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PURPOSE: To evaluate the results of combined aspheric wavefront-guided transepithelial excimer
laser photorefractive keratectomy (PRK) and phototherapeutic keratectomy (PTK) to correct
aberrations and refractive errors after radial keratotomy (RK) or keratoplasty.

SETTING: Sekal Rovigo Microsurgery Centre, Rovigo, Italy.

METHODS: This retrospective noncomparative consecutive case series comprised eyes having cor-
neal wavefront-guided transepithelial PRK to correct aberrations followed by PTK (60 to 70 mm
depth) without masking fluid. Corneal wavefront topography and a flying-spot excimer laser
were used. Complete preoperative and postoperative ophthalmic examinations were performed.

RESULTS: The mean age of the 26 patients (35 eyes; 17 RK, 18 keratoplasty) at surgery was 47
years G 9 (SD) (range 29 to 72 years) and the mean follow-up, 7 G 2 months (range 6 to 15
months). Preoperatively, all eyes had irregular astigmatism ranging from 0.50 to 6.50 diopters
(D). At the last postoperative follow-up, the uncorrected distance visual acuity was better than
20/40 in 21 eyes (60%) and better than 20/20 in 6 eyes (17%); 25 eyes (71%) were within
G1.00 D of the attempted spherical equivalent manifest refraction (mean �0.58 G 1.06 D;
range �3.50 to C1.50 D). No eye lost Snellen lines of corrected distance visual acuity; 8 eyes
(23%) had an increase of more than 4 lines. Trace haze developed in 1 eye.

CONCLUSION: Simultaneous corneal wavefront-guided transepithelial PRK and PTK using an
excimer laser was safe and effective in correcting aberrations and refractive errors after RK or
keratoplasty.

Financial Disclosure: Neither author has a financial or proprietary interest in any material or
method mentioned. Additional disclosure is found in the footnotes.

J Cataract Refract Surg 2010; 36:1173–1180 Q 2010 ASCRS and ESCRS
The first excimer laser refractive–therapeutic surger-
ies were simple cylindric ablations to correct severe,
disabling astigmatism after keratoplasty,1 although
substantial regression limited the effectiveness. The
technique evolved to the more effective photorefrac-
tive keratectomy (PRK)2 and then laser in situ kerato-
mileusis (LASIK).3 The correction of classic
ametropia (myopia and astigmatism) after penetrat-
ing keratoplasty using PRK4 is less effective and
less predictable than PRK for naturally occurring my-
opia and astigmatism, and corneal haze and refrac-
tive regression are more prevalent. Current
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refractive–therapeutic surgery uses topography-
guided custom corneal ablations for irregular corneal
astigmatism after keratoplasty.5,6 Two-step proce-
dures, such as phototherapeutic keratectomy (PTK)
followed by custom PRK or LASIK with the lamellar
cut followed by ablation,7 have been proposed, as
has wavefront-driven custom ablation based largely
on corneal topography–derived wavefront analysis.8

Another option is simultaneous custom transepithe-
lial PRK with PTK,9 which combines the refractive ef-
fect of PRK and the therapeutic effect of laser-assisted
epithelial removal.
0886-3350/$dsee front matter 1173
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There has been similar advancement in methods to
treat residual myopia after radial keratotomy (RK).
In these cases, PRK is associated with lower predict-
ability,10 greater corneal haze, and regression of refrac-
tive correction than in eyes without previous surgery.
The early results of LASIK correction of a hyperopic
shift after RK are encouraging.11 However, risks in-
clude uncontrolled shearing forces when the corneal
flap is lifted and extension of RK wound dehiscence,
which could lead to epithelial ingrowth and loss of cor-
rected distance visual acuity (CDVA).12

Our approach to correct aberrations and refractive
errors after RK is sequential PRK using a corneal
wavefront-guided aspheric ablation13 followed by re-
moval of epithelium in the center or periphery of the
treated area using a defined epithelial thickness pro-
file14 and PTK without masking fluid. The present
study evaluated the feasibility and results of this
technique.

