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Outcomes of wavefront-guided
laser in situ keratomileusis using
a new-generation Hartmann-Shack aberrometer
in patients with high myopia
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PURPOSE: To evaluate refractive and visual outcomes of wavefront-guided laser in situ
keratomileusis (LASIK) to correct high myopia using a new Hartmann-Shack aberrometer.

SETTING: Optical Express, Glasgow, United Kingdom.

DESIGN: Retrospective noncomparative case series.

METHODS: Data of eyes that had wavefront-guided LASIK for high myopia and myopic
astigmatism (spherical equivalent [SE] between �6.00 diopters [D] and �10.25 D, up to 5.00 D
of cylinder) were analyzed. The treatment profile was derived from a new-generation Hartmann-
Shack aberrometer (iDesign Advanced Wavescan). Visual acuities, refractive outcomes, vector
analysis of refractive cylinder, and patient satisfaction were assessed. Three-months data are
presented.

RESULTS: Data were obtained for 621 eyes. The mean manifest SE reduced from �7.28 DG 1.05
(SD) (range �10.25 to �6.00 D) preoperatively to �0.09 G 0.44 D (range �2.13 to C1.38 D) at
3 months. The mean manifest cylinder changed from �1.02 G 0.82 D (range �5.00 to 0.00 D) to
�0.27 G 0.33 D (range �1.75 to 0.00 D) postoperatively. The percentage of eyes achieving an
uncorrected distance visual acuity 20/20 or better was 82.4% monocularly and 92.5% binocularly.
The mean correction ratio of refractive cylinder was 1.02G 0.48, and the mean error of angle was
�0.29 G 14.56 degrees. A postoperative questionnaire revealed high satisfaction with the out-
comes of the procedure, with low scores for night-vision phenomena.

CONCLUSION: The results in this study were promising in terms of safety, efficacy, and predictabil-
ity in eyes with high degrees of myopia.

Financial Disclosure: Dr. Schallhorn is a consultant to Abbott Medical Optics, Inc. No other author
has a financial or proprietary interest in any material or method mentioned.
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Eyes with high refractive error present a challenging
group for keratorefractive procedures. These eyes
require deeper ablation, and a greater change in the
corneal shape is therefore induced. This results in an
increased healing response with a corresponding
reduced refractive predictability. Previous studies
also found a direct correlation between the magnitude
of refractive correction and induced changes in higher-
order wavefront aberrations following laser abla-
tion.1,2 Specifically, spherical aberration was found to
have the highest impact as it systematically increases
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with the amount of attempted spherical correction
with conventional excimer lasers.3 However, this
increase is not unusual, even with the use of
wavefront-guided ablation profiles.4,5 When treating
eyes with high ametropia, the ability to accurately es-
timate preoperative refractive error, precisely deter-
mine the axis of astigmatism, and quantify ocular
higher-order aberrations (HOAs) is crucial.

The aim of the current study was to evaluate the vi-
sual outcomes, predictability, and accuracy of astig-
matic correction of wavefront-guided laser in situ
http://dx.doi.org/10.1016/j.jcrs.2015.10.007
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Table 1. Patient satisfaction questionnaire (mean follow-up
3.1 G 1.1 months; n Z 371 patients).

Questions Responses

Thinking about your vision during the
last week, how satisfied are you with
your vision? (without the use of glasses
or contact lenses) (%)
Very satisfied 52.6
Satisfied 38.6
Neither 4.3
Dissatisfied 4.1
Very dissatisfied 0.3

Because of your eyesight, how much
difficulty do you have driving at night? (%)
No difficulty at all 57.0
A little difficulty 25.5
Moderate difficulty 5.0
A lot of difficulty 2.6
I am unable to drive at night because

of my vision
1.5

I do not drive at night for other reasons 8.4
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keratomileusis (LASIK) in patients with high myopia
and highmyopic astigmatism using an ablation profile
derived from a recently developed Hartmann-Shack
aberrometer.

PATIENTS AND METHODS

This retrospective noncomparative study evaluated eyes of
patients who had LASIK for high myopia. The study was
deemed exempt from full review by the Committee on Hu-
man Research at the University of California, San Francisco,
because it used only retrospective de-identified patient data.
Informed consent to have the LASIK procedure was ob-
tained from all patients.

