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PURPOSE: To evaluate refractive outcomes of custom laser in situ keratomileusis (LASIK) based on
undilated and pharmacologically dilated wavefront aberrometry with the Visx laser system.

SETTING: Clinical refractive practice, St. Louis, Missouri, USA.

DESIGN: Comparative case series.

METHODS: Eyes that had LASIK using dilated wavescans (study group) were evaluated for the
reason for use of dilated scans; age; preoperative refractive error; preoperative root mean square
(RMS), coma, trefoil, and spherical aberration values; postoperative uncorrected distance visual
acuity (UDVA); postoperative refractive error; percentage of iris-registration capture; and
enhancement rate. The study group was compared with a control group that had LASIK using
undilated wavescans.

RESULTS: The study group comprised 52 eyes (31 patients) and the control group, 104 eyes (55
patients). At 1 month, the mean postoperative UDVA was 20/21 in the study group and 20/22 in the
control group and at 3 months, 20/22 and 20/20, respectively. At 1 month, the mean postoperative
spherical equivalent (SE) was C0.07 diopter (D) G 0.49 (SD) in the study group and C0.14 G
0.30 D in the control group and at 3 months, �0.01G 0.44 D andC0.02G 0.23 D, respectively;
there was no statistically significant difference between groups at either timepoint. There was no
statistically significant difference in preoperative RMS or postoperative coma, trefoil, or spherical
aberration between the groups. Although the study group had a slightly higher enhancement
rate, the difference was not statistically significant.

CONCLUSION: Compared with custom LASIK based on undilated wavescans, use of dilated wave-
scans for custom LASIK resulted in comparable postoperative outcomes.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Wavefront technology has long been used as a tool in
astronomy to improve image quality. In the past de-
cade, this technology has been applied to ophthalmol-
ogy and is now commonly used to measure optical
aberrations in the eye. In wavefront-guided laser in
situ keratomileusis (LASIK), wavefront aberrometry
measurements are used to create an ablation profile
that includes higher and lower optical aberrations.
Compared with conventional LASIK, wavefront-
guided LASIK increases the accuracy of preoperative
measurements and results in improved contrast sensi-
tivity, a lower incidence of postoperative glare and
halos, and less induction of postoperative higher-
order aberrations (HOAs).1

The AMO Visx S4 Custom LASIK platform (Visx,
Inc.) recommends that wavescan aberrometry be
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performed in the undilated state to lessen the chance
that unwanted HOAs are incorporated into the treat-
ment plan. The system, therefore, requires a physio-
logic scotopic pupil of at least 5.0 to 6.0 mm to
ensure an adequately sized measurement for the de-
sired optical zone of ablation. Patients whose pupils
are smaller than 5.0 mm are excluded from
wavefront-guided surgery with this platform. In addi-
tion, patients who are unable to relax accommodative
tone are excluded from wavefront-guided ablation be-
cause they record an artificially more myopic (or less
hyperopic) reading on the wavescan. If these scans
are used for treatment, unwanted hyperopic outcomes
can be expected.

In these instances, obtaining wavescan aberrometry
after pharmacologic dilation and cycloplegia would
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Table 1. Between-group comparison of preoperative
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allow these patients to have custom LASIK. We first
reported the use of wavescans obtained through a di-
lated pupil at a 2007meeting and compared the results
with those in a group of patients having conventional
ablation.A We found that refractive outcomes were
comparable in the 2 groups. In this study, our goal
was to compare outcomes in eyes that had custom
LASIK based on pharmacologic dilated wavescans
with those in eyes with undilated wavescans.

PATIENTS AND METHODS

Charts of consecutive eyes that had wavefront-guided
LASIK using dilated wavescans (study group) starting
March 1, 2008, were retrospectively reviewed. The data
were compared with those in consecutive eyes that had
wavefront-guided LASIK with undilated scans (control
group) starting March 1, 2008. Dilated wavescans were
used when (1) the wavescan spherical equivalent (SE) was
greater than 0.50 diopter (D) of myopia compared with the
manifest refraction and (2) the pupil size on the wavescan
was less than 5.0 mm. No fixed protocol was used to deter-
mine the dilating agent, and the agents used were technician
dependent. No fixed time interval was used between appli-
cation of the dilation drops and the capture of thewavescans.
However, it is practice in the clinic to attempt to capture
wavescans no more than 15 minutes after application of
the dilation drops. All wavefront-guided cases except en-
hancement surgeries were included.