PATIENTS AND METHODS

This retrospective analysis comprised the first series of eyes
to have simultaneous aspheric wavefront-guided transepi-
thelial PRK and PTK to correct aberrations and refractive er-
rors after RK or keratoplasty. To be included, patients had to
have a follow-up of 6months after the simultaneous surgery.
The ablations were wavefront guided based on the corneal
wave aberration15 and were calculated using the ORK-
CAM software module (Schwind Eye-Tech-Solutions
GmbH & Co. KG.).13
Surgical Technique
Before the patient was moved to the surgical suite, corneal
and conjunctival anesthesia (2 drops of benoxinate chlorohy-
drate hydrochloride 0.4%) was instilled 3 times. Mitomycin-
C (MMC) 0.02% was applied for 2 minutes according to
Majmudar et al.16

All ablations were performed with an Amaris excimer
laser (Schwind Eye-Tech-Solutions GmbH & Co. KG.). The
laser works at a true repetition rate of 500 Hz and produces
a beam size of 0.54 mm full-width at half-maximum with
a super Gaussian spot profile.17 High-speed eye tracking
(pupil and limbus tracker with cyclotorsional tracking18)
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with a 1050 Hz acquisition rate is completed within a latency
time of 3 milliseconds.19 The flying-spot laser uses a 3-di-
mensional shape of the spot in x, y, z that is modeled and
used to decompose ablation volume into pulse sequences
through a self-constructing algorithm. In addition, a random-
ized flying-spot ablation pattern and local repetition rates
controls lessen the thermal load of the treatment.20 The pro-
cedure produces a smooth ablated surface that minimizes
higher-order aberrations (HOAs). The PRK ablation was fol-
lowed by PTK (60 to 70 mm)withoutmasking fluid to remove
remaining epithelium in the center or periphery of the PRK-
treated area. For both sequential ablations, the laser-created
corresponding ablation volumes were decomposed into
pulse sequences, which were sorted spatially and temporally
in a pseudorandom fashion. The optical zone was fully
corrected with a variable transition size, which the laser
calculated based on the planned refractive correction.

At the end of surgery, dexamethasone 0.1%–netilmicin
0.3%, tropicamide 0.5%, and ketotifen 0.05% were instilled
and a bandage contact lens was applied.
Postoperative Treatment
Gentamicin 0.3% and diclofenac sodium 0.1% eyedrops
were administered until epithelial healing. The bandage con-
tact lens was left in place for 5 to 7 days until complete heal-
ing of the epithelial defect. After epithelial healing,
preservative-free artificial tears and clobetasone 0.1% were
administered.
Patient Assessment
Patient evaluation included corneal topography21 and
analysis of the corneal wavefront derived from the topogra-
phy8 (Keratron-Scout, Optikon Ophthalmic Equipment),
manifest refraction, and measurement of uncorrected dis-
tance visual acuity (UDVA) and CDVA. Optical errors cen-
tered on the line-of-sight, representing the wavefront
aberration, were recorded as Zernike polynomials22 and as
the coefficients in theOptical Society of America standards.23

The errors were analyzed for a 6.0 mm diameter.
Outcome Measures
Efficacy was determined by the postoperative UDVA.
Safety was calculated as the difference between the postop-
erative CDVA and the preoperative CDVA. Refractive out-
comes were assessed using the mean values and number of
eyes within G0.25 D, G0.50 D, G1.00 D, and G2.00 D of
the attempted astigmatism correction. Changes in corneal
wavefront aberration were determined using the mean
values and preoperative to postoperative differences in the
16 HOA modes of the Zernike expansion to the 7th order.

