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Wavefront-guided refractive surgery results of training-surgeons

Resultados das cirurgias refrativas guiadas por frentes de ondas de cirurgiões em treinamento

IANE STILLITANO1 , ESTER YAMAZAKI1, LUIZ ALBERTO MELO JR.1, JULIANA BOTTOS1, MAURO CAMPOS1

INTRODUCTION

A s refractive surgery has become widespread, its investi-
gation has increasing efforts to develop more sofisticated
technicques for correcting visual errors. The modern

surgery is heading toward wavefront-guided customized

ablation with the aim of treating not only lower-order aber-
rations, but also individual higher-order aberrations(1-3).

The effectiveness, predictability, stability and safety of wa-
vefront-guided laser in situ keratomileusis (LASIK) and pho-
torefractive keratectomy (PRK) for low and moderate myopia
have been widely reported. However, there is evidence to
support that both procedures may change higher-order
aberrations(4-10).

With an estimated 1.5 million annual refractive surgeries
performed worldwide, fellowship programs have increased
exposure to this procedure over the past few years(11). The
Refractive Surgery Survey 2004 showed that wavefront-gui-
ded ablation increased (71.6%) more than the year before(12).

Is there a long-term difference between lamellar abla-
tion and surface ablation in customized myopic treatments
performed by surgeons-in-training? There are few data
about standard refractive surgery performed by less experien-
ced surgeons and up to now there are no reports related to
learning curve in customized ablation.

ABSTRACT
Purpose: To assess clinical outcomes and changes on higher-order aberrations
(HOA) after wavefront-guided laser in situ keratomileusis (LASIK) and photore-
fractive keratectomy (PRK) for correction of myopia and myopic astigmatism
performed by training-surgeons.
Methods: One hundred and seventy patients had customized LASIK (207
eyes) and PRK (103 eyes) performed by surgeons in-training using the
LADARVision 4000 (Alcon, Fort Worth, TX). Preoperative and 1, 3, 6 and 12
months postoperative data of spherical equivalent (SE), best spectacle-cor-
rected visual acuity (BSCVA) and uncorrected visual acuity (UCVA) were ana-
lysed. Wavefront changes were determined using the LADARWave Hartmann-
Shack wavefront aberrometer and the pupil size was scaled for 6.5 mm.
Results: The mean SE in the LASIK group was -3.04 ±1.07 D and in the PRK
group was -1.60 ± 0.59 D. At 1-year follow-up, (80.6%) (LASIK) and (66.7%) (PRK)
were within ± 0.50 D of the intended refraction. The UCVA was 20/20 or
better in (58.1%) (LASIK) and (66.7%) (PRK) of the operated eyes. A statistically
significant positive correlation was found between achieved versus attempted
refractive correction in both groups: LASIK (r=0.975, P<0.0005) and PRK (r=0.943,
P<0.005). The higher-order aberrations (HO) RMS and coma did not changed
signicantly in the PRK group between preoperative and 1-year follow-up. In the
LASIK group the HO RMS and coma changed between preoperative and
1-month postoperative but remained statistically unchanged during 1-year
follow-up. The spherical aberration showed statistically significant changes in
both groups.
Conclusions: Wavefront-guided LASIK and photorefractive keratectomy per-
formed by training-surgeons were found to be similarly effective, predictable
and stable.

Keywords: Keratomileusis, laser in situ; Photorefractive keratectomy/methods;
Myopia/surgery; Astigmatism/surgery; Laser, excimer; Refraction, ocular;
Refractive surgical procedures; Visual acuity; Ophthalmology/education

