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● PURPOSE: To evaluate efficacy, predictability, and
safety of Artisan toric phakic intraocular lens (Ophtec,
Groningen, The Netherlands) implantation for the correction of astigmatism higher than 2 diopters.
● DESIGN: Interventional case series.
● METHODS: This prospective study included 27 eyes of
16 patients with a mean preoperative spherical equivalent
of –11.78 ⴞ 6.24 diopters and a mean preoperative
astigmatism of ⴚ3.43 ⴞ 0.81. The Artisan phakic
intraocular lens was inserted in the anterior chamber
through a posterior corneal incision; the technique is
similar to the implantation of the classical Artisan lens,
but in these cases it is particularly important to secure
the lens accurately in the correct axis. The main parameters evaluated in this study were uncorrected visual
acuity, best-corrected visual acuity, refraction, and endothelial cell count.
● RESULTS: Twelve months after the implantation of the
Artisan toric phakic intraocular lens, 62.90% of the eyes
were within ⴞ0.50 diopters. of emmetropia and 96.20%
within ⴞ1.0 diopters. Seventy percent of the eyes gained
1 or more Snellen lines from their preoperative bestcorrected visual acuity, and 11.11% lost 1 Snellen line.
Mean endothelial cell count increased 2.9%. Mean of the
parallel and orthogonal components of cylinder correction were 1.97 diopters and 0.10 diopters, respectively,
of the intended cylinder change. The mean of axis
alignment error was 10.53 degrees. No serious complications were observed.
● CONCLUSION: Artisan toric phakic intraocular lens
implantation appears to be a safe and predictable method
for the correction of high levels of astigmatism. (Am J
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T

HE SURGICAL CORRECTION OF NATURAL AND IN-

duced astigmatism has advanced rapidly in the last
decade. Astigmatic keratotomy, photorefractive astigmatic keratectomy, laser-assisted in situ keratomileusis
(LASIK), photothermal keratoplasty techniques, cataract
or clear lens extraction surgery with toric intraocular lens
(IOL) implantation, phakic toric intraocular lenses, or a
combination of these procedures are the main techniques
employed.
The various procedures for the surgical management of
high levels of astigmatism have had their limitations.
Combined procedures, such as astigmatic keratotomy plus
photorefractive astigmatic keratectomy,1 astigmatic keratotomy plus myopic in situ keratomileusis,2 astigmatic
keratotomy plus laser-assisted in situ keratomileusis,3 and
astigmatic keratotomy with cataract surgery,4 and a procedure termed keratolenticuloplasty have been tried in these
cases to improve efficacy and predictability.
In young patients with high ametropia and high astigmatism, toric phakic intraocular lenses may be an alternative to be taken into account before other corneal
refractive approaches because of its theoretical advantages
of reversibility and the preservation of the corneal contour.
We have been working with the Artisan lens (Ophtec,
Gronigen, The Netherlands), an iris-claw fixated intraocular lens that is the phakic lens of our preference.5,6
Currently we are using this type of lens to make toric
corrections. Our inclusion and exclusion criteria are the
same than for the standard Artisan lens.
Originally, the reasons to work with this intraocular lens
(IOL) were its location of placement in the eye, far from
the corneal endothelium and avoiding the posterior chamber, and its larger optical zone compared with other
anterior chamber phakic IOLs used for the same range of
corrections. An important optical advantage is that, because of its fixation characteristics, centering the lens over
the pupil is dependent on surgeon ability rather than angle
situation (as with angle-supported IOLs) or difficult “white
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to white” measurements (as with posterior chamber IOLs).
We report the results of 27 eyes implanted with the
Artisan toric phakic IOLs designed to correct both spherical and astigmatic components of ametropia.

METHODS
THE STUDY DESIGN IS AN INTERVENTIONAL CASE SERIES.