Records of LASIK procedures without patient identifiers
were extracted from an electronic database using the
following criteria: primary LASIK procedure performed
with the Visx Star S4 IR excimer laser (Abbott Medical
Optics, Inc.) using a wavefront-guided ablation profile
(AdvancedCustomvue, AbbottMedical Optics, Inc.) derived
from a new aberrometer (iDesign) between December 2013
and April 2014, preoperative manifest spherical equivalent
(SE) between �6.0 diopters (D) and �12.0 D with no more
than 6.0 D of refractive cylinder, postoperative refractive
target emmetropia, successful completion of 1- and
3-month postoperative visits, and no prior refractive proce-
dures. The data extraction techniques have been described.6

Exclusion criteria for treatment were a corrected distance
visual acuity (CDVA) of less than 20/20, age less than 18
years, any active ophthalmic disease, history of ophthalmic
disease, concurrent medications or medical conditions that
could interfere with corneal healing, abnormal corneal
shape, and calculated postoperative corneal stromal bed
thickness less than 250 mm in each eye. Soft contact lens
wearers were asked to discontinue use at least 1 week prior
to the procedure. Hard contact lens users, either poly(methyl
methacrylate) or rigid gas permeable, removed their lenses
at least 3 weeks prior to baseline measurements and had 2
central keratometry (K) readings and 2 manifest refractions
taken at least 1 week apart that did not differ by more than
0.50 D in either meridian.

The baseline examination includedmanifest and cyclople-
gic refractions, monocular and binocular uncorrected dis-
tance visual acuity (UDVA), CDVA using a calibrated
projected eye chart, low-light pupil diameter, slitlamp bio-
microscopy, dilated fundus examination, applanation
tonometry, corneal topography, ultrasound pachymetry,
and wavefront aberration measurement.

Postoperative examinations were conducted at 1 day, 1
week, and 1 and 3 months. On the first postoperative day,
a detailed slitlamp examination was performed to evaluate
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flap position and the integrity of the cornea. At the subse-
quent postoperative visits, the same preoperative exami-
nation protocol (excluding cycloplegic refraction, pupil
diameter, topography, and pachymetry) was used. As
part of current practice, all patients were asked to com-
plete a questionnaire during their postoperative visits. It
was self-administered by the patient using a password-
protected and secure computer terminal in an isolated
area of the clinic. The questionnaire responses were stored
in the secured Optical Express central database, which is
compliant with the International Organization for Stan-
dardization 27001 for information security management
systems.A The questionnaire was derived from the Joint
LASIK Study Task Force7 (Table 1). All response fields
used a Likert scale to obtain the patient's preferences or
degree of agreement. Night-vision phenomena such as
starburst, glare, halo, ghosting, and double vision were
rated on the scale from 1 (no difficulty) to 7 (severe
difficulty).
Surgical Technique
All LASIK procedures were performed by 21 experienced
surgeons certified to use the equipment. Corneal flaps were
Would you recommend vision correction
surgery to your friends and relatives? (%)
Yes 96.4
No 3.6

Night-vision phenomena scores measured
on scale from 1 (no difficulty) to 7 (severe
difficulty), mean G SD (median)
Visual phenomena

Starburst 1.93 G 1.36 (1)
Glare 1.86 G 1.26 (1)
Halo 1.88 G 1.29 (1)
Ghosting/double vision 1.42 G 0.95 (1)
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Table 2. Nomogram for physician adjustment based on preop-
erative cylinder values obtained with the aberrometer.

Preoperative Cylinder on
Aberrometry (D) (Range)

Physician Adjustment
for Sphere (D)

0.00, 0.25 �0.25
0.26, 0.75 �0.13
0.76, 1.00 0.00
1.01, 2.00 0.20
2.01, 3.00 0.40
3.01, 4.00 0.60
4.01, 5.00 0.80
5.01, 6.00 1.00
6.01, 7.00 1.20
7.01, 8.00 1.40
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created by a femtosecond laser (iFS, Abbott Medical Optics,
Inc.). The diameter of the femtosecond flaps ranged from 8.0
to 9.2 mm, and the programmed depth ranged from 100 to
120 mm. After the flaps were lifted, the programmed treat-
ment was applied after iris registration was achieved. All
surgical procedures were performed under topical anes-
thesia. Standard postoperative treatment was administered
to all patients, consisting of topical levofloxacin 0.5% and
topical prednisolone acetate 1.0% 4 times a day for 1 week
and preservative-free artificial tear drops as needed.