Predictability was determined by plotting the achieved
correction versus the attempted correction (both at the cor-
neal plane) on a scattergram by the corresponding Zernike
components. The slope and intercept of the correlations
were analyzed.
Statistical Analysis
The difference between preoperative and postoperative
efficacy, safety, refractive outcomes, and corneal wavefront
aberration changes was assessed using paired Student t tests;
intergroup differences were evaluated by unpaired Student
t tests. For predictability, correlations were assessed using
- VOL 36, JULY 2010
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Student t tests and the coefficient of determination (r2); the
significance of the correlations was evaluated using a metric
distributed approximately as t, with N � 2 degrees of
freedom, where N is the size of the sample.

Results are presented as means G SD. A P value less than
0.05 was considered statistically significant.

RESULTS

The study evaluated 35 eyes of 26 patients. Table 1
compares the patients’ preoperative data between
the RK group and the keratoplasty group. There was
a statistically significant difference between the 2
groups in all preoperative parameters except spherical
aberration.

The mean follow-up was 7 G 2 months (range 6 to
12 months) in the RK group and 7 G 2 months (range
6 to 15 months) in the keratoplasty group. The differ-
ence between groups was not statistically significant
(P Z .5, unpaired t test).
Table 1. Preoperative data.

Preoperative
After Radial
Keratotomy

After
Keratoplasty

P
Value

Eyes (n) 17 18
Age (y) !.05†

Mean G SD 51 G 7 44 G 12
Range 42 to 65 29 to 72

UDVA (logMAR) !.005†

Mean G SD 0.8 G 0.7 1.5 G 0.6
Range 0.1 to 2.0 0.2 to 2.0

SE (D) !.0001†

Mean G SD C2.39 G 1.96 �3.10 G 4.45
Range �2.50 to C6.63 �11.25 to C3.13

Astigmatism (D) !.0001†

Mean G SD 1.37 G 0.72 3.53 G 1.65
Range 0.25 to 3.00 1.00 to 6.50

CDVA (logMAR) !.0005†

Mean G SD 0.1 G 0.2 0.4 G 0.2
Range 0.0 to 1.0 0.1 to 1.0

Corneal wavefront* (mm)
Trefoil !.005†

Mean G SD 0.62 G 0.37 1.39 G 0.94
Range 0.19 to 1.46 0.10 to 3.56

Coma !.05†

Mean G SD 0.91 G 0.70 1.63 G 0.95
Range 0.04 to 2.17 0.56 to 3.51

Spherical aberration .5
Mean G SD C1.11 G 0.69 C1.17 G 0.79
Range C0.28 to C2.23 �0.15 to C2.67

RMS higher order !.05†

Mean G SD 2.00 G 0.80 3.04 G 1.39
Range 0.59 to 3.14 1.12 to 6.52

CDVA Z corrected distance visual acuity; RMS Z root mean square;
SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
*At 6.0 mm
†Statistically significant
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The mean planned refractive correction in all eyes
was 8.06 G 0.43 mm total ablation zone (range 6.98
to 9.05 mm). The mean optical zone was 6.44 G 0.26
mm (range 5.50 to 7.00 mm).
Efficacy
Figure 1 shows the efficacy results; that is, the
UDVA at the last follow-up visit. In the RK group,
the UDVA was 20/25 or better in 9 eyes (53%) and
20/40 or better in 15 eyes (88%); the difference from
the preoperative UDVA was statistically significant
(P!.0005, paired t test). In the keratoplasty group,
the UDVA was 20/25 or better in 4 eyes (22%) and
20/40 or better in 9 eyes (50%); the difference from
the preoperative UDVA was not statistically signifi-
cant (P Z .2, paired t test). The difference between
groups in the UDVA at the last follow-up visit was
statistically significant (P!.05, unpaired t test).
Refraction
Table 2 shows the results at the last postoperative
visit. The mean spherical equivalent and mean resid-
ual astigmatism were statistically significantly better
than preoperatively in both groups. The difference
between groups was statistically significant for every
parameter except spherical aberration.