All cases were performed using the AMO Visx Star S4
laser and with the patient in an undilated state at least
3 days after the wavescans were obtained. All surgeries
were performed by the same surgeon (S.A.W.). With the
laser platform, physicians can adjust the treatment of spher-
ical correction up toG0.75D at their discretion; in this paper,
this is referred to as the physician adjustment. Patient age,
manifest refraction, cycloplegic refraction, wavescan refrac-
tion, type of dilating agent, and physician adjustment were
recorded. Also noted was the presence of iris-registration
capture; method of flap creation (Hansatome mechanical
keratome versus Intralase 60 kHz femtosecond laser); refrac-
tive goal; total root-mean-square (RMS) error, coma, trefoil,
and spherical aberration of the preoperative wavescan;
1-month and 3-month postoperative uncorrected distance vi-
sual acuity (UDVA) and manifest refraction; and the pres-
ence of an enhancement procedure 1 year after the
procedure.

Statistical comparisons were performed using generalized
linear modeling methods. Univariate analyses were used to
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identify factors other than dilation that were associated
with the outcome variable of interest (ie, postoperative SE).
Outcome variables evaluated included the SE, RMS, coma,
trefoil, and spherical aberration, although the postoperative
SE was considered the primary outcome measure and the
power estimates are based on that. The variables that were
associated with the outcome (P!.05) were included in the fi-
nal models. In the final model, the preoperative measure-
ment was included in the model to correct for baseline.
RESULTS

Table 1 shows the preoperative patient characteristics
in the study group (dilated eyes) and the control group
(undilated eyes). Table 2 shows the 1-month and
3-month postoperative outcomes and aberrometry
results.

The study group comprised 52 eyes of 31 patients.
Dilated wavescans were used for excessive accommo-
dation in 42 eyes (81%) and for small pupils in 10 eyes
(19%). The mean physician adjustment was �0.23 D.
Twenty-three eyes (44%) were dilated with tropica-
mide 1% alone, 26 eyes (50%) were dilated with tropi-
camide 1% and cyclopentolate 1%, and 3 eyes (6%)
were dilated with cyclopentolate alone. Flaps were
created with the mechanical microkeratome in 5 eyes
(10%) and with the femtosecond laser in 47 eyes (90%).

In the study group, 49 eyes were targeted for plano,
1 eye was targeted for �0.25 D, and 2 eyes were
targeted for �0.50 D. Three patients (6 eyes) did not
return for the 1-month visit. In the remaining eyes tar-
geted for plano, the mean postoperative SE at 1 month
wasC0.09 D. Of eyes that had an enhancement, 1 had
a flap lift 6 months postoperatively and both eyes of 1
patient had photorefractive keratectomy at 10 months.
The enhancement correction was C1.00 �0.50 � 121
for the unilateral enhancement and �1.25 �1.00 � 178
and �0.75 �1.00 � 177 for the bilateral enhancement.
Loose epithelium was noted at the time of initial
surgery in the patient who had bilateral enhancement.
characteristics.

Parameter Study Group Control Group P Value

Eyes (n) 52 104 d

Age (y)
Mean 37 36 .35
Range 26, 53 20, 62

Mean preop SE (D) d

Manifest �4.03 �3.42 .37
Cycloplegic �3.97 �3.48 d

Wavescan �3.81 �3.36 d

SE Z spherical equivalent
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Table 2. Between-group comparison of postoperative and aberration outcomes.