RESUMO
Objetivo: Avaliar os resultados clínicos e mudanças nas aberrações de alta-
ordem (HOA), após ceratomileuse assistida por excimer laser in situ (LASIK) e
ceratectomia fotorrefrativa (PRK) guiados por frentes de onda para correção
da miopia e astigmatismo miópico realizada por cirurgiões em treinamento.
Métodos: Estudo prospectivo de 170 pacientes submetidos a LASIK persona-
lizado (207 olhos) e PRK (103 olhos) realizados por cirurgiões em treinamento
utilizando o LADARVision 4000 (Alcon, Fort Worth, TX). Dados do equivalente
esférico (SE), melhor acuidade visual corrigida (BSCVA) e acuidade visual não
corrigida (UCVA) foram analisados no pré-operatório e com 1, 3, 6 e 12 meses
de pós-operatório. As alterações de frentes de onda foram determinadas usan-
do o aberrômetro Hartmann-Shack (LADARWave)e o tamanho da pupila foi
determinado para 6,5 mm.
Resultados: A média do SE no grupo de LASIK  foi -3,04 ± 1,07 D e no grupo de
PRK foi -1,60 ± 0,59 D. No seguimento de um ano, (80,6%) (LASIK) e (66,7%) (PRK)
estavam dentro de ± 0,50 D de equivalente esférico. A UCVA foi de 20/20, ou
melhor, em (58,1%) (LASIK) e (66,7%) (PRK) dos olhos operados. Foi encontrada
correlação positiva estatisticamente significante entre correção refrativa
alcançada versus pretendida em ambos os grupos: LASIK (r=0,975, P<0,0005) e
PRK (r=0,943, P<0,005). O HO RMS e coma não alteraram significantemente no
grupo PRK entre pré-operatório e após um ano de seguimento. No grupo de
LASIK o HO RMS e o coma alteraram entre pré-operatório e 1º mês de pós-
operatório, mas permaneceram estatisticamente inalterados durante um ano
de seguimento. Houve alterações estatisticamente significantes da aberração
esférica em ambos os grupos.
Conclusões: O LASIK e o PRK guiados por frentes de onda, realizados por cirurgiões
em treinamento, mostraram ser similarmente eficazes, previsíveis e estáveis.

Descritores: Ceratomileuse assistida por excimer laser in situ; Ceratectomia
fotorrefrativa/métodos; Miopia/cirurgia; Astigmatismo/cirurgia; Lasers de ex-
cimer; Refração ocular; Procedimentos cirurgicos refrativos; Acuidade visual;
Oftalmologia/educação
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The purpose of our study was to assess clinical outcomes and
changes of higher-order aberrations (HOA) after wavefront-
guided Laser in Situ Keratomileusis (LASIK) and Photorefractive
Keratectomy performed by refractive fellows-in-training.

METHODS
STUDY DESIGN AND PATIENT SELECTION

This research was undertaken at the Refractive Surgery Sector
of Vision Institute of Federal University of São Paulo (UNIFESP) -
Brazil.

A prospective nonrandomized study from January 2004
through March 2005 comprised 310 eyes of 170 patients who
had customized LASIK (207 eyes) and PRK (103 eyes) was perfor-
med by 10 surgeons in-training, whom were assisted by an
experienced refractive surgeon present at all times, in the con-
text of a structured fellowship program.

The study was approved by the Ethical Committee of
UNIFESP. Informed Consent was obtained from all patients after
through explanation of the procedure and its potential bene-
fits and risks. Inclusion criteria included a myopic spherical equi-
valent of less than -12.00 D and at least 2 postoperative follow-
up visits. All patients were refractive surgery candidates for
myopia and myopic astigmatism and postsurgical emmetro-
pia was intended in all cases.

The exclusion criteria included severe dry eye, clinical or
topographic evidence of keratoconus, previous ocular surgery,
systemic diseases or therapy that might influence corneal wound
healing. After performing laser surgery the cases that required
retreatment were also excluded.

Preoperatively, all patients had a complete ophthalmic exa-
mination that correspond to the refractive sector routine in-
cluding the determination of manifest and cycloplegic refrac-
tion, uncorrected visual acuity (UCVA) and best spectacle-cor-
rected visual acuity (BSCVA) measured using Snellen acuity
charts. Also, pupillometry, applanation tonometry, biomi-
croscopy, fundoscopy, corneal topography, ultrassound and optical
pachymetry (ORBSCAN) and ocular wavefront aberration mea-
surement were performed.