The ablation profile was derived from the Hartmann-
Shack aberrometer (iDesign). This device is based on the
Wavescan system (Abbott Medical Optics, Inc.) but has a
number of differences in design. The sensor has higher reso-
lution and a larger field of view and uses an enhanced iris-
registration algorithm. Unlike its predecessor Wavescan, it
does not precompensate for the cylindrical component of
the optical path, so the measured cylinder is determined
J CATARACT REFRACT SURG - V
from the wavefront reconstruction. All the other features of
this aberrometer have been previously described.8

A nomogram was used to adjust the sphere according
to the magnitude of the aberrometer-derived cylinder
(Table 2). This is a manufacturer-recommended nomogram
intended to reduce apparent sphere overcorrection associ-
ated with correcting high cylinder.
Statistical Analysis
Parametric statistics were used to analyze differences be-
tween preoperative and postoperative outcomes (paired Stu-
dent t test). The safety index (mean postoperative CDVA/
mean preoperative CDVA) and efficacy index (mean post-
operative UDVA/mean preoperative CDVA) were calcu-
lated. The Pearson correlation coefficient was used to
calculate the correlation between continuous variables, and
the Spearman correlation coefficient was used to assess
correlations of questionnaire responses to other variables.
Additionally, vector analysis of the change in refractive cyl-
inder was performed using a previously described tech-
nique.9 All data were analyzed using Excel 2007 software
(Microsoft Corp.) and Statistica (Statsoft, Inc.) on a personal
computer. A P value equal to 0.5 was considered significant.

RESULTS

This study included 621 eyes of 381 patients who had
primary myopic LASIK with an ablation profile
derived from the new Hartmann-Shack aberrometer.
The mean patient age was 34.0G 9.7 years (SD) (range
19 to 63 years). One hundred forty-one patients (37.0%)
were men and 240 (63.0%) were women. The mean
preoperative mesopic pupil size was 6.5 G 0.9 mm
(range 4 to 9 mm), and the mean K value was 44.0 G
1.5 D (range 39.75 to 49.00 D).
Figure 1. Cumulative monocular
and binocular UDVA 3 months
postoperatively (UDVA Z uncor-
rected distance visual acuity).
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Figure 2. Safety: comparison of
preoperative versus postoperative
CDVA 3 months postoperatively
(CDVAZ corrected distance visual
acuity).
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Visual Acuity
Figure 1 displays the postoperative cumulative
UDVA. The percentage of eyes achieving monocular
UDVA 20/20 or better at 3 months was 82.4% (512
eyes). In patients who had treatment in both eyes,
the percentage of eyes achieving binocular UDVA
20/20 or better was 92.5% (222 of 240 patients). Loss
of 2 or more lines of CDVA was recorded in 6 eyes
(1.0%), and a gain of 1 or more lines of CDVA was
observed in 140 eyes (22.5%). Patients who lost 2 lines
of CDVA were diagnosed with superficial punctate
keratitis at the time of the 3-month visit, but their is-
sues were resolved at subsequent visits, and the
CDVA returned to the preoperative level. Comparison
of preoperative and postoperative CDVA is displayed
in Figure 2. The efficacy and safety indices at 3 months
were 0.92 and 1.02, respectively.
Table 3. Preoperative and postoperative outcomes (n Z 621 eyes).

