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ARTICLE

Wavefront-guided myopic laser in situ ®

Check for
Updates

keratomileusis with a high-resolution
Hartmann-Shack aberrometer and a
new nomogram

Robert K. Maloney, MD, MA(Oxon), Colman R. Kraff, MD, Stephen C. Coleman, MD

Purpose: To evaluate visual, refractive, aberrometric, and patient-
reported outcomes of wavefront-guided (WFG) myopic laser in situ
keratomileusis (LASIK) using a high-resolution Hartmann-Shack
aberrometer (iDesign Advanced WaveScan system) with a new
nomogram and to determine whether the new nomogram resolved
the mild undercorrection that occurs with the manufacturer’'s de-
fault settings.

Setting: Three private LASIK practices.

Design: Prospective, open-label, noncomparative, multicenter
study.

Methods: One hundred ninety eyes of 95 patients underwent
bilateral WFG LASIK for the correction of myopia or myopic
astigmatism. A new nomogram was used, which effectively ad-
justed the wavefront-measured refraction sphere up or down to
equal the manifest refraction sphere. Patients were followed up for
6 months.

correct hyperopia, myopia, and astigmatism.

Higher-order aberrations (HOAs), such as coma,
spherical aberration, and trefoil, are typically induced by
conventional laser in situ keratomileusis (LASIK) surgery,
potentially leading to decreased quality of vision despite
achieving 20/20 Snellen visual acuity."” Wavefront-guided
(WFG) customized ablation treatments were designed to
both correct spherocylindrical refractive errors and reduce
preexisting ocular aberrations.” In practice, WFG treat-
ments do not reduce preexisting HOAs but may have the
benefit of inducing a smaller increase in HOAs than other
methods.”

Conventional laser refractive surgery platforms can

Results: Eighty-four patients completed the final follow up. At
6 months, 162 (96.4%) of 168 eyes achieved monocular un-
corrected distance visual acuity of 20/20 or better. No eye lost 2 or
more lines of corrected distance visual acuity. The safety and ef-
ficacy indices were 1.12 and 1.09, respectively; 164 (98%) of 168
eyes had manifest refraction spherical equivalent within +£0.50 di-
opters (D) of emmetropia, and 154 (92%) of 168 eyes had residual
manifest refractive astigmatism of 0.50 D or less. Fewer patients
experienced burning, stinging, soreness, and irritation post-
operatively than preoperatively. Eighty-one (96%) of 84 patients
reported improved quality of life.

Conclusions: WFG myopic LASIK using a high-resolution
Hartmann-Shack aberrometer and a new nomogram resolved
the undercorrection with the manufacturer’s default settings. The
treatment was safe and effective with excellent visual and refractive
outcomes, high patient satisfaction, and improved quality of life.
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Safety and efficacy results have previously been reported
with WFG LASIK treatments using a Hartmann-Shack
aberrometer that measures up to 240 points over the pu-
pil (WaveScan system, Johnson & Johnson)."*'* A new
system is commercially available that incorporates a high-
resolution Hartmann-Shack aberrometer (iDesign Ad-
vanced WaveScan System, Johnson & Johnson Vision).
This system captures up to 1257 points over the pupil,
about 5 times the resolution of the previous system, and
uses corneal topography to correct for the effect of angle of
incidence on tissue ablation rates.”'*""”

One would expect that the newer system would produce
better results for myopia and myopic astigmatism or results
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Table 1. Baseline Clinical and Demographic Characteristics.

Parameter Mean = SD (range)
Age (y) 30.4 + 5.3 (18.6, 46.5)
Pupil size (mm)
Photopic 5.4 £ 0.9 (8.2, 8.5)
Scotopic 6.6 £ 0.8 (4.0, 8.2)
MRSE (D) —3.80 + 1.90 (-8.38, —0.75)
Cylinder (D) 0.87 + 0.91 (—5.00, 0.00)
K readings (D)
K1 43.70 = 1.60 (40.10, 47.50)
K2 44.80 = 1.70 (40.10, 47.50)
CCT (um) 570.8 + 35.9 (484, 658)
M/F (%) 63.2/36.8