Two surgeons, José L. Güell at Instituto de Microcirugı́a
Ocular de Barcelona, Spain, and F. Malecaze at Service
Ophthalmologie, CHU Toulouse, France, performed the
procedures. We enrolled 27 eyes of 16 patients in this
prospective study (6 men, 10 women), aged from 28 to 50
years (37.8 ⫾ 7.18 years).
The preoperative spherical equivalent ranged from
⫹6.00 diopters (D) to –19.50 diopters (D) (mean, –11.78
⫾ 6.24) and preoperative astigmatism ranged from ⫺2.25
to ⫺4.75 (mean, –3.43 ⫾ 0.90). Preoperative uncorrected
visual acuity was lower than 20/400 in all of the eyes, and
preoperative best-corrected visual acuity was ⱖ20/40 in
78% of the eyes.
The study included a consecutive series of patients who,
for medical, professional, or personal requirements, attained unsatisfactory correction with spectacles or contact
lenses; had a stable refraction for at least 1 year; had
astigmatism ⬎ ⫺2.00; and either did not want refractive
surgery or it was contraindicated for them. The study was
approved by the ethical committees of Barcelona (Autonoma University) and Toulouse. All patients were fully
informed of the details and possible risks of the procedure
in accordance with the Helsinki Declaration, and written
informed consent was obtained for each patient.
Exclusion criteria were as follows: anterior segment
pathology, inadequate eyelid closure, uveitis, previous
corneal or intraocular surgery, monocular status, systemic
diseases (such as autoimmune, connective tissue disease,
atopia, or diabetes), chronic treatment with corticosteroids
or any immunosuppressive treatment or state, pregnancy,
endothelial cell counts of less than 2,200 cell/mm2, and an
anterior chamber central depth less than 3.2 mm.
Examinations were performed by M. Vazquez and H.
Hulin. The preoperative evaluation included uncorrected
visual acuity and best-corrected visual acuity, manifest and
cycloplegic refraction, slit-lamp microscope examination,
applanation tonometry, keratometry, and indirect ophthalmoscopy. The subjective response for satisfaction was
rated on a scale from 1 to 5 (1 ⫽ very poor, 2 ⫽ poor, 3 ⫽
moderate, 4 ⫽ good, and 5 ⫽ excellent). The symptoms such
as glare and halos were rated as 1 ⫽ very intense, 2 ⫽
intense, 3 ⫽ moderate, 4 ⫽ few, and 5 ⫽ none. Complementary examinations were also required, including axial
length and anterior chamber depth, videokeratography,
and endothelial cell count.
Postoperative evaluations were programmed at 24 hours,
1 week, and 1, 3, 6, and 12 months after surgery. A
VOL. 136, NO. 3

complete ophthalmologic examination was performed at
each visit, as previously described, with the exception of
the first and seventh day postoperatively, on which endothelial cell count was not measured.
The Artisan IOL is a one-piece polymethylmetacrylate
(PMMA) lens. Its overall diameter is 8.5 mm, maximum
height is 1.04 mm, and optical zone diameter is 5.0 mm.
The available powers for myopia vary from –3.00 to –20.00
D, with cylindrical correction from 1 to 7 D and, for
hyperopia, from ⫹ 2.00 to ⫹ 12.00 D with the same
cylindrical correction as for myopia.
The dioptric power of the lens was calculated with the
patient’s refractive error, the anterior chamber depth, and
keratometric values (Van der Heijde formula).7
There are two available models for correcting, with a
similar surgical technique, any astigmatic axis: a toric
Artisan phakic IOL with a cylinder axis at 0 degrees
(model A) and a toric Artisan phakic IOL with a cylinder
axis at 90 degrees (model B) with respect to the position of
the haptics. When the axis of the cylinder is between 0
and 45 degrees or 135 and 180 degrees, model A is
recommended; when the axis of the cylinder is between 45
and 135 degrees, model B is recommended.
The procedure was similar to standard Artisan IOL
implantation, but in these cases it was important to secure
the lens accurately in the correct axis to avoid induced
astigmatism. The enclavation sites were preoperatively
marked on the iris using argon laser. The limbus was also
marked, immediately before the surgery, while the patient
was sitting upright at the ophthalmometer.
We generally used a superior approach and retrobulbar
anesthesia (4 cc of a proportional combination of mepivacaine 2% and bupivacaine 0.75%). The first plane of a
5.2-mm-long posterior vascular corneal incision and two
vertical paracentesis were performed. These last two were
located for an easy iris enclavation, accordingly, to the
cylinder axis where the IOL had to be placed. After the
intracameral injection of acetylcholine and viscoelastic
material through the paracentesis, the second plane of the
incision was performed, opening the anterior chamber.
The lens was then completely introduced in one step to
avoid any contact of the front part of the IOL with the
crystalline lens. Under viscoelastic protection, the IOL was
then rotated until the appropriate axis was reached. The
IOL was fixated with a blunt 30-G blended needle,
grasping, through both paracentesis, the iris into both
“claws.” Once the proper axis alignment and centering
over the pupil was confirmed, a peripheral slit iridotomy at
12 o’clock was performed. Viscoelastic material was exchanged with balanced salt solution through our irrigationaspiration automatic system, and the incision was closed
with five interrupted 10-0 nylon sutures. The correct
tension and distribution of the sutures were confirmed with
a Maloney qualitative keratometer. Postoperative treatment included tobramycin and dexamethasone four times
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per day and timolol 0.5% twice a day for 3 weeks. Suture
removal was started at the first postoperative month,
taking into account postoperative refractive and topographic astigmatism.
Change in spherical equivalent manifest refraction was
calculated by subtraction.
DSE ⫽ SE2 ⫺ SE 1
where DSE is change in spherical equivalent, SE1 and SE2
are spherical equivalent at preoperative and postoperative
examination, respectively.
Cylindrical refractions were represented as double-angle
vectors, which can be decomposed into two perpendicular
components in rectangular coordinates as follows:

FIGURE 1. Scattergram shows the preoperative manifiest
spherical equivalent refraction vs the induced change 1 year
after Artisan toric phakic intraocular lens implantation.

X ⫽ A cos共2a兲

If b ⫺ bintended ⬎ 90, then g ⫽ b ⫺ bintended –180;
if b ⫺ bintended ⬍ ⫺90, then g ⫽ b ⫺ bintended ⫹ 180;
otherwise, g ⫽ b ⫺ bintended;
where bintended ⫽ axis of intended cylinder change.
A positive g indicates a counterclockwise (CCW) axis
deviation and a negative g indicates a clockwise (CW) axis
deviation. By our convention, the axis of intended cylinder
correction was always the same, from the consensus preoperative refractive cylinder axis.
The cylinder changes can be decomposed into two
rectangular components referenced to the axis of intended
correction.

Y ⫽ A sin 共2a兲
Where X is the cardinal component, Y ⫽ is the oblique
component, A is the cylinder magnitude in diopters, a ⫽
Cylinder axis in degree. X is positive for against-the-rule
astigmatism and negative for with-the-rule astigmatism. Y
is positive for a positive cylinder at 45 and negative for a
positive cylinder at 135. The positive cylinder convention
is used for these calculations.
Changes in cylindrical refractions are computed in
rectangular coordinates as follows:

DP ⫽ DA cos共2g兲

DX ⫽ X2 ⫺ X 1

DO ⫽ DA sin(2g)

DY ⫽ Y2 ⫺ Y 1

where DP is the component of cylinder change parallel to
the axis of intended correction and DO is the component
of cylinder change orthogonal to the axis of intended
correction. The terms parallel and orthogonal refer to
orientations in the double-angle vector plot.
The formulae for the decomposition of astigmatism
vectors into cardinal and oblique components are adapted
from Holladay and associates,8,9 Naeser,10 Alpins,11 and
Huang and associates.12
Concerning quantitative data, the comparisons between
pre- and postoperative periods were performed using the
Student t test for paired data. Comparisons for percentages
were performed using the 2 and McNemar tests.

where DX is the change in cardinal component of astigmatism, X2 is the postoperative cardinal components, X1
the preoperative cardinal components, DY the change in
oblique component of astigmatism, Y2 the postoperative
oblique components, and Y1 the preoperative oblique
components.
Conversion from rectangular to polar coordinates is
performed as follows:
DA ⫽ 共DX 2 ⫹ DY 2兲 1/2
If DX ⫽ 0, then if DY ⬎ 0, b ⫽ 45, otherwise b ⫽ 135.
If DX ⬎ 0 and DY ⬎ 0, b ⫽ 0.5 arctan (DY/DX);
if DX ⬎ 0 and DY ⬍ 0, b ⫽ 0.5 {arctan(DY/DX) ⫹ 360};
if DX ⬍ 0, b ⫽ 0.5 {arctan(DY/DX) ⫹ 180},

RESULTS
MEAN PREOPERATIVE SPHERICAL EQUIVALENT REFRAC-

tion and astigmatism were –11.78 ⫾ 6.24 (⫹ 6.00 to
–19.50) and –3.48 ⫾ 0.81 (⫺2.25 to ⫺4.50), respectively.
Mean postoperative spherical equivalent refraction and
astigmatism were – 0.58 ⫾ 0.64 (⫺1.25 to 0) and – 0.66 ⫾

where DA is the magnitude of cylinder change, and b is the
axis of cylinder change.
Deviation g of the axis of the actual cylinder change
from the axis of intended change is computed as follows:
444
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FIGURE 2. The bar graph depicts the change in best-corrected visual acuity from preoperative to the 1-year postoperative
examinations in terms of change in the number of Snellen lines.

