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ABSTRACT

PURPOSE: To investigate the use of wavefront-guided
LASIK after multifocal intraocular lens (IOL) implantation
to correct residual ametropia and higher order aberra-
tions.

METHODS: In a prospective, nonrandomized case series,
wavefront-guided LASIK was performed in 27 eyes (19
patients) after multifocal I0L implantation (Tecnis diffrac-
tive 10L, n=20; ReSTOR diffractive IOL, n=4; ReZoom
refractive IOL, n=3) using the VISX STAR S4 IR excimer
laser. Visual acuity, manifest refraction, and wavefront
error were examined pre- and 3 months postoperatively.

RESULTS: In the Tecnis group, results before (after) LASIK
were: sphere +1.06+0.77 diopters (D) (—0.03=0.28 D;
P=.0001), cylinder —1.13+0.73 D (—0.14+0.25 D;
P=.00004), distance uncorrected visual acuity (UCVA)
20/45+0.09 (20/29+0.16; P=.00004), near UCVA
20/30x0.24 (20/25+0.16; P=.001), and higher order
aberrations (4-mm pupil) 0.14+0.05 um (0.18*=0.03
um; P=.02). Distance and near best spectacle-cor-
rected visual acuity (BSCVA) did not change. In the
ReSTOR group, results before (after) LASIK were:
sphere +0.75+0.56 D (+0.13*0.22 D), cylinder
—1.50+0.47 D (—0.13+0.22 D), distance UCVA
20/40+0.07 (20/26+0.07), near UCVA 20/44+0.05
(20/25+0.0), and higher order aberrations (4-mm
pupil) 0.24+0.03 um (0.20£0.02 um). Distance and
near BSCVA did not change. In the ReZoom group, re-
sults before (after) LASIK were: sphere +0.08+1.20 D
(0.00 D), cylinder —0.83+0.120 D (0.00 D), distance
UCVA 20/40+0 (20/25=+0), near UCVA 20/60+0.09
(20/150+0.18), and higher order aberrations (4-mm
pupil) 0.43=0.04 um (0.39x0.03 um). Patients lost one
line of distance BSCVA and two lines of near BSCVA.

CONCLUSIONS: Wavefront-guided LASIK is safe and
effective in diffractive multifocal I0Ls to correct residu-
al refractive error, but higher order aberrations did not
improve. It is not recommended in refractive multifocal
IOLs, as these cannot be measured reliably with current
wavefront sensors. [J Refract Surg. 2008;24:274-279.]

ioptics is a surgical procedure to correct refractive

B errors by combining corneal and lenticular surgical
techniques. The term “bioptics” was originally devel-

oped to correct high or extreme ametropia that could not be
corrected by one procedure alone. In the early days of bioptics,
the implantation of a phakic intraocular lens (IOL) was fol-
lowed by intended LASIK approximately 1 to 3 months later.!

Today, a sequential or, in some cases, simultaneous combi-
nation of a corneal refractive procedure and implant technol-
ogy is suitable, depending on the patient’s need for spectacle
independence.? Refractive lens exchange or cataract surgery
with a monofocal implant cannot provide good distance and
near vision without correction. Therefore, we were interested
in multifocal IOLs, designed to provide spectacle independence
after refractive lens exchange in ametropic and presbyopic
patients. Furthermore, we offered the patient an additional LASIK
procedure approximately 1 to 3 months after refractive lens ex-
change or cataract surgery in case of a residual refractive error to
achieve full spectacle independence. The LASIK procedure was
wavefront-guided to possibly provide higher precision of astig-
matism correction due to on-axis treatment achieved by iris regis-
tration and to possibly reduce higher order aberrations.?*

PATIENTS AND METHODS
MULTIFOCAL INTRAOCULAR LENSES

Three multifocal IOLs were used in this study. Two designs
were diffractive and one was refractive. The Tecnis aspheric
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diffractive multifocal IOL (Advanced Medical Optics
[AMO], Santa Ana, Calif) is a foldable three-piece sili-
cone IOL. The optic incorporates a prolate anterior
shape with 0.27 pm of negative spherical aberration,
designed to compensate for the spherical aberration of
the average cornea, and a diffractive back side. Light
distribution to far and near focus is approximately
42%, independent of pupil size, and approximately
16% in higher diffractive orders. The ReSTOR diffrac-
tive multifocal IOL (Alcon Laboratories Inc, Ft Worth,
Tex) offers the use of a foldable hydrophobic acrylic
platform, apodization of the anterior diffractive optic,
and transition to a refractive optic outside a 3.6-mm
diameter. It is therefore pupil dependent, and light dis-
tribution is shifted towards distance vision for larger
pupil sizes. Both lenses have effective near additions
of +4.00 diopters (D), which translates to approxi-
mately 3.20 D at the spectacle plane.

