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PURPOSE: To evaluate the efficacy, stability, predictability, and patient-reported outcomes of bilat-
eral toric intraocular lens (IOL) implantation in cases of cataract with preexisting astigmatism.

SETTING: Fourteen universities, hospitals, or private practices, Canada.

METHODS: Patients with cataracts and corneal astigmatism from 1.00 to 2.50 diopters (D) were
included in a prospective study of bilateral AcrySof toric IOL implantation. Binocular uncorrected
distance visual acuity (UDVA), manifest refraction, and IOL rotational stability were assessed 1
day and 1, 3, and 6 months postoperatively. Patients completed a questionnaire that assessed spec-
tacle independence, visual disturbances, and satisfaction with vision (1 Z completely unsatisfied;
10 Z completely satisfied) preoperatively and 3 and 6 months postoperatively.

RESULTS: The study included 117 patients (234 eyes). The binocular UDVA was 20/40 or better in
99% of patients and 20/20 or better in 63% of patients. The mean residual refractive astigmatism
was 0.4 D G 0.4 (SD). The spherical equivalent was within G0.5 D of target in 77% of eyes. At last
observation, IOL alignment was within G5 degrees in 91% of eyes and within G10 degrees in 99%.
Sixty-nine percent of patients reported never using distance spectacles. The frequency and severity
of halos and glare were significantly reduced from preoperatively to postoperatively. Satisfaction
with vision was rated 7 or higher by 94% of patients.

CONCLUSION: Bilateral implantation of toric IOLs yielded excellent and stable visual outcomes that
patients rated as highly satisfactory.
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mentioned. Additional disclosures are found in the footnotes.
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Many cataractous eyes have some amount of clini-
cally significant astigmatism.1 In a definitive biometry
study of 7500 cataractous eyes,1 corneal astigmatism
of 0.75 to 1.50 diopters (D) was observed in 41% of
patients and of more than 1.50 D in 18% of patients.
Implantation of toric intraocular lenses (IOLs) is an
option to compensate for corneal astigmatism in cata-
ract patients. An important criterion for evaluating to-
ric IOLs is their rotational stability because alignment
is critical in compensating for corneal cylinder and
thus producing good uncorrected distance visual
acuity (UDVA). Each degree of rotation causes an av-
erage loss of cylinder power of approximately 3%;
thus, when an IOL rotates 30 degrees there is no
astigmatic correction, although there is a change of
axis.2,3
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With the AcrySof toric IOL (Alcon, Inc.), alignment
was within G5 degrees in 78% of eyes in clinical trials
(product information,Alcon, Inc., 2005) andwaswithin
G5 degrees in 77% to 95% of eyes in recent studies.4–6

This toric IOL has not been widely studied bilaterally.
The original clinical trials were based on unilateral
implantation, and recent reports are limited to 10 to
15 patients with bilateral implantation.4,5,7 Moreover,
patient-reported experiences, such as spectacle use, sat-
isfaction, and visual disturbances, were not reported in
these studies. The purpose of this studywas to evaluate
the objective visual outcomes and subjective visual ex-
periences of a large group of cataract patients bilater-
ally implanted with AcrySof toric IOLs to evaluate the
utility of bilateral implantation as a strategy for correc-
tion of astigmatism at the time of cataract surgery.
0886-3350/10/$dsee front matter 609
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610 VISUAL FUNCTION WITH BILATERAL TORIC IOLS
PATIENTS AND METHODS
Patient Enrollment and Baseline
Physician members of the Canadian Toric Study
Group, a multicenter affiliation of 14 surgeons, pro-
spectively enrolled patients who were at least 21 years
old and had age-related cataract in both eyes. In accor-
dance with the Declaration of Helsinki, each patient
provided consent. An institutional review board
approved the study.