CCT = central corneal thickness; K = keratometric

that at least were no worse than the older system. Yet, in the
U.S. Food and Drug Administration (FDA) premarket ap-
proval (PMA) study of the older WaveScan system, 93% of
351 enrolled eyes achieved uncorrected distance visual acuity
(UDVA) of 20/20 or better at 6 months (P930016/SO16
SSED, accessible at www.fda.gov). In the U.S. FDA PMA
study of the newer iDesign system, only 83% of 334 enrolled
eyes achieved UDVA of 20/20 or better (P930016/5044
SSED, accessible at www.fda.gov). Although the 2 trials
are not directly comparable because the inclusion criteria
were different, one contributor to the underperformance of
the iDesign system in the PMA study was a systematic
undercorrection of myopia. With the iDesign system, only
69% of eyes fell within +0.50 diopters (D) of emmetropia at
6 months, because the mean manifest refraction spherical
equivalent (MRSE) was —0.46 + 0.42 D, significantly short of
emmetropia. With the WaveScan system, 90% of eyes were
within +£0.50 D of emmetropia at 6 months. It is clear that the
manufacturer’s default settings in the iDesign PMA study
were not as accurate as the previous system. We undertook
this investigator-initiated study to determine whether the
iDesign system could produce superior results if a correcting
nomogram were used.

METHODS

This prospective open-label, noncomparative multicenter study
was conducted at 3 sites in the United States (Kraff Eye Institute,
Chicago, IL; Maloney-Shamie Vision Institute, Los Angeles, CA;
and Coleman Vision, Albuquerque, NM). The 3 participating
centers were each clinical investigative site for the iDesign FDA
PMA. One hundred ninety eyes of 95 patients with myopia or

Table 2. Visual and Refractive Outcomes.

Parameter Preop

MRSE (D), mean + SD -3.83 +1.92
MRSE, eyes within +0.50 D of plano (%) 0

Eyes with manifest astigmatism <0.50 D (%) 51

Eyes with UDVA 20/20 or better (%) 0
Eyes with UDVA 20/16 or better (%) 0
Patients with binocular UDVA 20/20 or better (%) | O
Patients with binocular UDVA 20/16 or better (%) | O
preop = preoperatively; postop = postoperatively
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myopic astigmatism were enrolled in the study. Written informed
consent was obtained from all patients. The study was approved by
an institutional review board (Alpha IRB, San Clemente, CA) and
followed the tenets of the Declaration of Helsinki.

Eligible patients were healthy adults aged 18 years or older seeking
bilateral LASIK surgery with a refractive goal of emmetropia both
eyes. Subjects with myopic spherical equivalent up to —11.00 D with
or without astigmatism up to —5.00 D in both eyes could be enrolled.
Pupil diameter had to be between 4.0 and 9.5 mm in dim illumi-
nation to be included in the study. Soft and rigid gas-permeable
contact lens wearers discontinued contact lens use at least 1 week and
3 weeks, respectively, before the preoperative examination.

Exclusion criteria included unstable refraction or corrected
distance visual acuity (CDVA) of 20/25 or worse in either eye.
Other exclusion criteria were as follows: evidence, in either eye, of
keratoconus, abnormal corneal topography or any corneal pa-
thology that was clinically significant in the assessment of the
investigator; estimated residual corneal bed thickness less than
270 wm; history of severe ocular allergies; history of ocular herpes
simplex/zoster; clinically significant lens opacity; moderate to
severe dry eye; pregnancy or breastfeeding; use of isotretinoin
within the past 6 months; use of amiodarone within the past
12 months; and use of systemic or nasal corticosteroids within the
past 3 months. Patients undergoing monocular treatment or with
arefractive goal other than emmetropia in each eye were excluded.

Subjects were examined preoperatively and at 1 day, 1 month,
3 months and 6 months postoperatively. CDVA and UDVA
were measured on Early Treatment Diabetic Retinopathy
Study (ETDRS) charts at 4 m. The iDesign Advanced WaveScan
system was used to measure wavefront refraction, corneal to-
pography, keratometry, pupil size and ocular aberrometry
preoperatively and at 1 month and 6 months. In addition,
patient satisfaction and overall incidence of photic phenomena
were evaluated at baseline and 6 months postoperatively
through a subjective patient questionnaire that was a modified
version of the National Eye Institute Refractive Error Quality of
Life (NEI-RQL)-42 and included questions about the frequency
of visual disturbances.