Eyes were divided into 2 groups based on the surgical technic-
que: LASIK (group 1) and PRK (group 2).

In the LASIK group two types of microkeratomes were used
to create a superior hinge flap: Hansatome (Bausch & Lomb) and
Moria (Carriazo Barraquer). Surgeons used the Hansatome with
a 160 or 180 μm deph plate (65 eyes) and Moria was used with
a 160 μm plate (142 eyes). In PRK procedure the epithelium was
debrided mecanically using a blunt spatula.

Prior to performing any procedure, the fellows-surgeons
were required to practice with each microkeratome on wet
lab using animal eyes. Appropriate management of each com-
plication was discussed with the attending surgeon.

The procedures were performed with the LADARVision
4000 (Alcon, Fort Worth, TX). The optical zone was 6.5 mm, with
additional 1.25 transition zone in all cases. The LADARVisionTM

system uses a 0.8 mm, 60 Hz flying scanning spot with non-
sequential pulse placement. LADAR system uses a laser-based
tracking system that operates in a frequency of 4000 Hz.

Postoperative management of group 1 included adminis-
tration of one drop four times daily (q.i.d) of ciprofloxacin
cloridrate and dexametasone (1%) for 2 weeks and a lubricant
eyedrop during at least 3 months; group 2 a bandage soft
contact lens was applied immediately after surgery maintai-
ned until complete epithelial healing, one drop q.i.d of fluor-
metolone 0.1% for 24 hour, one drop q.i.d of ciprofloxacin, and
a artificial tears during at least 3 months until reepithiled.

Postoperative evaluation occurred at 1, 3, 6 month and 1-year
follow-up. Manifest and cycloplegic refraction, UCVA, BSCVA,
biomicroscopy, corneal topography and ocular wavefront aber-
ration measurement were evaluated.

Wavefront changes of HOA were determined for pupil
size of 6.5 mm with the LADARWave Shack-Hartmann wave-
front aberrometer, this device measures spherocylindrical refrac-
tive errors (defocus and astigmatism) and higher-order aber-
rations.

Data on UCVA, BSCVA, spherical equivalent (SE), higher-order
aberrations (HOA) root mean square (RMS), spherical aberra-
tion, total coma, vertical coma and horizontal coma were collec-
ted before and after surgery in both groups.

DATA ANALYSIS AND STATISTICAL METHODS

Data of clinical outcomes, linear regression and astigma-
tism vector analysis were registered at the Refractive Surgery
ConsultantTM Elite database software for analysis and calcula-
ted as means and standard deviations or frequencies. Linear
regression was used for evaluation of the relationship between
intended and achieved correction by Pearson’s correlation coef-
ficient (R) and regression coefficient (b) with a confidence inter-
val of 1.00 D.

Vector analysis was used to represent a surgically induced
refractive change (SIRC) by doubled angle plots that provide
a useful means to visually evaluate cylinder outcomes.They are
created for determining cylinder values to avoid having axis
shifts misrepresent astigmatic changes.

Student’s unpaired t-test was used to evaluate the diffe-
rences between the two groups for baseline values and for
postoperative (1 mo, 3 mo, 6 mo and 1yr) variation values. The t-test
for paired data was used to evaluate variations between peo-
perative and postoperative values for visual and aberration
parameters. A P value less than 0.05 was regarded as statistically
significant. This statistical analyses was performed using SPSS
Advanced Statistical 7.5 Software (Chicago, IL, 1997).

RESULTS
The mean age of patients undergoing LASIK was 31 years

(range 21 to 53 years) and (53.6%) were female. The mean age
of patients undergoing PRK was 32 years (range 21 to 51 years)
and (58%) were female.

The mean SE refraction in the LASIK group was -3.04 ± 1.07 D
(range -0.13 D to -6.46 D) and in the PRK group was -1.60 ± 0.59 D
(range -0.25 to -2.90). The mean programmed cylinder correc-
tion was -0.52 ± 0.47 D (range -0.10 to -2.58) in the LASIK eyes
and -0.45 ± 0.38 D (range 0 to -1.37 D) in the PRK eyes.

