduce their
dependency on spectacles. This technology offers surgeons
a feasible way of meeting patient expectations of an en-
hanced lifestyle as a result of reduced spectacle dependence.

References

1. Simpson MJ. The diffractive multifocal intraocular lens. Eur J
Implant Refract Surg 1989;1:115–21.

2. Steinert RF, Post CT Jr, Brint SF, et al. A prospective, ran-
domized, double-masked comparison of a zonal-progressive
multifocal intraocular lens and a monofocal intraocular lens.
Ophthalmology 1992;99:853–60.

3. Steinert RF, Aker BL, Trentacost DJ, et al. A prospective
comparative study of the AMO ARRAY zonal-progressive
multifocal silicone intraocular lens and a monofocal intraoc-
ular lens. Ophthalmology 1999;106:1243–55.

4. Post CT Jr. Comparison of depth of focus and low-contrast
acuities for monofocal versus multifocal intraocular lens pa-
tients at 1 year. Ophthalmology 1992;99:1658–63.

5. Lindstrom RL. Multifocal and bifocal implants. Curr Opin
Ophthalmol 1993;4:3–9.

6. Rossetti L, Carraro F, Rovati M, Orzalesi N. Performance of
diffractive multifocal intraocular lenses in extracapsular cata-
ract surgery. J Cataract Refract Surg 1994;20:124–8.

7. Vaquero M, Encinas JL, Jimenez F. Visual function with
monofocal versus multifocal IOLs. J Cataract Refract Surg
1996;22:1222–5.

8. Javitt JC, Wang F, Trentacost DJ, et al. Outcomes of cataract
extraction with multifocal intraocular lens implantation: func-
tional status and quality of life. Ophthalmology 1997;104:
589–99.

9. Walkow T, Liekfeld A, Anders N, et al. A prospective eval-
uation of a diffractive versus a refractive designed multifocal
intraocular lens. Ophthalmology 1997;104:1380–6.

10. Holladay JT, Van Dijk H, Lang A, et al. Optical performance
of multifocal intraocular lenses. J Cataract Refract Surg 1990;
16:413–22.

11. Akutsu H, Legge GE, Showalter M, et al. Contrast sensitivity
and reading through multifocal intraocular lenses. Arch Oph-
thalmol 1992;110:1076–80.

12. Akutsu H, Legge GE, Luebker A, et al. Multifocal intraocular
lenses and glare. Optom Vis Sci 1993;70:487–95.

13. Liekfeld A, Pham DT, Wollensak J. Functional results in bilateral
implantation of a foldable refractive multifocal posterior chamber

lens. Klin Monatsbl Augenheilkd 1995;207:283–6.

583



Ophthalmology Volume 113, Number 4, April 2006
14. Weghaupt H, Pieh S, Skorpik C. Visual properties of the
foldable Array multifocal intraocular lens. J Cataract Refract
Surg 1996;22(suppl 2):1313–7.

15. Wallace RB 3rd. Multifocal vision after cataract surgery. Curr
Opin Ophthalmol 1998;9:66–70.

16. Apple DJ, Peng Q, Visessook N, et al. Eradication of posterior
capsule opacification. Documentation of a marked decrease in
Nd:YAG laser posterior capsulotomy rates noted in an anal-
ysis of 5416 pseudophakic human eyes obtained postmortem.
Ophthalmology 2001;108:505–18.

17. Hollick EJ, Spalton DJ, Ursell PG, Pande MV. Biocompat-
ibility of poly(methylmethacrylate), silicone, and ACRYSOF
introcular lenses: Randomized comparison of the cellular re-
action on the anterior lens surface. J Cataract Refract Surg
1998;24:361–6.

18. Kohnen T, Lambert RJ, Koch DD. Incision sizes for foldable
intraocular lenses. Ophthalmology 1997;104:1277–86.

19. Kohnen T, Kasper T. Incision sizes before and after implan-
tation of foldable intraocular lenses with 6 mm optic using
Monarch and Unfolder injector systems. Ophthalmology 2005;
112:58–66.

20. Shoji N, Shimizu K. Clinical evaluation of a 5.5 mm three-
zone refractive multifocal intraocular lens. J Cataract Refract
Surg 1996;22:1097–101.

21. Breitkopf J, Eisenmann D, Jacobi FK. Contrast vision and con-
trast sensitivity after binocular implantation of multifocal or
monofocal intraocular lenses. Ophthalmologe 1997;94:519–22.

22. Arens B, Freudenthaler N, Quentin CD. Binocular function
after bilateral implantation of monofocal and refractive mul-
tifocal intraocular lenses. J Cataract Refract Surg 1999;25:
399–404.

23. Jacobi FK, Kammann J, Jacobi KW, et al. Bilateral implanta-
tion of asymmetrical diffractive multifocal intraocular lenses.
Arch Ophthalmol 1999;117:17–23.

24. Pieh S, Marvan P, Lackner B, et al. Quantitative performance
of bifocal and multifocal intraocular lenses in a model eye:
point spread function in multifocal intraocular lenses. Arch
Ophthalmol 2002;120:23–8.