Parameter Study Group Control Group P Value

Mean 1 mo postop UDVA 20/21 20/22 d

Mean 1 mo postop SE (D) C0.07 G 0.49 C0.14 G0.30 .04
Mean 3 mo postop UDVA 20/22 20/20 d

Mean 3 mo postop SE (D) �0.01 G 0.44 C0.02 G 0.23 .13
Mean preop RMS (mm) 0.45 G 0.15 0.36 G 0.15 .17
Mean physician adjustment (D) �0.23 �0.41 d

IR capture rate (%) 86.5 95.2 d

Enhancement rate (%) 6.0 1.9 .89
Mean coma (mm) 0.24 G 0.15 0.22 G 0.13 .58
Mean trefoil (mm) 0.20 G 0.09 0.15 G 0.10 .28
Mean spherical aberration (mm) 0.20 G 0.17 0.13 G 0.11 .14

IR Z iris registration; RMS Z root mean square; SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
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The control group comprised 104 eyes of 55 patients.
All eyes were myopic. Themean physician adjustment
was �0.41 D. Flaps were created with the mechanical
microkeratome in 9 eyes (9%) and with the femtosec-
ond laser in 95 eyes (90%).

In the control group, 100 eyes were targeted for pla-
no, 1 eye was targeted for �0.30 D, 1 eye was targeted
for�0.25 D, and 2 eyes were targeted for�0.50 D. Five
patients (9 eyes) did not return for the 1-month visit. In
the remaining eyes targeted for plano, the mean post-
operative SE at 1 month wasC0.15 D. Of the eyes that
had enhancement, 1 had a flap lift at 6 months and the
other at 8 months. The enhancement correction was
C0.25 �0.75 � 014 and C1.25 �1.25 � 180,
respectively.

There was no statistically significant difference in SE
between the study group and the control group 1
month or 3 months postoperatively (Figure 1). Given
the sample size at 1 month, there was a 52% power
to find a difference between the 2 groups of 0.176; at
3 months, there was a 27% power to find a difference
Figure 1. Between-group comparison of mean postoperative SE (SE
Z spherical equivalent).
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of 0.16. There was no statistically significant difference
in the enhancement rates between the 2 groups.

There were no statistically significant differences in
the mean total RMS, postoperative coma, trefoil, or
spherical aberration values between the study group
and the control group (Table 2 and Figure 2). There
was also no statistically significant difference in the
meanRMSvalues between eyes that received cyclopen-
tolate andeyes that received tropicamide only (Table 3).
DISCUSSION

Accurate refractive results are essential for the modern
refractive surgeon. Hyperopic overcorrection of myo-
pic patients is a frustrating outcome for surgeon and
patient. In our experience, a potential cause of hyper-
opic overcorrection in LASIK is preoperative wave-
scans that do not reflect the true refractive error. It is
common for some individuals to accommodate during
acquisition of the wavescan image despite proper in-
struction from the operator. This creates an artificially
Figure 2. Between-group comparison of mean total RMS, coma, tre-
foil, and spherical aberration values (RMS Z root mean square).
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Table 3. Results in eyes dilated with cyclopentolate versus
tropicamide only.

Parameter Cyclopentolate
Tropicamide

Only P Value

Eyes (n) 29 23 d

Mean preop
RMS (mm)

0.39 G 0.19 0.33 G 0.12 .59

Mean 1 mo postop
UDVA

20/22 20/21 d

Mean 1 mo postop
SE (D)

�0.09 G 0.61 C0.16 G 0.27 d

IR capture rate (%) 82.8 91.3 d

Enhancement
rate (%)

4.00 4.14 d

Means G SD
IR Z iris registration; RMS Z root mean square; SE Z spherical equiva-
lent; UDVA Z uncorrected distance visual acuity
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more myopic wavescan and frequently gives a hyper-
opic result. Often, having the patient take a break from
the wavescan acquisition, arrive in early morning,
avoid reading before the scan, or go without glasses
before the scan can help a patient relax his or her
accommodative tone. However, in some cases, the
wavescan SE is over �0.50 D more myopic than the
manifest SE and cycloplegic SE despite these
precautions. Options with the Visx S4 custom LASIK
platform at that point include using conventional
ablations or adding a drop of a cycloplegic agent and
acquiring new scans. It is best to wait for the cyclople-
gic effect but not have the pupil at its maximum diam-
eter to increase the chance of iris-registration capture.
Likewise, with this particular platform, using conven-
tional ablation is the only alternative to dilation for
patients with anatomically small pupils.