Parameter

Preoperative 1 Mo Pos

Mean G SD Range Mean G SD

Manifest sphere (D) �6.77 G 1.05 �10.25, �4.00 C0.09 G 0.40 �
Manifest cylinder (D) �1.02 G 0.82 �5.00, 0.00 �0.27 G 0.34 �
Manifest SE (D) �7.28 G 1.05 �10.25, �6.00 �0.04 G 0.40 �
Monocular UDVA

(logMAR)
1.32 G 0.14 0.54, 1.60 �0.03 G 0.10 �

CDVA (logMAR) �0.06 G 0.05 �0.18, 0.00 �0.07 G 0.05 �

CDVA Z corrected distance visual acuity, SE Z spherical equivalent; UDVA Z u
*Paired t test
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Refractive Outcomes
There was a statistically significant reduction in
manifest sphere and cylinder and manifest SE postop-
eratively (Table 3). At 3 months, 82.6% (513 eyes) and
95.0% (590 eyes) had a manifest SE within G0.50 and
G1.00 D, respectively. Figure 3 shows predictability of
the manifest SE (scattergram of attempted versus
achieved manifest SE). There was a strong and statisti-
cally significant correlation between the attempted
and achieved manifest SE (rZ 0.92, P! .01). A linear
regression of the attempted versus achieved manifest
SE had a slope of 0.95 and intercept of �0.3
(Figure 3). There was also a statistically significant cor-
relation between the magnitude of the preoperative
manifest SE and the magnitude of the residual postop-
erative SE refraction (r Z 0.17, P ! .01). Figure 4
displays the distribution of postoperative manifest SE.
top P Value*
(Preop
to 1 Mo)

3 Mo Postop P Value*
(1 Mo

to 3 Mo)Range Mean G SD Range

1.25, C1.50 !.01 C0.04 G 0.44 �1.50, C2.00 !.01
2.50, 0.00 !.01 �0.27 G 0.33 �1.75, 0.00 .85
1.50, C1.25 !.01 �0.09 G 0.44 �2.13, C1.38 !.01
0.18, 0.48 !.01 �0.03 G 0.11 �0.18, 0.70 .02

0.18, 0.18 !.01 �0.07 G 0.05 �0.18, 0.22 .92

ncorrected distance visual acuity

OL 41, SEPTEMBER 2015



Figure 3. Attempted manifest SE (MSE) correction against achieved
correction at 3 months. The solid green line represents manifest SE
within 1.00 D. The dashed green line represents manifest SE within
0.50 D of emmetropia. The solid red line is the linear regression.

Figure 5. Surgically induced refractive correction (SIRC) plotted
against intended refractive correction (IRC). The solid green line rep-
resents the error of magnitude within 1.00 D, and the dashed green
line represents error of magnitude within 0.50 D of emmetropia. The
solid red line is the linear regression.
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Vector Analyses of Refractive Astigmatism
Figure 5 plots the surgically induced refractive
correction against the intended refractive correction.
A strong and statistically significant correlation was
found between the 2 variables (r Z 0.91, P ! .01).
Table 4 summarizes the mean values for vector anal-
ysis of the change in refractive astigmatism. The per-
centage of eyes with error of magnitude (difference
between surgically induced refractive correction and
intended refractive correction) within G0.25 D and
G0.50 D was 75.9% (471 eyes) and 91.6% (569 eyes),
respectively. A negative correlation was found
J CATARACT REFRACT SURG - V
between the correction ratio and themagnitude of pre-
operative cylinder (rZ�0.22, P! .01), indicating that
higher values of preoperative refractive cylinder were
undercorrected. Figure 6 depicts the mean correction
ratio stratified by the amount of preoperative refrac-
tive cylinder. Figure 7 displays the double-angle plot
of preoperative and postoperative manifest cylinder.
The preoperative centroid of 0.67 D � 94� and the
shape of the ellipse (standard deviation of x and y
datapoints) in Figure 7, A, indicates the predominance
of preoperative with-the-rule astigmatism. Postopera-
tively, the centroid of refractive data shifted closer to
Figure 4. Distribution of manifest
SE 3 months postoperatively.
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Table 4. Vector analysis of refractive astigmatism changes at 1 and 3 months postoperatively. The mean intended refractive correction was
1.02 G 0.82 (range 0.00 to 5.00 D).