Figure 2 shows the percentage of eyes that were
within different levels of the attempted astigmatism
correction. Most eyes in the RK group and half the
eyes in the keratoplasty group were within G1.00 D
of the attempted correction (Figure 2).
Safety
Figure 3 shows the safety results. Two eyes (12%) in
the RK group and 14 eyes (78%) in the keratoplasty
group gained 2 or more lines of CDVA postopera-
tively; the difference was statistically significant in
the keratoplasty group (P!.005, paired t test) but
not in the RK group (P Z .1, paired t test). The differ-
ence between the 2 groups was statistically significant
(P!.005, unpaired t test).
Corneal Wavefront Aberration
The change between preoperatively and postopera-
tively in 11 of the 16 higher-order Zernike modes was
statistically significant in both groups (Table 3). The
significant reductions were clinically relevant.
Predictability
For all higher-order Zernike (16 modes, 30 terms),
the achieved aberration correction correlated well
with the intended correction in both groups. The
slopes ranged between 0.50 and 1.29 (Figures 4
- VOL 36, JULY 2010



Table 2. Postoperative data at last follow-up visit.

Preoperative
After Radial
Keratotomy P Value

Follow-up (mo)
Mean G SD 7 G 2
Range 6 to 12

UDVA (logMAR) !.0005†

Mean G SD 0.2 G 0.3
Range 0.0 to 1.0

SE (D) !.0001†

Mean G SD C0.02 G 0.60
Range �1.38 to C1.00

Astigmatism (D) !.0005†

Mean G SD 0.47 G 0.48
Range 0.00 to 1.50

CDVA (logMAR)
Mean G SD 0.1 G 0.1 .1
Range �0.1 to 0.2

Corneal wavefront* (mm)
Trefoil !.0005†

Mean G SD 0.24 G 0.14
Range 0.04 to 0.53

Coma !.01†

Mean G SD 0.55 G 0.33
Range 0.16 to 1.23

Spherical aberration !.0001†

Mean G SD C0.21 G 0.36
Range �0.39 to C1.03

RMS higher order !.0001†

Mean G SD 0.84 G 0.40
Range 0.26 to 1.46

CDVA Z corrected distance visual acuity; RMS Z root mean square; SE Z spher
*At 6.0 mm
†Statistically significant

Figure 1. Efficacy: UDVA at the last follow-up visit (KP Z kerato-
plasty; RK Z radial keratotomy; UDVA Z uncorrected visual
acuity).
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and 5). The mean achieved aberration correction was
�43% G 27% (range �83% to C53%).
Adverse Events
No adverse event or complication occurred intra-
operatively or postoperatively. No eye required
retreatment. There was 1 case of trace haze in the ker-
atoplasty group.

DISCUSSION

The aim of this study was to evaluate the results of
correcting aberrations and refractive errors after RK or
keratoplasty with an excimer laser system using simul-
taneous corneal wavefront-guided transepithelial PRK
andPTKablation. The advantage of this ablation profile
is that it reduces corneal wave aberration (within the
optical zone) as well as sphere and cylinder. Photother-
apeutic keratectomy removes an epithelial thickness
profile that results in a slight myopic-like treatment
After
Keratoplasty P Value

P Value Between-Group
Comparison

d .5
7 G 2
6 to 15

.2 !.05†

0.7 G 0.7
0.0 to 2.0

.1 !.005†

�1.23 G 1.54
�3.50 to C1.50

!.0001 !.005†

1.40 G 0.91
0.00 to 3.00

!.005 !.005†

0.2 G 0.2
0.0 to 0.5

.1 !.005†

0.98 G 0.93
0.14 to 3.37

.1 !.0005†

0.30 G 0.62
0.46 to 2.63

!.005 .1
C0.52 G 0.64
�0.19 to C1.73

!.05 !.0005†

2.15 G 1.20
0.91 to 4.95

ical equivalent; UDVA Z uncorrected distance visual acuity
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Figure 2. Achieved astigmatism refractive outcome at the last
follow-up visit (KP Z keratoplasty; RK Z radial keratotomy).