The ReZoom (AMO) is a refractive multifocal IOL
and was developed to re-engineer the optics of AMO’s
previously approved Array IOL. It is a three-piece,
hydrophobic acrylic IOL that distributes light over five
optical zones. The ReZoom is both distance-dominant
and pupil dependent. Intermediate vision is lower
than distance vision, and near vision is lower than
that generated by diffractive multifocal IOLs. The near
addition is 3.50 D, which translates to approximately
2.80 D at the spectacle plane.

PATIENT POPULATION

From January 2006 to January 2007, 27 eyes of 19
patients (9 men [12 eyes] and 10 women [15 eyes]) under-
went wavefront-guided (CustomVue, AMO/VISX) LASIK
after previous implantation of one of the described mul-
tifocal IOLs to correct residual ametropia. Mean patient
age was 53+10.3 years (range: 36 to 68 years).

The eyes were divided into three groups, depending
on the type of multifocal IOL used. The IOL type was
chosen depending on the patient’s needs (preferred
reading distance or intermediate vision for computer
work). The first group consisted of 20 eyes that were
implanted with a Tecnis multifocal IOL (Tecnis group).
The second group consisted of 4 eyes with a ReSTOR
multifocal IOL (ReSTOR group), and the third group of
3 eyes with a ReZoom multifocal IOL (ReZoom group).
Statistical analysis was performed in the Tecnis group
only due to the small number of eyes in the other
groups (paired samples ¢ test, alpha 0.05).

REFRACTION AND OTHER EXAMINATIONS

Preoperative examination included manifest refrac-
tion, slit-lamp microscopy, non-contact tonometry (non-
contact tonometer NT-2000; NIDEK Co Ltd, Gamagori,

Japan), corneal topography (TMS-2N; Tomey, Erlan-
gen, Germany), corneal tomography and pachymetry
(Orbscan IIz; Bausch & Lomb, Rochester, NY), and
measurements of uncorrected visual acuity (UCVA)
and best spectacle-corrected visual acuity (BSCVA) for
distance and near. Outcome measures were UCVA and
BSCVA for distance and near, manifest refraction, and
changes in higher order aberrations before and after
LASIK (WaveScan aberrometer, AMO/VISX). Postop-
erative examinations were performed at 1 day, 1 to 3
and 6 to 8 weeks, and 3 months postoperatively. All
data presented were measured at 3 months.

ABERROMETRY AND TREATMENT CALCULATION

Aberrometry was performed using the WaveScan
aberrometer. Three or more measurements were ob-
tained before LASIK with an undilated pupil. One ofthe
three measurements that best matched the manifest re-
fraction was chosen to calculate the treatment. If mani-
fest sphere differed by =0.50 D or more from the wave-
front sphere, manifest sphere was used to calculate the
treatment. If wavefront cylinder differed by more than
0.50 D or more than 15° from the manifest cylinder,
wavefront-guided treatment was not performed. No
other adjustments were made.

A VISX STAR S4 IR excimer laser (AMO) was used.
The eye tracker and iris registration were used in all
eyes. As the WaveScan aberrometer does not allow
calculation of wavefront errors for pupil sizes other
than the one measured, we calculated wavefront errors
for a 4-mm pupil in all eyes as described elsewhere.?
These 4-mm values allow for a comparison between
groups. In addition, we calculated wavefront error for
each individual eye for the same pupil size pre- and
postoperatively, using the largest possible pupil size
for which data were available at both examinations. As
pupil size was not the same in different patients, we
cannot compare the pre- and postoperative values in
this approach. We therefore subtracted the postopera-
tive values from the preoperative values and averaged
the change. This change will reflect the change of high-
er order aberrations at pupil sizes greater than 4 mm.