Vector Parameter

1 Mo (n Z 621) 3 Mo (n Z 621)

P Value*Mean G SD Range Mean G SD Range

IRC (D) d

SIRC (D) 1.06 G 0.78 0.00, 4.33 1.03 G 0.75 0.00, 4.26 .005
EV (D) 0.28 G 0.34 0.00, 2.50 0.27 G 0.33 0.00, 1.75 .77
EM (D) C0.04 G 0.32 �2.01, 1.22 C0.07 G 0.33 �1.24, 1.50 .005
EA (�) �0.72 G 15.38 �80.15, 85.00 �0.29 G 14.56 �83.35, 88.00 .54
ER 0.41 G 0.69 0, 7.00 0.37 G 0.60 0, 5.00 .18
CR 1.05 G 0.58 0, 7.95 1.02 G 0.48 0, 5.20 .13

CR Z correction ratio; EA Z error of angle; EM Z error of magnitude; ER Z error ratio; EV Z error vector; IRC Z intended refractive correction; SIRC Z
surgically induced refractive correction
*Paired t test
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the null point (0.18 D � 98�), and the size of the ellipse
reduced significantly (Figure 7, B).
Patient-Reported Outcomes
The mean follow-up for the patient satisfaction
questionnaire was 3.1G 1.1 months, with 371 patients
(97.4%) participating in the survey (Table 1). The per-
centage of patients claiming to be very satisfied or
satisfied with their vision was 91.2% (338 patients).
The mean score for night-vision disturbances was
close to 2, indicating only mild night-vision symptoms
were present. The numbers of patients scoring 4 or
more on the scale for night-vision phenomena (moder-
ate or severe difficulty) were as follows: starburst (nZ
62; 16.7%), glare (nZ 49; 13.1%), halo (nZ 53; 14.2%),
J CATARACT REFRACT SURG - V
and ghosting/double vision (n Z 17; 4.6%). Most of
the patients (nZ 306; 82.5%) reported having no diffi-
culty or only a little difficulty with nighttime driving.
Three hundred fifty-eight patients (96.4%) were
willing to recommend the procedure to family and
friends.

The satisfaction with postoperative vision was
correlated with the postoperative UDVA and the
magnitude of postoperative manifest SE (satisfaction:
rZ 0.18, P! .01; manifest SE: rZ 0.19, P! .01), sug-
gesting that patients with worse postoperative UDVA
and an outstanding postoperative refractive error
were more likely to be dissatisfied with their out-
comes. A weak but statistically significant correlation
was also found between the 3-month binocular
UDVA and the scores for halo, ghosting/double
Figure 6. Correction ratio (ratio
of the magnitude of surgically
induced refractive correction to in-
tended refractive correction) strati-
fied by the amount of preoperative
refractive cylinder.
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Figure 7. Double-angle polar plot of preoperative (A) and postoperative (B) refractive cylinder in plus cylinder form 3 months postoperatively
(n Z 621). The centroid is the mean of x and y datapoints, and the axes of each ellipse are twice the standard deviation of the x and y values.
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vision, and the difficulties with night driving (halo:
r Z 0.09, P Z .02; ghosting/double vision: r Z 0.08,
P Z .04; night driving: r Z 0.16, P ! .01).
DISCUSSION

Laser in situ keratomileusis in eyes with high myopia
still elicits much discussion. In the early years of
LASIK, attempts to treat extreme degrees of myopia
often resulted in poor visual outcomes, low predict-
ability, and significant regression.10–12 Over the past
decade, the upper limit of myopia correction has
been approximately 12.0 D, with intraocular surgical
options considered for higher levels.13–24

In our study, we achieved favorable results with
wavefront-guided LASIK in high myopes. At 3
months, 82.6% of eyes were within G0.50 D and
95.0% within G1.00 D of emmetropia. Monocular
and binocular UDVA of 20/20 or better were 82.4%
and 92.5%, respectively. Comparison with other
studies is difficult because of variations in the range
of preoperative myopia, length of follow-up periods,
the use of individual nomograms, and ablation
algorithms. Table 5 provides a literature review of
LASIK studies for myopia of similar degrees to
our study sample.13–22 This summary combines the
outcomes of conventional, wavefront-optimized,
and wavefront-guided ablation profiles and demon-
strates an increase in the predictability of refractive
and visual outcomes of high myopia treatment with
J CATARACT REFRACT SURG - V
improving technology over the years. The results in
our study are comparable with those previously pub-
lished. Some studies with superior results20 include
patients with much lower degrees of preoperative
refractive cylinder (up to 2.50 D) or were performed
on a small cohort of patients. In our dataset, the slope
of the linear regression of attempted versus achieved
manifest SE was 0.95 (Figure 3), which indicates an
overall undercorrection and that the results could
be improved with a nomogram refinement.