0.57 (⫺1.00 to 0), respectively, at 12 months (Figure 1)
after the surgery. A satisfactory residual refraction appeared early, at the first month, and an optimal residual
refraction had already been obtained as early as the third
month (Table 1).
One year after the surgery, 96.20% of the eyes were
within ⫾1.00 D of emmetropia, and 17 eyes (63%) were
within ⫾0.50 D after Artisan toric implantation. Regarding the astigmatism, 85.50% of the eyes were within ⫾1.00
D after IOL implantation and 8 eyes (30%) were within
⫾0.50 D (Table 1). To analyze the change in astigmatism
caused by the surgery, the astigmatic component of the
power vector was represented by decomposition of the
cylinder change vector. The mean of the parallel components was ⫺0.97 D and the mean of the orthogonal
components was 0.10 D of cylinder correction of the
intended cylinder change (Table 2). Mean of the magnitude of cylindrical power error was 0.74 D, with respect to
the cylindrical power intended (Table 3). The mean of
axis alignment error was 10.53 degrees (Table 4). We also
constructed a formal statistical analysis of the null hypothesis in which postsurgical power vectors were equal to zero.
The results of these tests, conducted at the 0.01 level,
indicated that neither astigmatism components are significantly different from zero.
Preoperative uncorrected visual acuity was less than 20/400
in all cases; its evolution during the first postoperative year is
shown in Table 1. At 1 year, about two thirds (63%) of the
eyes had an uncorrected visual acuity of 20/40 or better. The
maximal efficacy was observed as soon as the third month
(Table 1), once the sutures had been removed.
With regard to best-corrected visual acuity, as shown in
Table 1, the safety index (ratio of mean postoperative
VOL. 136, NO. 3

BSCVA over mean preoperative BSCVA) was high at all
periods. The evaluation of visual acuity in terms of gain or
loss of 1 or more Snellen lines confirms this result: Three
eyes (11.11%) lost a single Snellen line of visual acuity,
but 37.03% of the eyes gained 1 line, 14.80% gained 2
lines, and 18.50% gained 3 or more lines after the
procedure, compared with preoperative values (Figure 2).
Mean preoperative endothelial cell density was 2,649 ⫾
311 cells/mm2 (2,231–3,355). Twelve months after IOL
implantation, mean endothelial density was 2,726 ⫾ 271
cells/mm2 (2,241–3,355). These differences between preoperative and postoperative endothelial cell counts were not
statistically significant (P ⫽ .21). There were no significant
intraoperative or postoperative complications during the
follow-up period in this group of eyes. During the first week
after IOL implantation, 10% of the eyes were found to have
mild elevation of intraocular pressure. From the first month
through the 1-year follow-ups, no statistically significant
difference was observed when comparing the pre- and postoperative intraocular pressure values. No lens opacification,
pigmentary dispersion, pupillary block, or retinal complications occurred during the follow-up period
All the patients were highly satisfied with the procedure.
Mean subjective response for satisfaction and symptoms
such as glare and halos was 4.0 at 12 months after the
surgery, using the scale described previously.

DISCUSSION
THE CORRECTION OF HIGH ASTIGMATISM IS STILL A CON-

troversial issue. Corneal refractive (nonreversible) surgery
cannot adequately correct high myopia and astigmatism
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TABLE 1. Comparison of the Visual Acuity and Refractive Outcomes at Various Intervals
After Artisan Toric Phakic Intraocular Lens Implantation

UCVA ⱖ20/40
Safety index*
Spherical equivalent (D)

1 Month

3 Months

6 Months

1 Year

11/27 (41%)
1.16
⫺0.70 ⫾ 1.04

20/27 (74%)
1.25
⫺0.37 ⫾ 0.66

21/27 (78%)
1.34
⫺0.32 ⫾ 0.75

21/27 (78%)
1.40
⫺0.58 ⫾ 0.64

UCVA ⫽ Uncorrected visual acuity; BCVA ⫽ best-corrected visual acuity; D ⫽ diopters.
*Safety index ⫽ ratio of mean postoperative BCVA over mean preoperative BCVA.

TABLE 2. Statistical Summary of the Decomposition of
Astigmatism Vectors Into Parallel and Orthogonal
Components

Mean
SEM
SD

DP

DO

⫺0.9713
0.3536
0.3240

0.1043
0.0635
0.2202

TABLE 4. Postsurgical Axis Error
Axis Error

Mean (degrees)
Mean absolute (degrees)
SD (degrees)
SD ⫽ standard deviation.

DP ⫽ component of cylinder change parallel to the axis of
intended correction; DO ⫽ component of cylinder change orthogonal to the axis of intended correction.