Table 3. Significantly reduced aberrations at the last follow-up
visit.

Aberration (mm)
After Radial
Keratotomy

After
Keratoplasty

Coma C(3,G1)
Mean G SD �0.37 G 0.54 �0.33 G 0.92
Range �1.21 to C0.51 �2.42 to C0.93

Trefoil C(3,G3)
Mean G SD �0.38 G 0.35 �0.41 G 1.12
Range �1.07 to C0.03 �2.30 to C2.47

Spherical C(4,0)
Mean G SD �0.98 G 0.45 �0.65 G 0.69
Range �2.11 to �0.11 �2.40 to C0.10

Higher-order astigmatism
C(4,G2)
Mean G SD �0.15 G 0.21 �0.14 G 0.35
Range �0.59 to C0.09 �0.92 to C0.57

Tetrafoil C(4,G4)
Mean G SD �0.49 G 0.29 �0.15 G 0.64
Range �1.10 to �0.06 �1.98 to C1.18

Coma C(5,G1)
Mean G SD �0.06 G 0.14 �0.15 G 0.28
Range �0.44 to C0.10 �1.02 to C0.13

Pentafoil C(5,G5)
Mean G SD �0.13 G 0.21 �0.20 G 0.31
Range �0.78 to C0.11 �1.05 to C0.10

Tetrafoil C(6,G4)
Mean G SD �0.05 G 0.09 �0.11 G 0.21
Range �0.29 to C0.08 �0.83 to C0.05

Hexafoil C(6,G6)
Mean G SD �0.10 G 0.16 �0.02 G 0.19
Range �0.46 to C0.04 �0.31 to C0.39

Pentafoil C(7,G5)
Mean G SD �0.04 G 0.07 �0.02 G 0.08
Range �0.26 to C0.03 �0.19 to C0.11

Heptafoil C(7,G7)
Mean G SD �0.05 G 0.07 �0.08 G 0.11
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(approximately 1.00D24) because the epithelium is thin-
ner in the center.14,25,26 We did not take this possible
myopic error into account because the corneas in these
eyes often have a slight regression, which can lead to
compensation. We performed the treatment directly
over the epithelium to smooth the surface.

Topographical analysis assesses the topography of
the outer surface of the cornea (ie, the epithelium)
rather than the stroma. Poor reflectivity makes it diffi-
cult, if not impossible, to assess the topographic fea-
tures of the stromal surface. If assessment of the
stromal surface before ablation were possible, it would
likely improve the outcomes in eyes with aberrations
and refractive errors after RK or keratoplasty.

The transepithelial approach allows a perfect corre-
spondence between the topography and the cornea.
The only error would result from the difference in
the photoablative rate between the stroma and epithe-
lial tissue.27 This difference (approximately 20%
Figure 3. Safety: CDVA at the last follow-up visit (KP Z kerato-
plasty; RK Z radial keratotomy; CDVA Z corrected visual acuity).

Range �0.26 to C0.03 �0.34 to C0.05
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higher in epithelium) is partly compensated for by
the excimer laser system we used and is negligible
when a small amount of tissue is involved. In the si-
multaneous technique, PTK (with the same thickness
for all x, y points) is performed to remove the remain-
ing epithelium in the center or periphery after PRK.
The usual PTK depth is 60 to 70 mm and is based on
the PRK ablation of the epithelium; this is easy to
determine under the surgical microscope.

Figure 6 shows the topographic change in a post-RK
patient and Figure 7, in a post-keratoplasty patient.
Preoperatively, the RK patient had high spherical ab-
erration and the keratoplasty patient, significant
coma. In our study, the RK group and the keratoplasty
group had high preoperative SE, astigmatism, and
HOA values. Postoperatively, there was a significant
- VOL 36, JULY 2010



Figure 4. Achieved versus attempted corrections for the major aber-
rations (6.0 mm diameter) in the RK group at the last follow-up visit.