We achieved an efficacy index of 0.92 at 3 months.
This is comparable with the efficacy index of 0.96
in a large population study25 (32 569 eyes) of
wavefront-guided LASIK using the same laser and
the previous version of aberrometer of the same
manufacturer (Wavescan) in patients with lower de-
grees of myopia (manifest SE up to 6.0 D). Develop-
ment of a new nomogram that would account for a
slight undercorrection seen in our dataset might in-
crease the efficacy index in the future. A comprehen-
sive report by Yuen at al.26 evaluating outcomes of
LASIK performed in 37 932 eyes over a 10-year
period found a significant improvement in the effi-
cacy index from 0.78 in patients treated in 1998 to
0.93 in 2007 in a subgroup of patients with myopia
slightly lower than that in our study group (�5.0
to �10.0 D). Various lasers and ablation profile
algorithms were used in this study.

Although we could not analyze postoperative
HOAs in this retrospective study, quality of vision
OL 41, SEPTEMBER 2015



Table 5. Summary of literature on LASIK in eyes with high myopia.

Author/(Year)
Eyes
(n)

Follow-up
(Mo)

Excimer Laser
(Ablation Profile

Algorithm)

Preop Attempted MSE
Correction [D]

Mean G SD (Range)

Postop
MSE G0.50 D

(%)

Postop
MSE G1.00 D

(%)

UDVA
20/20 or
Better (%)

Loss of
2 Lines

CDVA (%)

Zaldivar et al.
(1998)13

119 4.5 Nidek EC–5000
(conventional)

�8.62 G 1.27
(�5.5, �11.5)

56 83 22 1.20

Kim et al.
(2004)14

324 12 Nidek EC–5000
(conventional)

�7.91 G 1.26
(�6.0, �11.50)

63.3 80.6 71.6 0.6

Gazieva et al.
(2011)15

326 3 Mel–70 (conventional) �8.92 G 2.08
(�5.50, �11.0)

17* 39* d 0.60

354 3 Mel–80 (conventional) �8.08 G 1.85
(�5.50, �11.0)

34* 60* d 0.60

Kojima et al.
(2008)16

320 O3 Visx Star S2 and S4
Technolas 217z
Ladarvision 4000
(combination of
conventional and
wavefront-guided)

�7.54 G 1.43
(�6.0, �10.0)

56.9 86.1 73.6 1.39

de Benito–Llopis
et al. (2008)17

114 3 Technolas 217C (not
specified)

�8.74 G 1.20 D
(�7.00, �13.75)

79 94 44.7 6.10

Bababeygy et al.
(2008)18

89 3 Visx Star S4 (wavefront-
guided)

�8.10 G 0.98
(�6.00, �10.63)

74.2 94.4 d 0

Kulkamthorn
et al. (2008)19

43 3 Visx Star S4 (wavefront-
guided)

�7.38 G 1.20 D (–) 82 97.6 58 0

Stonecipher
et al. (2010)20

141 6 Allegretto Wave
200 Hz (wavefront-
optimized)

�(�6.0, �12.0) 86 d 77 0

65 6 Allegretto Wave
400 Hz (wavefront-
optimized)

�(�6.0, �12.0) 100 d 92 0

Vega–Estrada
et al. (2012)21

29 6 Schwind Amaris
(wavefront-optimized)

�8.39 G 0.93
(�6.75, �11.25)

d 89.6 d d

Alio et al. (2011)22 51 6 Schwind Amaris
(wavefront–optimized)

�8.66 G 1.13
(�6.75, �13.00)

84.3 90.2 80.4 0

Current study 621 1 Visx Star S4 (wavefront-
guided)

�7.28 G 1.05
(�6.0, �10.25)