Eligibility criteria included eyes requiring 10.00 to
30.00 D spherical IOL correction with preoperative
regular corneal astigmatism from 1.00 to 2.50 D. Exclu-
sion criteria were characteristics that could compro-
mise visual outcomes, such as irregular astigmatism,
corneal abnormalities, corneal edema, corneal dystro-
phy, previous corneal reshaping, medically uncon-
trolled glaucoma, and the presence or a history of
a defined list of other eye diseases, disorders, or
inflammation.
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Preoperative Assessment
At the preoperative assessment, patients completed
a structured 11-item questionnaire about satisfaction
with their vision, spectacle use, and visual disturbances
(halos andglare). The questionnairewas not a validated
instrument. The 5 questions to assess spectacle usewere
based on the structure of similar questions in the vali-
dated Cataract TyPE Instrument8 and on the structure
of questions in clinical trials of toric and multifocal
IOLs (AcrySof Toric Single-Piece Natural IOL Product
Information, 2005, and AcrySof IQ ReSTOR Multifocal
IOL Physician Labeling, 2009, Alcon, Inc., Fort Worth,
Texas). The first question was ‘‘How often do you
wear spectacles?’’ Response options were always,
sometimes, or never. The second questionwas ‘‘Specify
the frequency with which you have needed glasses for
seeing distance objects or distance activities,’’ with re-
sponse options as follows: never, rarely, occasionally,
often, or always. Three other questions assessed the pa-
tient’s use of spectacles for distance vision during the
day, at night, and indoors. Four questions assessed
the patient’s experience of halos and glare in terms of
their frequency (never, rarely, occasionally, often, or
always) and severity (none, mild, moderate, or severe).
One question assessed the type of vision correction (eg,
bifocals, trifocals, reading glasses). The final question
assessed patient satisfaction with vision on a scale of 1
(completely unsatisfied) to 10 (completely satisfied).

The UDVA and corrected distance visual acuity
(CDVA) were tested monocularly and binocularly us-
ing logMAR charts. Manifest refraction was measured
using a phoropter. Axial length was measured using
the IOLMaster partial coherence interferometry (PCI)
biometer (Carl Zeiss Meditec AG), applanation ultra-
sound, or immersion ultrasound. Keratometry was
most often measured automatically (by PCI biometry
or autokeratometry), although manual keratometry
was allowed. Corneal topography was optional. In
cases in which corneal topography was not available,
irregular astigmatism was ruled out by examining
the ophthalmic history or by comparing refractive
astigmatism against corneal astigmatism. Irregular
astigmatism was suspected in patients who had
a pre-cataract eye examination that showed no corneal
pathology and no amblyopia but showed that distance
vision could not be spectacle corrected to at least 20/20
Snellen; these eyes were excluded from the study. Al-
ternatively, irregular astigmatism was ruled out by
eliminating any eye with suspiciously high keratome-
try (K) readings (O47.00 D) and then eliminating any
eye with corneal astigmatism that did not match the
refractive astigmatism. When data were available
from PCI biometry and autokeratometry, an eye could
be excluded from the study if the K values from both
- VOL 36, APRIL 2010
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611VISUAL FUNCTION WITH BILATERAL TORIC IOLS
instruments did not match within G5 degrees (de-
sired) or within G10 degrees (absolute limit).

For each eye, the relevant preoperative assessment
parameters, including flat and steep K values and the
axis of each,were entered into an online toric IOL calcu-
lator (Available at: http://www.acrysoftoriccalculator.
com. Accessed December 7, 2009) to determine the axis
placement of the IOL and the appropriate IOL model.
Table 1 shows the toric IOL models used in the study.
The calculator has a default value for surgically in-
duced astigmatism (SIA) of 0.50 D, which is typical
for surgeons using incision sizes in the 2.4 mm range.9

However, surgeons in this study who knew their own
SIA value could enter that value instead of the default.
The calculator also requires surgeons to choose the
axis location of the incision, allowing manipulation
of SIA to yield the lowest residual cylinder.9 No
deviation from the IOL model and orientation specifi-
cations yielded by the calculator was allowed.
Surgical Technique
The first surgeries in the study were performed in
September 2006. Most patients in this study were
among the first cases of AcrySof toric IOL implanta-
tion for each surgeon. Methodology used with early
patients could be modified as surgeons gained experi-
ence with the toric IOL. This included refinements of
axis-marking techniques.

Marking techniques varied by surgeon but had sim-
ilarities. Preoperatively, initial markings were made
with the patient sitting up to avoid cyclorotation.
The eye could be marked at 0 degrees and 180 degrees
using an instrument such as a Bakewell BubbleLevel
(Mastel, Inc.) or a Nuijts/Lane Toric Reference Marker
(American Surgical Instruments Corp.). During sur-
gery, these reference marks were used to determine
the desired axis of IOL orientation, which then was
marked using an instrument such as a Bores Meridian
(Axis) marker with a Gimbel/Mendez ring (Mastel,
Inc.) or a Mendez ring with a Nuijts toric axis (Amer-
ican Surgical Instruments Corp.). Alternatively, the
eye could be preoperatively marked (at 0 degrees
and 180 degrees or at desired alignment angle) while
Table 1. AcrySof toric intraocular lens (IOL) models.