Artisan implantation. The central effective optical zone
will always be smaller in the first two procedures, and thus
patients may suffer more frequently from complains such as
glare and halos, especially in dim lighting conditions.15
Therefore, correction with a toric lens may be an interesting alternative, even though this means correcting a
corneal astigmatism that theoretically could be treated by
a corneal procedure.
The refractive results of this study were excellent. At 1
year, 96% (25 eyes) of the eyes were within ⫾1.00 D of
emmetropia and 63% (17 eyes) were within ⫾0.50 D.
These refractive results appeared early in the postoperative
period; similar values had already been attained as early as
the third month. With corneal refractive surgery it has not
always been possible to attain such results and combined
procedures or upgraded profiles or techniques had to be
employed to improve efficacy.3 In contrast, all patients in
our study noted that they were highly satisfied with the
procedure.
Seventy percent of the eyes in this study gained one or
more lines of their preoperative best-corrected visual
acuity. Other authors16,17 have reported this gain in visual
acuity after phakic IOL implantation because of the
increase in the size of the retinal image.
Damage to the endothelium is one of the main concerns
with anterior chamber phakic IOL implantation. This
could be the result of the surgery itself or of the presence
of a foreign body in the anterior chamber (chronic inflammatory or mechanical hypothesis). Nevertheless, we observed a paradoxical increase (⫹2.90%) in the mean
endothelial cell count. This may be due to the reproducibility of the technique, despite the fact that we took
extreme care to eliminate bias (eight measures at each

TABLE 3. Statistical Summary of the Magnitude of
Cylinder Change

Mean
SEM
SD

Intended

Achieved

⫺4.41
0.2543
0.8812

⫺3.67
0.3492
1.2098

SD ⫽ standard deviation; SEM ⫽ standard error of the mean.

levels without decreasing the central optical zone and thus
limiting the quality of vision.13,14 Combined procedures
such as astigmatic keratotomy plus LASIK3 and better and
improved ablational profiles and techniques (positive cylinder, cross cylinder) have emerged to achieve the latter.
With the implantation of the Artisan toric phakic IOL,
however, it is theoretically possible to obtain good results
with a single reversible procedure.
Artisan toric phakic IOL implantation allows correction
of myopia up to ⫺20.00 and of astigmatism up to 7.00 D,
with an optical zone of 5 mm. Conversely, it is a reversible
and adjustable procedure, hence the lens may be explanted, exchanged, or adjusted with corneal refractive
surgery, primarily LASIK. Another advantage of this
technique is the possibility of attaining better vision
because the original corneal contour is preserved. Performing a 6-mm optical zone arcuate keratotomy or 5-mm
optical zone LASIK is different from a 5-mm optical zone
446
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exploration time per patient). It may also be explained by
the long-term daily use by most of our patients of toric soft
contact lenses or rigid gas permeable contact lenses until
the surgery was performed (13 of 16 patients). Despite this,
a long-term follow-up is essential with any type of anterior
chamber lenses to assess the stability of endothelial cell
count and morphology. Budo and associates18 reported an
endothelial cell loss of 0.7% per year between 2 and 3 years
following a mean loss of 7.1% during the first year, possibly
associated with the initial surgical trauma. Similar results
have been described by other authors, including us.5,19 A
more complete follow-up of these patients (5 to 10 years)
compared with an age-matched control group would be
important in assessing the safety of these lenses and
considering their use as an standard either in myopia alone
or combined with astigmatism.
We had no intraoperative or postoperative complications. This is probably related to our experience with this
type of implant. We must point out that, from our point of
view, a proper surgical training is especially important with
this type of IOL implantation and especially with the toric
model. In our study group, best-corrected visual acuity was
equal or better compared with the preoperative values,
which favors the procedure; only three cases lost 1 Snellen
line with respect to their best-corrected visual acuity. As
with other series,16,20 no postoperative glaucoma has been
observed, with the exception of a mild, transient early
episode of elevated intraocular pressure. The problem
resolved with discontinuation of topical corticosteroids.
Other complications reported in the literature, such as
decentration,16 retinal complications,17 cystic wounds,21
Urrets/Zavalia syndrome,21 lens opacity,16 and ischemic
optic neuropathy,22 were not found in our series.
Artisan toric phakic IOL implantation appears to be a
suitable option for patients with high levels of myopia or
hyperopia and astigmatism and who otherwise have normal ophthalmologic examinations. Nevertheless a longterm follow-up of these patients will provide the last word.
This technique has been helpful to us in the correction of
postpenetrating keratoplasty ammetropia. In any case, we
favor this approach over aggressive irreversible corneal
surgery, combined or alone, in correcting this high
ametropic group. From our point of view, corneal refractive
surgery, customized or not, should be reserved for postoperative refinements until the IOL itself can be modified in
situ (Light Adjustable IOL project).
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