Several concerns arise with the use of dilated wave-
scans forwavefront-guided ablations. First, a pupillary
centration shift may occur with dilation, and this can
result in decentration ablations. Second, a larger pupil
and lenticular changes may result in differences in
measured HOAs. Earlier studies2–5 confirm a shift in
pupil centration to varying degrees with pharmaco-
logic dilation. However, Tabernero et al.6 and Porter
et al.4 found that a majority of eyes in their studies
had less than 0.3 mm and 0.2 mm of pupil centroid
shift, respectively. Previously, Bueeler et al.7 deter-
mined that for pupils up to 7.00 mm, a shift in lateral
alignment of up to 0.45 mm would not likely degrade
optical quality after custom ablation.

Ideally, the pupil size onwavescan shouldmatch the
pupil size during treatment. However, all treatments
in both groups in our study were performed with
patients in the undilated state; therefore, the pupils
were uniformly larger in the dilated wavescans than
J CATARACT REFRACT SURG -
during treatment. Current iris-registration technology
may compensate for some of the differences in pupil
center location between the dilated pupil and the undi-
lated pupil. No decentered ablations were observed in
this series. Nevertheless, caution should be taken
when performing wavefront-guided ablation based
on dilated measurements.

Depending on the agent used, pharmacologic pupil
dilation may not only result in a pupil centroid shift
but also in relaxation of accommodation and changes
in the shape of the lens. This is often the desired result
in patients who have higher accommodative tone.
However, these changes could alter the measured
preoperative HOAs. Studies to date report conflicting
results. Awwad et al.8 report significant differences in
wavefront-measured spherical aberration between
pupils that were equal in size to a 6.0 mm optical
zone and those larger than the optical zone on the
Visx Wavescan aberrometer. Jankov et al.9 compared
undilated measurements with those taken after dila-
tion with phenylephrine 2.5% followed by cyclopento-
late 0.5%. They found no significant difference in
overall RMS but did note significant differences in
spherical aberration between all dilated eyes and undi-
lated eyes. Furthermore, they showed that the mea-
sured wavefront sphere was more myopic than
baseline refraction after phenylephrine instillation
but was less myopic than baseline refraction after
cyclopentolate instillation. Yang and Wu10 found no
significant difference in Zernike coefficients between
undilated eyes and eyes dilated with a tropicamide–
adrenaline mixture. Similarly, Subbaram and
MacRae11 found no significant difference in mean
RMS measurements or 3-month postoperative visual
acuity and contrast sensitivity between undilated
eyes and eyes dilated with phenylephrine 2.5%.

We have been using dilated wavescans in clinical
practice for more than 4 years and find them helpful
in selected patients. This study was performed to re-
view our results in a consecutive group of patients
who had LASIK using dilated wavescans compared
with results in a concurrent group of patients having
traditional wavefront-guided LASIK. We found that
postoperative visual acuities when using dilated scans
were excellent and not significantly different from
those in the undilated group. Similarly, there was no
statistically significant difference in postoperative SE
between the 2 groups. There were also no statistically
significant differences in mean preoperative total RMS
values or coma, trefoil, and spherical aberration values
between the 2 groups. The enhancement rate was
slightly higher in the dilated-scan group; however,
the difference was not statistically significant.

Our ability to find statistical significance for a differ-
ence of 0.25 D or less between the groups was limited
VOL 37, OCTOBER 2011
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by our sample size. As such, our findings of equiva-
lence should be viewed with caution. However, the
difference we found would not be considered clini-
cally significant. As such, even if we were to have
a study powered to find a difference as small as the
one we found, the clinical implication of our findings
would not change. Given that previous studies have
found differences in measured HOAs with different
dilating agents,3,9 we also compared our results be-
tween eyes dilated with cyclopentolate and tropica-
mide and those with tropicamide only. We found no
significant difference in the mean preoperative total
RMS values between the 2 groups. Furthermore, no
differences in postoperative UDVA or the rate of en-
hancement were noted. These particular findings are
limited, however, because we did not have specific
criteria for the type of dilating agent or the time
between instilling drops and acquiring wavefront
measurements.

Our retrospective study suggests that LASIK per-
formed using dilated wavescans is a good alternative
for patients unable to produce wavescans that match
their manifest SE and cycloplegic SE for the Visx S4
custom LASIK platform. Future studies may benefit
from increased sample size to improve the power of
the study.
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