Cylinder Power (D)

Model
At IOL
Plane

At Corneal
Plane

Recommended Corneal
Astigmatism Correction (D)

SN60T3 1.50 1.03 0.75–1.50
SN60T4 2.25 1.55 1.50–2.00
SN60T5 3.00 2.06 2.00–2.50

IOL Z intraocular lens
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using a slitlamp, which could be equipped with an an-
gle-measuring reticule eyepiece (Haag-Streit AG).3

Some surgeons began their case series using hand in-
struments and later found that marking the eye while
using a slitlamp produced better results. Depending
on methodology, marking could be performed with
dye, ink, or a needle (used to puncture a perilimbal
vessel or to create a superficial epithelial abrasion).

Surgeons could operate temporally or could place the
incisionon the steepestaxisofastigmatism.The IOLwas
placed in the capsular bagusing theMonarch IIDelivery
System with the B or C cartridge (Alcon, Inc.). Gross
alignment (within 20 to 30 degrees of desired axis)
was performed by rotating the IOL clockwise while it
was unfolding. The ophthalmic viscosurgical device
was gently removed from behind the IOL before the to-
ric IOL was moved clockwise into final axis alignment.
No limbal relaxing incisions or any other surgical proce-
dureswereallowed.Surgeryon the secondeye followed
7 to 30 days after surgery on the first eye. Postoperative
management followed each surgeon’s standard of care
and could be tailored to the needs of each patient at
the 1-day postoperative assessment.
Postoperative Assessment
Initial postoperative examinations were performed
1 day after implantation of each IOL. All subsequent
postoperative examinations were designated from
the date of the second IOL implantation: 1 month
(G7 days), 3 months (G14 days), and 6 months
(G30 days). At every postoperative examination, toric
IOL orientation was determined by examining the eye
at the slitlamp and noting the IOL axis, designated by 6
laser marks on the optic of the IOL. Manifest refraction
andmonocular and binocular UDVA and CDVAwere
assessed at 1, 3, and 6months. The subjective question-
naires were distributed at 3 and 6 months.
Statistical Analysis
Data were analyzed using Excel 2002 software
(Microsoft Corp.) and the StatSoft statistical data analy-
sis software system (version 8.0, StatSoft, Inc.). The Stu-
dent t test was used for parametric variables and a chi-
square test for categorical variables. All results are pre-
sented as the mean G SD unless otherwise noted.

RESULTS
Patients
The physicians enrolled 120 patients (240 eyes). The
mean age of the 41men (34.2%) and 79 women (65.8%)
was 68 G 11 years. Ethnicity demographics were
available for 108 patients (90.0%) and were as follows:
74.1% white, 22.2% Asian, and 3.7% other. The mean
preoperative corneal astigmatism was 1.7 G 0.4 D;
- VOL 36, APRIL 2010
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612 VISUAL FUNCTION WITH BILATERAL TORIC IOLS
astigmatism was confirmed as regular by corneal to-
pography in 204 eyes (85.0%). Astigmatism was
against the rule (ATR) in 88 eyes (37.6%), oblique in
11 eyes (4.7%), and with the rule (WTR) in 141 eyes
(60.3%).
Follow-up
Three patients declined to have an IOL implanted in
the second eye or did not return for the second sur-
gery. Of these patients, 1 was lost to all follow-up visits
and the other 2 returned for postoperative visits at 3
months, 6 months, or both. The spherical equivalent
(SE) in the operative eyes of these 2 patients was
�0.125 D and �0.250 D; they rated their satisfaction
as 6 and 9, respectively. Unilateral results are excluded
from all subsequent sections of this paper.