Figure 5. Achieved versus attempted corrections for the major aber-
rations (6.0 mm diameter) in the keratoplasty group at the last
follow-up visit.

1178 TRANSEPITHELIAL PRK AND PTK FOR REFRACTIVE CORRECTION AFTER RK OR KERATOPLASTY
decrease in all parameters and the values of the most
relevant aberrations correlated well with the intended
values. Eleven of 16 Zernike modes were significantly
reduced in both groups. The refractive results in this
clinical setting show a trend toward slight undercor-
rection of astigmatism. We believe that with slight ad-
justment for astigmatic correction, the percentage of
eyes within G0.50 D of the intended correction would
increase significantly. The same is true for the differ-
ence in the rate of aberration correction.

The mean residual SE was approximately �0.60 D
and the mean residual cylinder, approximately 0.90 D;
71% of eyes were within G1.00 D of the target correc-
tion in SE and astigmatism. The mean decrease in
astigmatism magnitude was 78%, showing moderate
undercorrection of astigmatism. There was no hyper-
opic shift in the SE component even though no nomo-
gram adjustments were made and coupling effects
were not taken into count.

In our study, the postoperative UDVAwas 20/32 or
better in 21 eyes (60%) and 20/20 or better in 20%. No
eye lost lines of CDVA; 16 eyes (46%) gained 2 or more
J CATARACT REFRACT SURG
lines and 8 eyes (23%) gained more than 4 lines. The
improvement in CDVA was greater in the kerato-
plasty group, in which 14 (78%) of 18 eyes gained 2
or more lines.

Our results show that the simultaneous PRK–PTK
technique is safe and effective and gives better out-
comes than those obtained using older excimer laser
platforms. This may be because the high-speed laser
system we used reduces variability caused by stromal
hydration effects, which increase with time of treat-
ment.28,29 Our study would have benefitted from an
analysis of postoperative night-vision symptoms and
of data according to optical zone size. Long-term fol-
low-up of these eyes will determine whether the re-
sults are more stable than those in previous studies
that used the older laser system.

We began using the newer excimer laser platform in
September 2009. It allows PRK and PTK to be per-
formed during a single procedure, which decreases
the length of the surgery. In addition, the epithelial tis-
sue is optimized to avoid a myopic-like correction (ap-
proximately �0.75 D). The simultaneous approach
Figure 6. Maps of a post-RK eye. Top
left: Curvature map before simulta-
neous PRK–PTK. Top right: Curvature
map after simultaneous PRK–PTK.
Bottom left: Corneal wave aberration
map before simultaneous PRK–PTK.
Bottom right: Corneal wave aberration
map after simultaneous PRK–PTK.
Note the reduction in spherical aberra-
tion (the transition knee is no longer
visible) resulting from an enlarged
functional optical zone.
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Figure 7. Maps of a post-keratoplasty
eye. Top left: Curvature map before si-
multaneous PRK–PTK. Top right:
Curvature map after simultaneous
PRK–PTK. Bottom left: Corneal wave
aberration map before simultaneous
PRK–PTK. Bottom right: Corneal wave
aberration map after simultaneous
PRK–PTK. Note that the 2-colored pre-
pupillary area in the preoperative map
and themore uniform color in the post-
operative map, indicating a large re-
duction in coma, trefoil, and tetrafoil
resulting from an enlarged functional
optical zone.
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treats aberrations and refractive errors using a defined
epithelial thickness profile14 (ie, approximately 55 mm
at the center and approximately 65 mm at the periph-
ery, 4.0 mm radially from the center) and corneal
wavefront–guided aspheric ablation profiles.13 The la-
ser system creates a single ablation volume, which is
then decomposed into pulse sequences that are sorted
spatially and temporally in a pseudorandom fashion.
Furthermore, the 2 volume components (ie, the corneal
wavefront-guided and epithelial thickness profiles)
are sorted but elapse without breaks.