Nomogram

The wavefront map generated by the iDesign system was used to
create an excimer laser treatment pattern. Using a proprietary
algorithm, the iDesign system calculated an iDesign refraction
from captured wavefront map. The sphere component of the
iDesign refraction was intended to correct the eye to infinity. An
option called sphere adjustment allowed the user to alter the
amount of sphere correction in the treatment pattern by +0.75 D.
The manufacturer’s default setting of the sphere adjustment is
zero. It is this sphere adjustment that allows the user to in-
corporate a nomogram adjustment. Each patient had a sphere
adjustment calculated as follows: First, the manifest refraction
sphere was adjusted to an infinite lane length by adding the
negative reciprocal of the lane length, in meters, to the measured
manifest sphere. Then, the iDesign sphere correction was sub-
tracted from the adjusted manifest refraction sphere to yield the

3 mo postop 6 mo postop

0.05 + 0.25 —0.01 £ 0.25
98.3 98

94.5 92

96.7 96.4

77.8 76.8

9619 100

92.2 92.9
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Figure 1. UDVA at 3 months and 6 months postoperatively com-
pared with preoperative monocular CDVA. Postoperatively, 97% (3
months) and 96% (6 months) of eyes had UDVA 20/20 or better. All
eyes (100%) had an UDVA of 20/25 or better at 3 months and 6
months postoperatively.

sphere adjustment. For example, if the manifest refraction
was —4.50 diopter sphere (DS) in a 4 m lane, then the adjusted
manifest refraction sphere was —4.75 DS. If the iDesign calculated
a sphere correction of —5.25 DS, then the difference between the
iDesign sphere correction and the adjusted manifest refraction
sphere is +0.50 D. A sphere adjustment of +0.50 D would be
entered. This calculation had the effect of adjusting the iDesign
sphere up or down to equal the adjusted manifest refraction
sphere. The calculations were performed on the sphere, written in
minus cylinder form and not the spherical equivalent. Cylinder
correction was ignored for the purpose of this calculation but was
always present to some degree or another in the calculated iDesign
treatment because the treatment was calculated to the nearest 0.01
D. No adjustment to the cylinder correction was made. If the
sphere adjustment fell outside the £0.75 D range of the iDesign
system at the time, the patient was excluded from the study. The
iDesign system has a user option that does these calculations
automatically after the manifest refraction is entered. Use of a
nomogram with this or any other system is an off-label use.
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Figure 3. Comparison of attempted MRSE and achieved MRSE. The
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refraction spherical equivalent
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Figure 2. Change in lines of CDVA preoperatively to 6 months
postoperatively: 49% of eyes showed a gain of 1 or more lines, and
no eye lost 2 or more lines of CDVA.

Surgical Procedure

All subjects were treated with the iLASIK suite (Johnson and
Johnson Vision), which includes the iDesign Advanced WaveScan
aberrometer (version 1.3), the iFS femtosecond laser, and the Star
S4 IR excimer laser. All surgeries were performed under topical
anesthesia by one of the authors, each of whom is an experienced
LASIK surgeon. Corneal flaps were hinged superiorly and were
created with the femtosecond laser with an intended flap thickness
0f 90 to 120 pm and a flap diameter of 8.0 to 9.0 mm. WFG laser
ablation was performed, with XYZ tracking in all eyes and tor-
sional tracking based on iris registration when possible. Treat-
ments were programmed in all cases with a 6.0 mm zone of
wavefront correction and a total ablation zone of 8.0 mm. All eyes
were targeted for emmetropia.

Statistical Analysis

Clinical results were analyzed at 3 months and 6 months post-
operatively. Statistical analysis was performed using SPSS Statistics
for Windows software (SPSS, Inc.). Shapiro-Wilks test was used to
check normality of the scaled data. For comparing preoperative and
postoperative data, the paired t test was used for normally dis-
tributed data, and Wilcoxon signed-rank test was used for data that
were not normally distributed. Although the calculation of the
sphere adjustment involved adjusting the manifest refraction sphere
for the optical difference between the lane length and infinity, no
such adjustment was made to the sphere and spherical equivalent
data reported in this study.