Of the 117 patients with bilateral IOLs, all attended
the follow-up 1 day after the first IOL implantation
and 114 attended 1 day after the second IOL implanta-
tion; 115 attended the 1-month follow-up, 99 attended
the 3-month follow-up, and 89 attended the 6-month
follow-up. At the postoperative visits, not all patients
received every ophthalmic assessment metric (eg,
1 site may have assessed visual acuity but not IOL
axis). Questionnaires were completed by 78 patients
preoperatively, 89 patients 3 months postoperatively,
and 78 patients at 6months. No preoperative question-
naires were on file for at least 1 patient to as many as
11 patients at each site; the mean number of question-
naires missing per site was 4 G 3. The questionnaires
were missing because they were not distributed to or
were not returned by patients.
Surgical Parameters
Of the 233 eyes of bilateral patients with model
numbers noted in the case files, 90 (38.6%) had implan-
tation of a model SN60T3 IOL, 94 (40.3%) of a model
SN60T4 IOL, and 49 (21.0%) of a model SN60T5 IOL.
The mean incision size was 2.9 G 0.2 mm (range 2.2
to 3.2 mm). The target SE was noted for 192 eyes. Of
those, the target was emmetropia in 146 eyes (76.0%)
and was within G0.50 D of emmetropia in 187 eyes
(97.4%). No eye had a target less than �1.00 D.

Of patients whose files had notes regarding eye-
drops 1 day postoperatively, the most common
prescription was a combination of moxifloxacin, diclo-
fenac, and dexamethasone 2 to 4 times a day. No
serious complications were noted in the surgical files
or in the 1-day postoperative files, although corneal
edema was noted in 7 eyes.
Refractive and Corneal Astigmatism
Figure 1.Magnitude of astigmatism in 164 eyes preoperatively and 6
months postoperatively.
Figure 1 shows the 6-month postoperative residual
refractive astigmatism and the preoperative corneal
J CATARACT REFRACT SURG
astigmatism in 164 eyes. At 6 months, 148 eyes
(90.2%) had 1.00 D or less of refractive astigmatism,
140 eyes (85.4%) had 0.75 D or less, 116 eyes (70.7%)
had 0.50 D or less, and 75 eyes (45.7%) had 0.25 D or
less. The mean residual refractive astigmatism was
0.4 G 0.4 D, which was statistically significantly lower
than preoperative corneal values (P!.001, paired t
test). The mean reduction in astigmatism was 70% G
30% in eyes with a model SN60T3 IOL, leaving
a mean residual astigmatism of 0.4 G 0.4 D; 70% G
20% in eyes with a model SN60T4 IOL, leaving
a mean residual astigmatism of 0.4 G 0.4 D; and 70%
G 30% in eyes with a model SN60T5 IOL, leaving
a mean residual astigmatism of 0.5 G 0.5 D.

No eyes had an increase in cylinder (preoperative
cylinder to 6-month postoperative refraction). How-
ever, 2 eyes with a model SN60T3 IOL had no appar-
ent reduction in cylinder. Both eyes had 1.25 D of
corneal cylinder preoperatively and 1.25 D of refrac-
tive cylinder 6 months postoperatively. The residual
cylinder was not the result of IOL rotation, which
was within G7 degrees from the operative axis in
both eyes at all postoperative assessments. At 1month,
both eyes had a reduction in cylinder (to 0.75 D and to
0.50 D, respectively). Cylinder in both eyes then in-
creased during the postoperative follow-up, although
the 2 IOL axes changed 3 degrees or less from 1 day to
6 months postoperatively.

Of the 89 eyes that had 0.50 D or more of refractive
astigmatism at 6 months, the axis of astigmatism
changed from ATR to WTR in 11 eyes (12.4%) and
from WTR to ATR in 27 eyes (30.3%). Of the 89 eyes,
the axis changed in more eyes with WTR astigmatism
preoperatively (27 of 53; 50.9%) than eyes with ATR
astigmatism preoperatively (11 of 32; 34.1%). The
- VOL 36, APRIL 2010