At 1-year postoperatively, (80.6%) in the LASIK group and
(66.7%) in the PRK group were within ± 0.50 D of intended
refraction (Table 1). The UCVA was 20/20 or better in (58.1%) and
20/30 or better in (100%) of LASIK eyes. The UCVA was 20/20 or
better in (66.7%) and 20/30 or better in (87.5%) of PRK eyes. In both
groups no eye lost ≥ 2 lines of BSCVA, (12.5%) in in the PRK group
and (3.2%) in the LASIK group gained 1 or more lines of BSCVA.

The mean residual SE refraction was +0.24 ± 0.45 D in the
LASIK eyes and +0.23 ± 0.54 D in the PRK eyes. The mean
residual cylinder was -0.28 ± 0.30 D (range 0 to -1.02 D) in the
LASIK group and -0.10 ± 0.18 D (range 0 to -0.51 D) in the PRK
group. The mean induced astigmatism at 1-year follow-up was:
0.68 ± 0.44 D in the LASIK eyes and 0.49 ± 0.45 D in the PRK
eyes (Figure 1). There was no statistically significant surgically
induced astigmatism (SIA) by magnitude or by axis.

The incidence of eyes requering retreatment was (1.75%)
(10 of 320 eyes).

A statistically significant and moderately positive correla-
tion was found between achieved versus attempted sphero-
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cylinder refractive correction in both group. The linear regres-
sion slope was positive in the LASIK (R=0.975, P<0.0005) and in
the PRK eyes (R=0.943, P<0.005) (Figure 2).

In the LASIK and PRK groups, there were statistically signifi-
cant changes in the optical aberrations (P<0.001) between preo-
perative and 1-month postoperative visits, except for the HO RMS
(P=0.16) and coma (P=0.60) in the PRK group. From 1-month to 12-
month postoperative visits, only the spherical aberration showed
statistically significant changes in both groups (Figures 3 and 4).

DISCUSSION
The main goal of our study was to evaluate refractive results

of fellow surgeons in-training and variations of induced higher-
order aberration in patients treated with wavefront-guided
LASIK and PRK, using the same laser system.

Long-term follow-up is an important step in the evalua-
tion of refractive outcomes. The results of 1-year follow-up
showed that customized LASIK and PRK procedure was safe,
effective and moreover, predictive and stable.

Figure 1.  Double angle plot analysis of induced astigmatism: LASIK (right) and PRK (left).

Table 1. Predictability of wavefront-guided LASIK and PRK during 1, 3, 6 months and 1 year-follow-up

Number of eyes (%)

Refractive 1 month 3 months 6 months  1 year

outcomes LASIK PRK LASIK PRK LASIK PRK LASIK PRK

± 0.5 116 (71.2) 62 (76.5) 92 (80.0) 40 (59.7) 61 (84.7) 45 (78.9) 25 (80.6) 16 (66.7)
± 1.0 151 (92.6) 78 (96.3) 106 (92.2) 63 (94.0) 70 (97.2) 54 (94.7) 29 (93.5) 23 (95.8)
<-1.0 1 (  0.6) 0 (  0.0) 2 (  1.7) 0 (  0.0) 0 (  0.0) 0 (  0.0) 0 (  0.0) 0 (  0.0)
<+1.0 11 (  6.7) 3 (  3.7) 7 (  6.1) 4 (  6.0) 2 (  2.8) 3 (  5.3) 2 (  6.5) 1 (  4.2)

Figure 2. Change Scattergram of attempted vs. achieved spherocylinder refraction of LASIK group (left) and PRK group (right).
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The safety can be measured by the effects on BSCVA. In both
groups, no patients lost 2 ou more lines of BSCVA, which is well
above as a safe requirement for the Food and Drug Administration
(FDA)(13).