The main HOAs postoperatively (ie, coma and
spherical aberration) were the result of ablation de-
centration and edge effects and the large change in
curvature from optical zone to transition zone and
from transition zone to untreated cornea. It is impor-
tant to use optical zones that cover the scotopic
pupil size and leave room for possible decentration;
well-defined, smooth transition zones are also
important. In our study, the mean optical zone di-
ameter was 6.44 G 0.26 mm (range 5.50 to 7.00
mm) and we fully corrected the central ablation
zone with a multidynamic aspherical transition
zone calculated by the laser based on the planned
refractive correction (mean 8.06 G 0.43 mm; range
6.98 to 9.05 mm).

The astigmatic correction in our study was satisfac-
tory. Although this small series of eyes does not allow
for definitive conclusions or evidence-based state-
ments, the preliminary results are promising.

In a previous study,30 we evaluated the stability cor-
rections after RK and found that the refraction and
mean corneal power remained stable over 3 years.
We observed that the hyperopic shift after RK reaches
a certain value, after which there is no further shift. We
believe that this is the result of increased corneal thick-
ness in the area of the incisions, which we have ob-
served on Scheimpflug images, as well as of ectasia.
The long-term stability seems to show that increased
J CATARACT REFRACT SURG
thickness plays a major role in the hyperopic shift.
The increased thickness might be the result of an
increase in stromal hydration.

Treating eyes after corneal transplantation is more
complex because astigmatism is a long-term side effect
and involves the inferior cornea in eyes with keratoco-
nus. We think that a massage effect of the upper lid
after RK or corneal transplantation may cause bulging
in the inferior cornea. When the defect is too large, it
is not safe to approach it with laser treatment,
which would ablate too much tissue and therefore
weaken the structure. Thus, it is important to
determine the thickness and amount of tissue that
has to be removed before choosing a laser procedure.
As a rule of thumb, we leave at least 300 mm of
untouched stroma.

Although performing laser treatment on an unstable
cornea could lead to dehiscence in the future, it is im-
portant to balance the advantages of a fast and easy
procedurewith the possible risk for a variation in astig-
matism postoperatively. We believe that other than
placing a new corneal transplant, our simultaneous
PRK-PTK technique is the only option in these cases.

All our patients had a 6-month follow-up and even
though we made no nomogram adjustments, no eye
required retreatment. A study with a longer follow-
up and larger number of eyes is needed to confirm
the stability of the treatment. In addition, there was
only 1 case of haze (trace) in our study. We believe
this is because we applied MMC before the ablations.

Limitations of the study include a small number of
eyes, short follow-up, and lack of a control group.
The short follow-up is important because delayed re-
gression can occur for up to 1 year or more when
MMC is used. Despite these limitations, our results
show that the simultaneous technique using the newer
excimer laser platform gives better results than other
ablation profiles in the correction of aberrations and
refractive errors after RK or keratoplasty.
- VOL 36, JULY 2010
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In summary, simultaneous corneal wavefront-
guided transepithelial PRK and PTK using an excimer
laser was safe and effective in correcting aberrations
and refractive errors after RK or keratoplasty. The vi-
sual, optical, and refractive results were good; astigma-
tism decreased to subclinical values postoperatively in
the RK group and to moderate values in the kerato-
plasty group, and there was a significant decrease in
HOAs, which affect contrast sensitivity. These findings
indicate that simultaneous corneal wavefront-guided
transepithelial PRK and PTK might be the technique
of choice to correct refractive errors and aberrations af-
ter RK or keratoplasty.
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2. Amm M, Duncker GIW, Schröder E. Excimer laser correction of

high astigmatism after keratoplasty. J Cataract Refract Surg

1996; 22:313–317

3. Arenas E, Maglione A. Laser in situ keratomileusis for astigma-

tism and myopia after penetrating keratoplasty. J Refract Surg

1997; 13:27–32
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