613VISUAL FUNCTION WITH BILATERAL TORIC IOLS
difference was not statistically significant (P Z .14,
chi-square analysis). None of the 6 eyes with oblique
preoperative astigmatism had an axis change of 90
degrees. The mean axis shift in oblique eyes was 40
G 20 degrees (maximum 67 degrees).
Refractive Predictability and Stability
Of the 168 eyes with targets noted and with
a complete follow-up, the SE at 6 months was within
G0.50 D of the intended value in 112 eyes (77.2%) and
within G1.00 D of the intended value in 134 eyes
(92.4%). All eyes were within G2.00 D of the intended
SE. The mean change in SE was �0.1 G 0.4 D from 1
month to 3 months postoperatively (n Z 173), 0.0 G
0.4 D from 3 months to 6 months (n Z 146), and �0.1
G 0.4 from 1 month to 6 months (n Z 155).
Visual Acuity
Preoperatively, the mean binocular UDVA was 0.7
G 0.6 logMAR (n Z 70) and the mean binocular
CDVA, 0.3 G 0.3 logMAR (n Z 84). The mean binoc-
ular UDVAwas 0.06 G 0.12 logMAR 1 month postop-
eratively, 0.05 G 0.11 logMAR at 3months, and 0.05 G
0.11 logMAR at 6 months. Figure 2 shows the distribu-
tion of Snellen-equivalent visual acuity. Of the 100 pa-
tients assessed 1 month postoperatively, 97 (97.0%)
had a binocular UDVA of 20/40 or better and 60
(60.0%), of 20/20 or better. Of the 78 patients assessed
at 6 months, 77 (98.7%) had a binocular UDVA of
20/40 or better and 49 (62.8%), of 20/20 or better.
The improvement in UDVA from preoperatively to
postoperatively was statistically significant (P!.001).
The 1 patient who did not have at least 20/40 UDVA
at 6 months had an SE of �0.50 D in both eyes; how-
ever, glaucoma with visual function changes was
noted at the preoperative assessment.
Figure 2. Postoperative binocular Snellen equivalent UDVA at 1
month (n Z 117), 3 months (n Z 87), and 6 months (n Z 78).
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Preoperatively, the mean binocular CDVA was 0.30
G 0.30 logMAR (n Z 84). The mean binocular CDVA
at 6months was 0.03 G 0.14 logMAR (n Z 71). The im-
provement in CDVA from preoperatively to postoper-
atively was statistically significant (P!.001).
Rotational Stability
Table 2 shows the rotational stability of the toric
IOLs. Of the 161 IOLs assessed 6 months postopera-
tively, the operative target axis was on file for 157.
Of the 157 IOLs, 143 (91.1%) were within G5 degrees
of the operative axis and all were within G10 degrees.
At the last observation of the 217 IOL axes carried for-
ward, 197 IOLs (90.8%) were within G5 degrees of
the operative axis and 215 IOLs (99.1%) were within
G10 degrees. The 2 IOLs with more than 10 degrees
of rotation at the last observation were rotated
13 degrees and 14 degrees from the operative axis.
One IOL was rotated 20 degrees clockwise 1 day post-
operatively and 34 degrees from the intended axis
at 1 month. The IOL was repositioned before the
3-month assessment. At 6 months, the IOL was within
G4 degrees of the intended axis.
Subjective Patient Experience
Statistically significantly more patients reported be-
ing spectacle independent postoperatively than preop-
eratively (P!.001). Of the 78 patients who completed
a subjective questionnaire preoperatively and 6
months postoperatively, 54 (69.2%) did not require
spectacles at all or never used spectacles for distance
vision (Figure 3). At 6 months, 77 patients provided
satisfaction ratings. Of those, 56 patients (72.7%) rated
their postoperative satisfaction as 9 or 10 and 72
patients (93.5%), as 7 or higher (Figure 4). Patient
satisfaction was statistically significantly higher at
6 months than at baseline (P!.001, paired t test). For
patients with financial records on file, satisfaction at
6 months was statistically similar (P Z .52) between
those who received the IOLs for free (mean 8.8 G
1.7; n Z 47) and those who paid the local market
rate (mean 9.2 G 1.0; n Z 17).

At 6months, 2 patients rated their satisfaction as 4 or
lower. One may have misunderstood the rating scale
on the questionnaire because the patient did not re-
quire spectacles for distance vision, had no halos,
had rare to mild glare, and had 20/20 monocular
and binocular UDVA. In addition, the patient had
rated satisfaction as 10 at the 3-month assessment.
The other patient, who rated satisfaction as 4, had
mild posterior capsule opacification and posterior vit-
reous detachment in both eyes. This patient was re-
ferred to a retina specialist for flashes and floaters
and was scheduled for capsulotomy.
- VOL 36, APRIL 2010



Table 2. Rotational stability of the toric IOLs.