Postoperative UCVA and how close the postoperative refrac-
tion is to emmetropia are used to determine the efficacy of
surgery. The UCVA was 20/40 or better in (100%) of LASIK group
and (91.7%) in PRK group.

We operated 310 eyes and only 55 completed 1 year follow-
up. Usually, patients who are satisfied with their vision tend not to
come back for postoperative visits. These patients who have ex-
tended follow-up are those in whom problems may have occur-
red, thus negatively biasing the values of UCVA.

Our study showed that (80.6%) (group 1) and (66.7%) (group 2)
were within ± 0.5 D of emmetropia at last visit and (93.5%) (group
1) and (95.8%) (group 2) within ± 1.0 D. These values are consistent
with the FDA requirements for predictability that require (50%)
within ± 0.5 D of emmetropia and (75%) within ± 1.0 D.

Correlation between achieved and attempted correction was
similar in both groups. Moreover, the achieved correction ex-
ceeded attempted correction after each one of the wavefront-
guided surgical procedures indicating a tendency to over-
correction.

The retreatment rate is a good indicator of the accuracy of
this surgery. Bowers at al. reported that the retreatment rate
of resident-performed conventional laser was 3 of 44 eyes
(6.8%). In our study, the retreatment rate of custom laser
surgery was 10 of 320 eyes (1.75%) some related to hipocor-
rection and flap complications.

In previous studies(14-17) authors have associated the LASIK
procedure with a learning curve in which a lower complication
rate is seen as more procedures are performed. Al-Swailem,
Wagoner(18) founded fellows were significantly more likely to
experience microkeratome-related flap complications during
their first 25 cases, compared with their second 25 cases (4.8%
vs 1.2%; P=0.03). However, there are other studies that demons-
trate no correlation among experience, efficacy, and safety(11,19).

In a study looking at the first LASIK surgery performed by
19 newly board-certified ophthalmologists(20), they found that
the results were similar to those of experienced surgeons. In
that study, (52.6%) achieved a UCVA of 20/20 or better, (84.2%)
had 20/40 or better, (78.9%) were within 0.5 D of emmetro-
pia. These results are consistent with our study and strengthen
the belief that lack of experience with LASIK surgery does not
correlate with a lack of safety and effectiveness if the surgeons
are adequately trained. In our study, the fellows performing
LASIK and PRK surgeries were always under the supervision and
guidance of an attending surgeon.

Some author in order to draw up a kind of learning curve
for PRK in the correction of myopia, evaluated the results of
160 consecutive unilateral treatments performed by four sur-
geons in a multicenter study group, with a one year follow up(17).
The mean values for each parameter were calculated by arbi-
trarily grouping the first 10 cases of each surgeon in the first
group (40 patients), the second 10 cases in the second group
(40 patients) and so on. They found that increase in UCVA and
final refractive error appeared to improve as the surgeon
became more experienced, while loss of BSCVA was not
significantly influenced by increased surgical experience.

The American Academy of Ophthalmology, evaluating
randomized trials comparing LASIK and PRK, found no signifi-
cant differences in safety and efficacy between the procedures
in the treatment of low to moderate myopia at 2 years(21). Both
PRK and LASIK were found to be similarly safe, effective and
predictable for the correction of low and moderate myopia(22).

Some authors(23) found PRK as a safe and stable surgical
procedure to correct myopic refractive errors, with no signifi-
cant change in mean postoperative spherical equivalent refrac-
tion in the long-term follow-up.

Although LASIK has surpassed PRK in popularity because of
faster visual recovery, less patient discomfort, and a lower like-
lihood of significant haze in highly myopic eyes, there are still
indications in which PRK is preferred over LASIK. These may
include patients with inadequate residual corneal stromal thi-
ckness and patients at increase risk for ocular trauma. In addition,
higher-order aberrations may be less severe after PRK than
after LASIK(10).

It was showed that wavefront-guided PRK induced a
smaller increase of postoperative wavefront-error compared
to conventional PRK, particularly in patients with higher preo-
perative higher-order aberrations(9).