Statistic involving visual acuities were calculated by first con-
verting the ETDRS vision to a logMAR equivalent and then
performing any necessary calculations. At the end of the calcu-
lation, the logMAR equivalent was converted back to Snellen
acuity for reporting in this study. The safety index was calculated
as the ratio of mean postoperative CDVA to mean preoperative
CDVA, and the efficacy index was calculated as the ratio of mean
postoperative UDVA to mean preoperative CDVA.

RESULTS

Ninety-seven patients were enrolled in the study. Two pa-
tients dropped out before LASIK was performed and were
excluded from the results. Ninety-five patients were treated.
At 3 months, 90 patients (95%) were available for analysis.
Eighty-four patients (88%) with 168 eyes completed the final
visit at 6 months. The preoperative patient characteristics
are summarized in Table 1. No intraoperative complications
occurred, nor were there any serious adverse events
postoperatively.

Volume 47 Issue 7 July 2021

Copyright © 2021 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.



850 LASIK WITH A HIGH-RESOLUTION ABERROMETER
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Figure 4. Accuracy of achieved MRSE: 98% eyes had an MRSE within
+0.50 D of emmetropia. MRSE = manifest refraction spherical equivalent

Visual Outcomes

The visual and refractive outcomes are summarized in
Table 2. At 3 months postoperatively, 140 (78%) of 180 eyes
showed 20/16 or better and 174 (97%) of 180 eyes showed
20/20 or better monocularly. At 6 months, these were 129
(77%) of 168 eyes and 162 (96%) of 168 eyes, respectively
(Figure 1). All patients had binocular UDVA and CDVA of
20/20 or better 6 months postoperatively.

At 3 months and 6 months postoperatively, 96 (53%) of 180
eyes and 83 (49%) of 168 eyes gained 1 or more lines of
CDVA, respectively, and 12 (6.7%) of 180 eyes and 12 (7.1%)
of 168 eyes lost 1 line of CDVA, respectively. No eye lost 2 or
more lines at either 3 months or 6 months postoperatively
(Figure 2). At 6 months, mean monocular CDVA improved
from —0.05 + 0.06 logMAR (20/18 Snellen equivalent) pre-
operatively to —0.10 + 0.06 logMAR (20/16 Snellen equiva-
lent) postoperatively (P <.001). The safety and efficacy indices
at 6 months postoperatively were 1.12 and 1.09, respectively.

Refractive Outcomes
The MRSE within +0.50 D of emmetropia was achieved in
177 (98.3%) of 180 eyes at 3 months and 164 (97.6%) of

168 eyes +0.5 D: 92%
6 months +1.0 D: 99%
120% - °N\°
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Refractive Astigmatism (D)
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Figure 6. Comparison of refractive astigmatism from preoperatively
to postoperatively. At 6 months postoperatively, 92% eyes had
residual refractive cylinder of +0.50 D or less, and 99% of eyes had
+1.00 D or less.
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Figure 5. Stability of MRSE over time in a consistent cohort of eyes
with follow-up at every visit: 6% of eyes changed more than 0.50 D
between 3 and 6 months postoperatively. MRSE = manifest re-
fraction spherical equivalent

168 eyes at 6 months (Figures 3 and 4). The mean MRSE
improved from —3.83 £ 1.92 D at baseline to 0.05 + 0.25 D
at 3 months and —0.01 + 0.25 D at 6 months post-
operatively. Little change in mean MRSE occurred after
1 month: MRSE regressed by 0.04 D from 1 month to
3 months and by 0.06 D between 3 and 6 months
(Figure 5). Between 3 and 6 months postoperatively, 9
(6%) of 162 eyes changed by more than 0.50 D.