LASIK FLAP

The mean postoperative period between multifo-
cal IOL implantation and CustomVue LASIK was 4.4
months (range: 6 weeks to 12 months). The Amadeus
microkeratome (AMO) with a 140-pm head and a 9.0-mm
suction ring was used to create the flap in 18 eyes. In
9 eyes with a preoperative astigmatism of =2.50 D,
the LASIK flap was created using the IntralLase FS 60
(AMO) immediately prior to lens surgery without lift-
ing the flap. In patients with astigmatism of =2.50 D,
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TABLE 1

Subjective Refraction, Aberrometer-derived Refraction, Uncorrected Visual Acuity,
and Best Spectacle-corrected Visual Acuity Before and 3 Months After Wavefront-
guided LASIK Following Implantation of Three Different Multifocal IOLs

Tecnis (n=20)

ReSTOR (n=4)

ReZoom (n=3)

Before LASIK After LASIK P Value* Before LASIK After LASIK Before LASIK After LASIK
Sphere (D) +1.06+0.77 —0.03+0.28 .0001 +0.75+0.56 +0.13+0.22 +0.08+1.2 0.00+0.00
(=0.75t0 +2.25) (—0.5to +0.5) (0.00 to +1.5) (0.00to +0.5) (-100t+175 (0.00 to 0.00)
Cylinder (D) —-1.13+0.73 -0.14+0.2 .00004 —1.50+0.47 —0.13+0.22 —0.83x0.12 0.00+0.00
(-2.75 to 0.00) (-0.75 to 0.00) (—225t0 —1.00) (—0.50t00.000 (—100tb—0.75 (0.00 to 0.00)
WaveScan
Sphere (D) +1.51+0.49 +0.64+0.4 .006 +0.41+0.24 +1.01+0.15 —-1.59+1.13 —-0.67+0.21
(0.79 to 2.63) (0.00 to 1.41) (0.13t0 0.72) (0.89t0 1.23) (272b—-004 (—0.96t0 —0.44)
Cylinder (D) —-1.27+0.76 —-0.36+0.20 .003 —1.70+0.55 —0.64+0.30 —-0.67x0.21 —-0.33+0.23
(=2.73 to —0.26) (—0.85t0 —0.12) (—2.41t0 —1.03) (-0Pt—-024) (—09%t—-044) (—0.65t0—0.07)
UCVA distance 20/45+0.09 20/29+0.16 .00004 20/50+0.07 20/26+0.07 20/40=+0.00 20/25+0.00
(20/60 to 20/30)  (20/50 to 20/20) (20/60 to 20/40) (20301020/25) (204010 20/40) (20/25 to 20/25)
BSCVA distance 20/27+0.12 20/26+0.1 .43 20/26+0.07 20/26+0.07 20/21+0.09 20/25+0.00
(20/40 to 20/20)  (20/50 to 20/20) (20/30 to 20/25) (2030102025 (2025t102020) (20/25 to 20/25)
UCVA near 20/30+0.24 20/25+0.16 .001 20/44+0.05 20/25+0.00 20/60+0.09 20/153=+0.18
(20/60 to 20/20)  (20/40 to 20/20) (20/50 to 20/40) (20251020225 (2010010 2050) (0 to 20/50)
BSCVA near 20/27+0.22 20/25+0.15 .001 20/34+0.05 20/25+0.00 20/22+0.17 20/30+0.14
(20/50 to 20/20)  (20/30 to 20/20) (20/40 t0 20/30) (20251020/25) (2030102020) (20740 to 20/25)

UCVA = uncorrected visual acuity, BSCVA = best spectacle-corrected visual acuity

*t test.

we deemed it unlikely that the corneal incision dur-
ing the lens replacement surgery alone could correct
the astigmatism. We therefore created the flap with the
Intrallase to shorten the wait for wound stability.
Hence, enhancements in eyes that had an IntralLase
flap were performed earlier, with the earliest approxi-
mately 6 weeks after lens implantation.

RESULTS

Mean refraction, aberrometer-derived refraction,
visual acuity, and higher order aberrations before and
after LASIK are given in Tables 1 and 2. Three-month
postoperative data are reported.

In the Tecnis group, sphere and cylinder as well as dis-
tance and near UCVA improved significantly after LASIK.
No eye lost distance or near BSCVA. Aberrometer-derived
refractions matched the manifest values well and also
improved significantly, but showed a slightly larger
variability than manifest refraction. Before LASIK,
45% of eyes in the Tecnis group needed an additional
near add for reading. After LASIK, all patients could
read without any correction. Overall higher order aber-
rations increased slightly after LASIK for a 4-mm pupil
(from 0.14 to 0.18 pm; P=.02) but decreased slightly
(0.07 ym) when comparing change of higher order

aberrations for larger pupil sizes. Coma, trefoil, and
spherical aberration also increased for a 4-mm pupil
and when comparing change of higher order aberra-
tions for the same pupil size pre- and postoperatively.

In the ReSTOR group, results were similar. Refrac-
tion and visual acuity improved after LASIK. No eye
lost distance or near BSCVA. Aberrometer-derived
refractions matched well with manifest values but
showed a somewhat greater variability than manifest
values. Higher order aberrations also increased slightly
after LASIK for a 4-mm pupil (0.14 to 0.20 pm) but
improved slightly (0.10 pm) when comparing change
of higher order aberrations for the same pupil size pre-
and postoperatively. The results for coma, trefoil, and
spherical aberration were similar to those in the Tecnis
group.