25. Weghaupt H, Pieh S, Skorpik C. Comparison of pseudoac-
commodation and visual quality between a diffractive and
refractive multifocal intraocular lens. J Cataract Refract Surg
1998;24:663–5.

26. Knorz MC. Vision with bifocal intraocular lens. German J
Ophthalmol 1993;2:32–41.

27. Steinert RF. Visual outcomes with multifocal intraocular
lenses. Curr Opin Ophthalmol 2000;11:12–21.

28. Hayashi K, Hayashi H, Nakao F, et al. Correlation between
pupillary size and intraocular lens decentration and visual
acuity of a zonal-progressive multifocal lens and a monofocal
lens. Ophthalmology 2001;108:2011–7.
29. Koch DD, Samuelson SW, Villarreal R, et al. Changes in pupil

584
size induced by phacoemulsification and posterior chamber
lens implantation: consequences for multifocal lenses. J
Cataract Refract Surg 1996;22:579–84.

30. Koch DD, Samuelson SW, Haft EA, et al. Pupillary size and
responsiveness: implications for selection of a bifocal intraoc-
ular lens. Ophthalmology 1991;98:1030–5.

31. Lindstrom RL. Food and Drug Administration study update.
One-year results from 671 patients with the 3M multifocal
intraocular lens. Ophthalmology 1993;100:91–7.

32. Nowak MR, Strobel J, Jacobi F. Glare and contrast with
diffraction intraocular lenses [in German]. Fortschr Ophthal-
mol 1991;88:125–7.

33. Ruther K, Eisenmann D, Zrenner E, et al. Effect of diffractive
multi-focal lenses on contrast vision, glare sensitivity and
color vision [in German]. Klin Monatsbl Augenheilkd 1994;
204:14–9.

34. Javitt JC, Steinert RF. Cataract extraction with multifocal
intraocular lens implantation: a multinational clinical trial
evaluating clinical, functional, and quality-of-life outcomes.
Ophthalmology 2000;107:2040–8.

35. Dick HB, Krummenauer F, Schwenn O, et al. Objective and
subjective evaluation of photic phenomena after monofocal
and multifocal intraocular lens implantation. Ophthalmology
1999;106:1878–86.

36. Pieh S, Lackner B, Hanselmayer G, et al. Halo size under
distance and near conditions in refractive multifocal intraoc-
ular lenses. Br J Ophthalmol 2001;85:816–21.

37. Gimbel HV, Sanders DR, Raanan MG. Visual and refractive
results of multifocal intraocular lenses. Ophthalmology 1991;
98:881–8.

38. Walkow L, Klemen UM. Patient satisfaction after implanta-
tion of diffractive designed multifocal intraocular lenses in
dependence on objective parameters. Graefes Arch Clin Exp
Ophthalmol 2001;239:683–7.

Main Collaborators of This European Study

Petra Helg, MD, Veronika Ungemach, MD (Augen-Centrum
Aachen, Aachen, Germany); Anja Liekfeld, MD (Charite und
Virchow Klinikum, Augenklinikum der medizinischen
Fakultät der Humboldt Universität Berlin, Germany); Alireza
Mirshahi, MD, Evdoxia Terzi, MD (Department of Ophthal-
mology, Johann Wolfgang Goethe-University, Frankfurt am
Main, Germany); Kaveri Mandal, MD, Susan Bovill, BScN
(Sunderland Eye Hospital, Sunderland, United Kingdom); Al-
exandra Bourdin, OD (Clinique Monticelli, Marseille, France);
Luigi Fontana, MD (Department of Ophthalmology, Ospedale

Maggiore di Bologna, Bologna, Italy).



Kohnen et al � AcrySof ReSTOR in a European Trial
Table 1. Logarithm of the Minimum Angle of Resolution
(logMAR) Visual Acuity and Snellen Equivalent

logMAR Snellen

�0.04 20/20 or better
0.05–0.14 20/25
0.15–0.24 20/30
0.25–0.34 20/40
0.35–0.44 20/50
0.45–0.54 20/60
0.55–0.64 20/80
�0.65 Worse than 20/80
Table 3. Adverse Event (AE) Incidence Rates

AE

MA60D3

ISO/FDA
Grid AE
Rate (%)

First Eye
(n � 127)

Second Eye
(n � 119)

n % n %

Cumulative hypopyon 0 0 0 0 0.3
Cumulative intraocular infection/endophthalmitis 0 0 0 0 0.1
Cumulative macular edema 2 1.6 2 1.7 3.0
Cumulative cystic maculopathy 1 0.8 0 0 NA
Cumulative pupillary block 0 0 0 0 0.1
Cumulative retinal detachment/retinal detachment repair 0 0 0 0 0.3
Cumulative lens dislocation 0 0 0 0 0.1
Cumulative secondary surgical intervention (IOL replacement) 2 1.6 0 0 0.8
Cumulative hyphema 0 0 0 0 2.2
Persistent corneal edema 0 0 0 0 0.3
Persistent iritis 0 0 0 0 0.3
Persistent raised IOP requiring treatment 0 0 0 0 0.4

FDA � Food and Drug Administration; IOL � intraocular lens; IOP � intraocular pressure; ISO � International Organization for Standardization;

NA � not applicable.
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