The number of eyes with residual refractive cylinder of
0.50 D or less was 170 (94%) of 180 eyes and 154 (92%) of
168 eyes at 3 months and 6 months postoperatively,
respectively (Figure 6). The Alpins method of astigma-
tism analysis was used to evaluate results in 147 eyes with
preoperative refractive astigmatism of 0.25 D or more."°
In all eyes, the target-induced astigmatism (TIA) was the
preoperative manifest refractive astigmatism. Figure 7
shows TIA against surgically induced astigmatism (SIA)

147 astigmatic eyes at
6 months post op

Overcorrected

Undercorrected

Surgically Induced Astigmatism Vector (D)
w

2 . y = 0.8521x + 0.0609
A R2 = 0.9385
1
A TIA: 1.01+0.93D
0 A SIA: 0.92 +0.82D
0 1 2 3 4 5 6

Target Induced Astigmatism Vector (D)

Figure 7. TIA vs SIA at 6 months. The green diagonal lines enclose
errors of 0.50 D or less. The mean correction index was 0.97, with
more highly astigmatic eyes somewhat undercorrected. SIA =
surgically induced astigmatism; TIA = target induced astigmatism

Copyright © 2021 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.



LASIK WITH A HIGH-RESOLUTION ABERROMETER 851

Table 3. Comparison of RMS HOAs at Baseline and 6
Months Postop.

Parameter N Mean = SD | P value’
RMS HOA 165 0.09 £ 0.04 | <.001

4 mm pupil preop

4 mm pupil postop 6 mo | 165 0.12 £ 0.07

5 mm pupil preop 157 0.17 + 0.06 <.001

5 mm pupil postop 6 mo | 157 0.23 + 0.11

HOA = higher-order aberrations; preop = preoperatively; postop = post-
operatively; RMS = root mean square
#Wilcoxon signed-rank test.

at 6 months postoperatively. At 6 months, the magnitude
of error (mean difference between SIA and TIA)
was —0.09 + 029 D, and the mean angle of
error was —1.35 + 38.13 degrees. The correction index
(ratio of SIA and TIA) achieved was 0.97 + 0.36. Eyes
with manifest astigmatism of 3.00 D or more were
somewhat undercorrected.

Aberrometry Outcomes

Corneal aberrometry outcomes for both 4 mm and 5 mm
pupils are summarized in Table 3. The mean root mean
square HOAs showed a small but statistically significant
increase from preoperatively to 6 months for both 4 mm
and 5 mm pupils of 0.03 D and 0.06 D, respectively (P <
.001). The small increase in HOAs occurred despite the
improvement in mean CDVA from preoperatively to
6 months postoperatively.

Patient-Reported Outcomes

Patient-reported outcomes were determined using a
questionnaire based on the NEI-RQL-42 that was ad-
ministered preoperatively and 6 months after LASIK.
Questions were added about the frequency of visual dis-
turbances. The expanded questionnaire was not separately
revalidated.

Incidence of Photic Phenomena (Preop)
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Figure 8. Patient satisfaction without spectacles or contact lenses:
98% of patients were satisfied or extremely satisfied with their
uncorrected vision 6 months postoperatively.

Patients were asked about satisfaction with their vision
before and after LASIK. In response to the question, “Over
the last month, overall how satisfied are you with your
vision without using prescription spectacles or contact
lenses?”, 82 (98%) of 84 patients were extremely satisfied or
satisfied with their postoperative vision without spectacles
or contact lenses (Figure 8).

To ascertain the incidence of photic phenomena, patients
were asked a series of questions of the form, “Over the last
month, how much difficulty have you had with your
vision—overall due to X,” where X was starburst, glare, halos,
or double vision or ghost images. The percentage of patients
experiencing glare, halos, starburst, or ghosting/double vi-
sion none of the time was lower at 6 months compared with
that preoperatively, but the differences were not statistically
significant (Figure 9).

Patients were asked a series of questions about symptoms
that might be attributable to dryness. There was a decrease
in the prevalence of patients experiencing soreness or

Incidence of Photic Phenomena (6 months postop)
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Figure 9. Patient-reported overall incidence of various photic phenomena preoperatively and 6 months postoperatively. There was an
increase in the numerical percentage of patients experiencing no glare (54% vs 69%) and no halo (69% vs 71%) from preoperatively to 6
months postoperatively, but the differences were not statistically significant (P = .061 and P = .473, respectively).
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Dry Eye Symptoms (Preop)