Postoperative Assessment

Parameter 1 D 1 Mo 3 Mo 6 Mo Last Carried Forward*

Mean degrees from operative axis 2 G 3 2 G 4 2 G 3 2 G 2 2 G 3
Mean degrees from 1-day postop axis d 2 G 4 1 G 2 1 G 2 2 G 4
Intraocular lenses assessed (n) 212 217 188 161 217

Means G SD
*Last postoperative observation for each eye was carried forward and then final results were averaged.
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Patients reported a statistically significant reduction
in the frequency and severity of halos and glare from
preoperatively to postoperatively (P!.05) (Table 3).
Six months postoperatively, 48 patients (61.5%) re-
ported never seeing halos and no patient reported se-
vere halos. The 5 patients who reported moderate
halos rated their satisfaction as 7 or higher. Thirty-
five patients (44.9%) never had glare symptoms, and
23 patients (29.5%) rarely had glare symptoms. The 2
patients who reported severe postoperative glare
rated their satisfaction with vision as 10 and had also
reported severe glare at intake.

DISCUSSION

In this study of 234 eyes of 117 patients (excluding 3
monocular cases) with a mean preoperative corneal
astigmatism of 1.7 G 0.4 D, apparent astigmatism
was reduced to 0.4 G 0.4 D of refractive cylinder 6
months postoperatively. The mean preoperative astig-
matism and the mean postoperative astigmatism
were slightly lower than in populations in other stud-
ies (Table 4).4–7,10 The distribution of residual astig-
matism in our study (90% of eyes %1.0 D) agrees
Figure 3. Spectacle use for distance preoperatively and 6 months
postoperatively (n Z 78).
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with the results of Bauer et al.,7 who reported a cutoff
instead of an average (91% of eyes %1.0 D).

In our study, the mean residual astigmatism by IOL
model was in line with mathematical modeling, which
predicted residual astigmatism ranging from0.2 to 0.4D
when SIA was included in the planning process and
from 0.5 to 0.8 D when SIA was not included.9 Al-
thoughmore aggressive IOL selection criteriamay yield
significantly less residual astigmatism,11 our study did
not allow deviation from the recommendations of the
online toric IOL calculator.

The rotational stability of the toric IOLs in our study
compares well with results in the literature (Table 4).
The stability of the toric IOL in our large population
(91% of IOLs with %5 degrees rotation) was on a par
with that in previous reports of smaller populations
with the same toric IOL (77% to 95% within G5
degrees).4–6

Few studies report bilateral binocular visual out-
comes for the toric IOLs we evaluated. In our study,
the mean postoperative binocular UDVA at 6 months
was 0.05 G 0.11 logMAR, with 99% of patients having
a UDVA of 20/40 or better and 63% of 20/20 or better.
The only bilateral study in Table 4 reported only mon-
ocular outcomes for its 15 bilateral patients (0.16 G
0.18 logMAR, 20/40 or better in 93% of eyes).4 The
good UDVA in our study resulted in 69% of patients
reporting spectacle independence for distance vision.
Figure 4. Vision satisfaction ratings preoperatively and 6 months
postoperatively (n Z 78) (1 Z completely unsatisfied; 10 Z com-
pletely satisfied).

- VOL 36, APRIL 2010



Table 3. Visual disturbances reported by 78 patients preoperatively and 6 months postoperatively.

Frequency (% of Patients) Rating (% of Patients)

Never Rarely Occasionally Often Always None Mild Moderate Severe

Halos
Preop 42 14 22 9 13 41 20 27 12
6 mo postop 62* 17 19 3 0 64* 29 6 0

Glare
Preop 24 12 33 18 13 24 27 29 21
6 mo postop 45* 29 15 8 3 53* 34 10 3

*P!.05 versus preoperatively (‘‘never’’ or ‘‘none’’ versus any other response) by chi-square analysis
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This result compares well with those in clinical trials of
unilateral AcrySof toric IOL implantation, in which
60% of patients were spectacle independent 4 to 6
months after surgery (AcrySof Toric Single-Piece Nat-
ural IOL Product Information, Alcon, Inc., 2005).

Bilateral implantation also allowed us to assess vi-
sual disturbances without contribution from early cat-
aractous changes in the nonsurgical phakic eye. The
frequency and severity of halos and glare were lower
6 months postoperatively than preoperatively. No pa-
tient reported severe halos; the 2 patients who re-
ported severe glare also reported severe glare
preoperatively. Most patients with glare or halo symp-
toms rated them as mild.

Photic phenomena are more commonly associated
with multifocal IOLs but also can occur with monofo-
cal IOLs. Halos have been correlated with corneal
irregularities and astigmatism greater than 1.00 D in
patients with multifocal IOLs, and glare has been cor-
related with age over 70 years in patients with mono-
focal IOLs.12 Patients in our study who reported
moderate or severe visual disturbances were still satis-
fied with their vision. This may be explained by their
good postoperative UDVA and reduced dependence
on spectacles. Nijkamp et al.13 found that distance
Table 4. Comparison of toric IOL studies.