In the ReZoom group, refraction and distance UCVA
improved, but distance BSCVA worsened by one line,
near BSCVA worsened by two lines, and near UCVA
worsened by four lines. In addition, a considerable dif-
ference was noted between manifest and aberrometer-
derived refraction, with the aberrometer-derived re-
fraction being on average 1.50 D more myopic than the
manifest values, indicating inaccurate measurements
of the aberrometer in eyes with a refractive multifocal
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some night vision symptoms still may occur.®'” In the
ReSTOR group, all eyes were spectacle independent
and within £0.50 D of emmetropia after wavefront-
guided LASIK.

The ReZoom IOL, a refractive multifocal IOL, is
distance-dominant and pupil dependent. Intermedi-
ate vision is weaker than distance but slightly better
than that generated by diffractive multifocal IOLs.8 In
our series, three eyes of two patients with a ReZoom
IOL were treated. All eyes were plano after LASIK but
their distance and near BSCVA as well as their near
UCVA were reduced after LASIK (Table 1). Compar-
ing wavefront-derived and manifest refraction in the
ReZoom group, it was noted that wavefront refraction
of all three ReZoom eyes differed by >1.50 D from the
manifest refraction (Table 1). We had modified the
wavefront-derived sphere to match the manifest sphere
for calculation of the treatment. However, this still re-
sulted in a reduction of near vision and a reduction
of corrected near vision, which indicates that current
wavefront-measuring devices are not able to correct-
ly measure the wavefront aberrations in an eye after
implantation of the ReZoom multifocal IOL. This was
later confirmed by experimental studies in an artificial
eye conducted by Campbell.’® Campbell concluded
that the WaveScan aberrometer could not reliably mea-
sure distance refraction and higher order aberrations
in the ReZoom IOL, whereas the Tecnis multifocal IOL
could be measured reliably.’® This explains our results
and indicates that wavefront-guided ablations should
not be used after implantation of a refractive multifo-
cal IOL such as the ReZoom IOL.

In diffractive multifocal IOLs such as the Tecnis or
ReSTOR, the success rate of wavefront-guided LASIK
was high: all patients were spectacle-free after LASIK
compared to 45% before LASIK. Both in the Tecnis
and ReSTOR groups, overall higher order aberrations
increased slightly after LASIK for a 4-mm pupil, but
decreased slightly when comparing change of higher
order aberrations for larger pupil sizes (Table 2). Coma,
trefoil, and spherical aberration increased for a 4-mm
pupil and when comparing change of higher order ab-
errations for the same pupil size pre- and postopera-
tively in the Tecnis and ReSTOR group; however, dif-
ferences were small (Table 2).

It may be argued why wavefront-guided ablations
should be used with multifocal IOLs, and if so, wheth-
er a wavefront-guided treatment affects the multifocal-
ity. We used wavefront-guided treatments for two rea-
sons. First and most important, we believe that the use
of iris registration, which is a part of the wavefront-
guided treatment, offers higher precision of the laser
ablation as astigmatism is treated on-axis and as pupil

centroid shift is compensated, potentially providing a
better centration. Second, a decentration of the IOL in
reference to the pupil might induce some higher order
aberration, and a wavefront-guided treatment might
be beneficial in addressing these higher order aberra-
tions. Our results showed that wavefront-guided treat-
ment was efficient in addressing residual refractive er-
rors with both diffractive multifocal IOLs tested, and
there was no clear trend regarding the effect on higher
order aberrations. Higher order aberrations increased
with a 4-mm pupil, but decreased if larger pupil sizes
were analyzed (Table 2). In addition, multifocality of
the diffractive multifocal IOLs was not impaired by
a wavefront-guided treatment, as all patients in the
Tecnis and ReSTOR group could read very well. These
findings are confirmed by wavefront-measurements in
a model eye with both diffractive multifocal IOLs,*®
which showed that both refraction and higher order
aberrations could be measured reliably. On the other
hand, we observed that a refractive multifocal IOL
such as the ReZoom could not be measured reliably,
and a wavefront-guided treatment should therefore not
be used with refractive multifocal IOLs.

Wavefront-guided LASIK is effective in correcting
residual refractive errors after implantation of diffrac-
tive multifocal IOLs. Higher order aberrations seem
to be largely unaffected. However, wavefront-guided
LASIK should not be used after implantation of refrac-
tive multifocal IOLs.
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