M Dryness or Grittiness M Soreness or Irritation M Burning or Stinging

® Blurred Vision Sensitivity to Light

100% A
80%
60%

40%

Percentage of Patients

20%

0%
All of the

Most of the
time time time time time

None of the Some of the  Half of the

Response to Questionnaire

Dry Eye Symptoms (6 Months Postop)
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Figure 10. Patient-reported level of discomfort assessed through subjective patient questionnaire preoperatively and 6 months post-
operatively. There was a decrease in the percentage of patients experiencing soreness or irritation (P < .001) and stinging or burning (P = .021)
some of the time or more often from preoperatively to postoperatively. The other differences were not statistically significant.

irritation (P <.001) and burning or stinging (P = .021) some
of the time or more often from preoperatively to 6 months
postoperatively (Figure 10).

In response to the question, “Comparing your lifestyle
prior to LASIK, has the quality of your life improved?” at
6 months, 81 (96%) of 84 patients reported great im-
provement or improvement in their quality of life post-
operatively, and no patients reported a worse quality of life
(Figure 11). Nearly, all patients (83/4 [99%]) would rec-
ommend the LASIK procedure to their friends and
relatives.

DISCUSSION

This study was undertaken to determine whether the iDesign
system could produce superior results with a correcting
nomogram. At 6 months postoperatively, 98% eyes were
within +£0.50 D of emmetropia and 92% eyes had residual
refractive cylinder within +0.50 D. Monocular UDVA of
20/20 or better was achieved in 96% eyes and 20/16 or better
vision in 77% at 6 months. Patients reported high satisfaction
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Figure 11. Perceived improvement in quality of life 6 months

postoperatively: 96% patients reported improvement in their quality
of life postoperatively.
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(98%), reduced incidence of both photic phenomena and dry
eye symptoms, and improved vision-related quality of life
postoperatively. Nearly, all patients (99%) would recom-
mend the procedure to their friends and relatives. This study
supports the conclusion that WFG LASIK using this high-
resolution Hartmann-Shack aberrometer is a safe and ef-
fective treatment for myopia and myopic astigmatism.

We undertook this study because the study leading to the
U.S. FDA approval of this device achieved uncorrected acuity
results that were inferior to the U.S. FDA study of its pre-
decessor device, the WaveScan system, which used a lower-
resolution aberrometer. In the U.S. FDA study of the iDesign
system, the wavefront-measured sphere was used to treat
each eye, even if it differed from the manifest refraction
sphere (although a difference greater than 0.50 D was an
exclusion criterion). An average undercorrection of 0.46 D
resulted. The mean MRSE of —0.01 D at 6 months in this
study indicates that the new nomogram produces a more
accurate correction. The standard deviation (SD) of MRSE in
this study was £0.25 D, better than the +0.42 D reported in
the iDesign FDA study, suggesting that this nomogram also
reduces the dispersion of the refractive outcomes. The no-
mogram does not adjust the astigmatism correction, but the
close agreement of SIA to TIA indicates that no cylinder
adjustment nomogram is needed, except possibly for high
levels of preoperative astigmatism.

The nomogram presented in this study is not a table, as is
traditional, but a method of calculation to determine an
adjustment factor for the laser system. The calculation is
simple: one takes the difference between the manifest sphere
(for an infinite lane length) and the sphere calculated by the
iDesign system. This difference is entered as the sphere ad-
justment factor. The practical effect is to cause the iDesign
system to treat the manifest sphere instead of the iDesign
sphere. We believe this works more effectively than relying on
the iDesign sphere because patients sometimes accommodate
during the wavefront measurement. This is similar to the
approach taken by Subbaram and MacRae with the Zyoptix
system (Bausch and Lomb, Inc.)."”
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When the study was performed, the iDesign system could
only perform a sphere adjustment of +0.75 D, so patients in
which either eye required an adjustment outside of this range
were excluded. This range has since been expanded in the
United States to allow a sphere adjustment in the range —0.75
to +2.50 D. Because a statistically significant difference between
manifest refraction sphere and iDesign sphere is usually caused
by accommodation of the eye, this expanded range on the plus
side allows for treatment of virtually all eyes with this no-
mogram. The nomogram is simple to use in practice: there is a
user option in the iDesign system that does this nomogram
calculation automatically.