84.7 96.8 83.6 1.4

3 Visx Star S4 (wavefront-
guided)

82.6 95.0 82.4 1.0

CDVA Z corrected distance visual acuity; MSE Z manifest spherical equivalent; UDVA Z uncorrected distance visual acuity
*Postoperative emmetropia was aimed for in approximately 70% of eyes in this study
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could be, to some extent, approximated by the subjec-
tive scores for night-vision phenomena such as glare,
halo, starburst, and ghosting/double vision. The
mean scores for these optical side effects (measured
on a scale from 1 Z no difficulty to 7 Z severe diffi-
culty) were close to 2 (Table 1) with a median of 1,
indicating that only mild symptoms were present.
Yu at al.27 reported scores for optical side effects after
myopic wavefront-guided LASIK for a lower range
of myopia (manifest SE %�8.0 D and refractive cylin-
der %�3.0 D) using a 10-point scale in reverse order
and found mean scores similar to those presented in
our study (glare 7.89, halos 8.37, double vision 9.65,
J CATARACT REFRACT SURG - V
ghost images 9.48). Considering the 6-month results
presented in that study,27 our scores might continue
to improve beyond the 3-month follow-up. The per-
centage of patients willing to recommend the proce-
dure to family or friends (96.4%) was similar to the
score of 96.5% reported in the study of 13 655 patients
who had wavefront-guided laser treatment in a wide
range of ametropia (manifest SE between �11.63 D
and C6.00 D).28 Patients who reported being dissat-
isfied or very dissatisfied with the outcomes of the
procedure (Table 1) were mainly those with a postop-
erative refractive error and corresponding reduced
UDVA.
OL 41, SEPTEMBER 2015
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Vector analysis was performed to evaluate the
change in refractive cylinder. At 3 months, we found
a mean error of magnitude of C0.07 G 0.33 D (arith-
metic difference of the magnitudes between surgi-
cally induced refractive correction and intended
refractive correction) and a minimal mean error of
angle of �0.29 G 14.56 degrees (angular difference
between attempted treatment and achieved treat-
ment), indicating that the treatment was aligned
correctly. A correction ratio (ratio of the magnitude
of surgically induced refractive correction to intended
refractive correction) is a numerical expression of the
possible overcorrection or undercorrection of refrac-
tive cylinder. An ideal correction ratio would be 1,
whereas a correction ratio of less than 1 indicates
overcorrection and a correction ratio over 1 indicates
overcorrection. We achieved the mean correction ra-
tio of 1.02 G 0.48. This is consistent with our previ-
ous report8 in which the correction ratio for a
smaller sample of patients (n Z 243) and wider range
of manifest SE (�0.38 to �9.88 D) was 1.02 G 0.30.
The correction ratio was lower for higher amounts
of cylindrical correction (Figure 6). There is a varia-
tion in reported correction ratios for treatment of
astigmatic error with different lasers and platforms.
For example, in U.S. Food and Drug Administration
(FDA) preapproval studies,B the correction ratio
varies between 0.88 to 1.42 for all FDA lasers
approved in the past 10 years, and the variations
can be even higher for subcategories of different mag-
nitudes of preoperative astigmatism. To improve our
results further, a slight adjustment to the astigmatic
correction nomogram might be necessary, mainly in
cases with higher amounts of preoperative refractive
cylinder in which undercorrection was obvious
(Figure 5). However, a subcategory of patients with
high astigmatism was small in this study, and a sepa-
rate analysis would have to be performed to confirm
this.

Despite some limitations of this study, such as its
retrospective nature and absence of postoperative
HOA measurement, this study demonstrated our
experience with the new Hartmann-Shack aberrome-
ter in the treatment planning of high myopia in a large
number of cases. Although LASIK enjoys worldwide
popularity, studies reporting the results of high
myopia treatment in a large cohort of patients are
rare. In summary, high efficacy, predictability, and ac-
curate astigmatic correction were achieved in patients
with high preoperative ametropia. Further improve-
ment could be expected with nomogram adjustment,
and a longer follow-up is needed to evaluate refractive
stability.
J CATARACT REFRACT SURG - V
WHAT WAS KNOWN

� Excimer laser ablation in patients with high myopia is
often associated with a reduced refractive predictability
and an induction of HOAs.

� The quality of preoperative scanning equipment is crucial
in treatment planning in this particular group of patients.

WHAT THIS PAPER ADDS

� The use of a new Hartmann-Shack aberrometer in eyes
with high myopia showed promising results with low
scores for postoperative night-vision disturbances.

� Predictability of refractive outcomes was comparable with
that in other published studies and could be improved
further with nomogram refinement.
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