Customized ablation algorithms are devised to cancel exis-
ting preoperative aberrations and prevent generation of new
aberrations(24).

The last Refractive Surgery Survey 2004 reported that (70.7%)
of respondents observed better results with customized abla-
tion and (67.7%) were willing to convert back to PRK if it
showed better results than wavefront-guided LASIK(12).

We compared our results of customized surgery with
results of conventional surgery from literature, performed by
training-surgeons (Table 2). We observed that our study sho-
wed better refractive outcomes than conventional surgeries.
We think that this occurred by one of two reasons: customized
surgery can perform more precise ablation or the preoperative
refraction is defined more precisaly.

Figure 4. Stability plot of mean higher-order aberrations post PRK over time.

Figure 3.  Stability plot of mean higher-order aberrations post LASIK over time.
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Analysis of total aberrations of the eye represents a direct
quantification of retinal image quality, and thus can be related
to visual performance(25). Several studies(6,26-27), based on total or
corneal surface ablation measurements, have demonstrated
that different corneal refractive surgery techniques (PRK,
LASIK), although reducing or completely correcting low order
aberration (myopia and astigmatism), induce and increase
higher order aberration, suggesting a degradation of overall
retinal image quality.

Some authors found an increase in higher-order corneal
aberrations in both LASIK and PRK, compared to the preope-
rative values(26). However they did not find differences in co-
ma-like aberrations between LASIK and PRK. They also report
a significant increase in the induction of spherical-like aberra-
tions in the LASIK group.

Different from Oshika et al., our study showed differences in
coma aberrations between LASIK and PRK. In PRK-eyes there
were not changes in coma. However we observed statistically
significant increase of spherical aberration in both groups from 1-
month to 12-month postoperative visits (wound remodeling)(27).

Collaborating to our results, Wallau et al(28) studying eyes with
moderate myopia, also found LASIK eyes induced a greater
higher-order aberration (p=0.01) than Mitomicin C-PRK eyes.

Palikaris et al, reported that the creation of a corneal flap
induced changes in 3rd- and 4th- order aberrations of the eye.
The largest increase was in spherical and coma like aberrations
along the horizontal axis(3).

Similar to Pallikaris et al., in the LASIK eyes, horizontal coma
changed from preoperative to 1-month postoperative although
remained statistically unchanged during 1-year follow-up. In the
other hand, in PRK-group this was not found.

There is an important limitation in our study: the difference in
spherical equivalent between groups. The PRK-group included
only low myopia. This factor may have led to better results related
to higher-order aberrations in this group than in the LASIK-group
that included low and moderate myopia.

Our study suggested that with the advancement in instrumen-
tation, the outcome from refractive surgery is becoming less
surgeon-dependent and the risk of intraoperative complication
can be reduced. We would caution that the study was conducted
in an academic setting with direct supervision. Generalize the
findings to the community requires further investigation.

The outcome of modern, uncomplicated excimer ablation is
remarkable, clearly the impact of higher order aberrations on visual
performance is still under investigation.

The evaluation of the results in refractive surgery should in-
clude also subjective parameters. This will allow to better correlate
the quality-parameters of the surgery to the patient’s expectations.

CONCLUSION
Wavefront-guided LASIK and PRK performed by training-

surgeons were found to be similarly effective, predictable and

stable when the outcomes are compared with outcomes of
experienced surgeons. Visual and refractive results did not
show any statistically significant difference between the groups
and in both groups all patients achieved good UCVA and
excelllent BSCVA.

Correlation between expected and achieved correction
was similar in both groups and treatment resulted in good
efficacy and stability in both groups up to 1 year follow-up.

The achieved refractive correction exceeded attempted
correction after each ones of the wavefront-guided surgical
proscedures. The HO RMS and coma did not changed signi-
cantly in the PRK eyes from preoperative to 1-year follow-up.
In the LASIK eyes the HO RMS and coma changed from preo-
perative to 1-month postoperative but remained statistically
unchanged during 1-year follow-up.
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