Refractions were performed at 4 m on ETDRS charts. The
mean MRSE was —0.01 D, suggesting optimal focus at 4 m
on average. To optimize vision at infinity, a user may elect
to add —0.25 D to the sphere adjustment to compensate for
the 4 m distance at which refractions were performed.

One contributing factor to the difference between the
iDesign and WaveScan FDA PMA studies is that the iDesign
system was tested on a more challenging population than the
WaveScan was. Eyes with a myopic spherical equivalent up
to —12.00 D with cylinder up to —8.00 D could be enrolled in
the iDesign study, whereas the WaveScan PMA study enrolled
eyes only up to —6.00 D of sphere (written in minus cylinder
form) with up to —3.00 D of cylinder. The mean preoperative
myopia was —6.21 D in the iDesign study. Although mean
preoperative MRSE was not reported for the WaveScan study,
the median MRSE was between —3.00 and —4.00 D, so the
WaveScan study enrolled a patient population with a lower
level of myopia and astigmatism that, historically, has resulted
in more predictable outcomes. The WaveScan PMA study did
report UDVA stratified by preoperative MRSE, which allows
comparison of the iDesign results with a similar population of
WaveScan eyes. In the WaveScan PMA study, 72% of eyes
with a preoperative MRSE between —5.00 and —6.00 D
achieved 20/20 or better vision, a lower percentage than
iDesign achieved overall in its PMA study.

In this study, a range of patient-reported outcomes
were assessed. Nearly, all patients were satisfied with their
postoperative vision. Patient satisfaction rate achieved in
this study was similar to that previously reported in the
Patient-Reported Outcomes with Laser In Situ Kerato-
mileusis (PROWL) studies, which documented a satis-
faction rate of 96% to 98% following LASIK."® Similar to
the PROWL outcomes, we also found a modest reduction
in the overall incidence of photic phenomena, including
halo, glare, and starburst, and improvement in dry eye
symptoms from baseline to 6 months.

WEFG LASIK was originally developed with the in-
tention of lowering postoperative HOAs. We observed a
small (0.03 pm for a 4 mm pupil and 0.06 pm for a 5 mm
pupil) but statistically significant increase in the mean
root mean square HOAs from baseline to 6 months.
Postoperative HOAs were still within the physiological
range for normal, healthy populations.'”*’ The im-
provement in mean CDVA from preoperatively to
6 months postoperatively in the study population sug-
gests that the small increase in HOAs had limited clinical

significance because it did not impair quality of vision.
Similar results have been observed in previously pub-
lished studies that evaluated the aberrometry outcomes
after high-resolution WFG LASIK.”'*"”

This prospective study, to our knowledge, is the first
multicenter study of WFG LASIK with a commercially
available high-resolution aberrometer to be reported. The
refractive outcomes obtained in this study are comparable
with or better than previously published studies of WEG
LASIK with the iDesign system.”'”"'>'**!"** The SD of the
MRSE at 6 months was 0.25 D, less than the SD of manifest
refraction of 0.40 D.”* In other words, this system and
nomogram together produce laser corrections whose ac-
curacy is largely limited by the accuracy of manifest re-
fraction, suggesting that the laser engineering and the
wavefront measurements create little variability in the
outcome. It may be that this system and other modern laser
systems are approaching a level of accuracy where further
innovation in engineering is of limited value in improving
refractive outcomes.
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WHAT WAS KNOWN

* Wavefront-guided (WFG) customized ablation treatments
were developed to improve the refractive and visual out-
comes of LASIK.

® The latest WFG system, the iDesign system, was approved
by the U.S. Food and Drug Administration (FDA) with
manufacturers default settings that produced a consistent
undercorrection, resulting in only 83% of eyes achieving 20/
20 or better vision in the U.S. FDA study.

WHAT THIS PAPER ADDS

® In this prospective multicenter study, a new nomogram for
the iDesign system using the manifest refraction sphere to
guide the treatment improved mean manifest refraction
spherical equivalent to —0.01 + 0.25 D at 6 months and
uncorrected vision to 20/20 or better in 96% of eyes.
Patient reported outcomes, including glare, halos, starburst,
and symptoms of dry eye, improved from preoperative to 6
months postoperatively.
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