Mean As

Study*/Year IOL Type FU (Mo) Pt (n) Eyes (n) Preo

Present AcrySof 6 117 234 1.7 G 0
Mendicute10/2009 AcrySof 3 20 20 1.8 G 0
Bauer7/2008 AcrySof 4.5 NA 43 2.1 G 0
Mendicute4/2008 AcrySof 3 15 30 2.3 G 1
Zuberbuhler5/2008 AcrySof 3 30 44 1.0 to 5
Chang6/2008 AcrySof 1 – 100 2.5

FU Z follow-up; IOL Z intraocular lens; NA Z not available; Pt Z patients
*First author
†Corneal astigmatism; unmarked values are refractive
zRange
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vision without glasses was significantly correlated
with patient satisfaction after cataract surgery. In a lin-
ear stepwise analysis, Walkow et al.14 found that
UDVA was the most influential factor in predicting
patient satisfaction after cataract surgery; distance
spectacle independence was also correlated with satis-
faction, although halos and glare were not.

Most patients in our study did not pay a premium
for the toric IOLs. Satisfaction was statistically similar
between patients who paid extra and those who did
not. Although paying patients rated their satisfaction
as high (mean 9.2 G 1.0 out of 10), the small number
of patients in that group (n Z 17) limits extrapolation
of their satisfaction levels to satisfaction in an average
paying population. Paying a significant premium
might affect satisfaction ratings in cases with subopti-
mum outcomes, such as when distance spectacles are
needed postoperatively. Interpretation of satisfaction
levels is also limited by the lack of a control group
with non-toric IOLs. Much of the reason for the high
postoperative satisfaction score might have been re-
lated to improvement in spherical error and a clear
lens (ie, cataract removed, IOL in place). The propor-
tion of satisfaction related to the correction of astigma-
tism is unknown.
tigmatism (D) G SD IOL Rotation from Intended Axis (%)

p Postop %5� %10�

.4† 0.4 G 0.4 91 99

.7† 0.6 G 0.5 95 100

.8† 91% %1.0 NA 100

.3† 0.7 G 0.4 77 97
.0†,z NA 95 100

0.5 90 99
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In conclusion, the rotational stability, significant re-
duction of cylinder, and predictable postoperative SE
in our study indicate that bilateral AcrySof toric IOL
implantation provides excellent binocular UDVA.
Patients in this study, which we believe to be the larg-
est prospective investigation of bilateral implantation
of these toric IOLs to date, had excellent postoperative
vision and were highly satisfied with their visual
results.
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*Canadian Toric Study Group 
 
Alberta: Harold Climenhaga, MD, Royal Alexandra Hospital and University of Alberta, 
Edmonton; Jit Gohill, MD, Surgical Centres Inc. and University of Calgary, Calgary 
 
British Columbia: John Blaylock, MD, Valley Laser Eye Centre , Abbotsford, and 
Chilliwack General Hospital, Chilliwack; Pierre Faber, MD, Providence Health Care, 
University of British Columbia, Vancouver; Francis Law, MD, Eye Care Centre, 
Vancouver General Hospital, University of British Columbia, Vancouver 
 
Manitoba: Guillermo Rocha, MD, Brandon Regional Health Authority, Brandon 
 
Nova Scotia: Daniel Belliveau, MD, Queen Elizabeth II Health Sciences Centre, Victoria 
General Hospital Site, Halifax 
 
Ontario: Ike Ahmed, MD, Credit Valley Eye Care, Mississauga; Joseph Ma, MD, North 
York General Hospital and Herzig Eye Institute, Toronto; Allan R. Slomovic, MD, 
Toronto Western Hospital, University Health Network, Toronto; Raymond Stein, MD, 
Bochner Eye Institute (Toronto, Ontario) and University of Toronto, Toronto 
 
Quebec: Alain Grégoire, MD, Centre Hospitalier Universitaire de Sherbrooke, 
Sherbrooke University, Sherbrooke; Dominique Meyer, MD, Institut Privé de Chirurgie 
Quebec; Michel Podtetenev, MD, Department of Ophthalmology, University of 
Montreal, Montreal 
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