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Purpose: To compare the results of retreatment with wavefront-guided LASIK versus 
wavefront-guided PRK for residual refractive error following previous myopic keratorefrac-
tive surgery.
Methods: In this prospective study, 32 eyes of 28 patients after prior myopic keratorefrac-
tive surgery underwent retreatment with flap-lift wavefront-guided LASIK (n = 12) or 
wavefront-guided PRK (n = 20) for residual refractive error. Safety, efficacy, predictability, 
and wavefront outcomes were evaluated.
Results: At last follow-up, both LASIK and PRK retreatment resulted in similar improve-
ment in visual acuity with respective mean ± standard deviation (SD) uncorrected distance 
visual acuity of −0.07 ± 0.11 logMAR and −0.06 ± 0.13 logMAR (p = 0.87). In the study, 
16.7% of LASIK and 33.3% of PRK eyes gained one or more lines of best-corrected distance 
visual acuity (CDVA), while 16.7% and 9.5% of eyes lost one or more lines of CDVA with 
LASIK and PRK, respectively. One hundred % of LASIK eyes and 89.5% of PRK eyes were 
within ± 0.50 diopters of emmetropia. Wavefront analysis demonstrated similar reductions in 
total RMS error higher-order aberrations (p = 0.84) with no difference in coma, trefoil, or 
spherical aberration between eyes undergoing LASIK or PRK retreatment.
Conclusion: Wavefront-guided LASIK and wavefront-guided PRK following previous 
keratorefractive surgery demonstrate similar safety, efficacy, and predictability with compar-
able wavefront outcomes.
Keywords: LASIK, PRK, refractive surgery, retreatment

Introduction
Refractive surgery, such as laser-in-situ keratomileusis (LASIK) and photorefrac-
tive keratectomy (PRK), is frequently performed for the treatment of myopia.1,2 

Due to the quick and nearly painless recovery it offers, LASIK is the most 
commonly performed refractive procedure in the US. However, there are additional 
risks with LASIK compared to PRK, including corneal ectasia and flap 
complications.3–6 To date, studies comparing the two procedures have focused on 
clinical outcomes after primary surgery, such as visual outcomes, induction of 
higher order aberrations (HOAs), post-operative complications, and quality of 
vision.7–12

Even with overall excellent results, refractive surgery may induce residual or 
postoperative refractive error that may require an additional retreatment procedure, 
with a reported rate of 2.30–6.3% of eyes requiring retreatment.13–15 In addition to 
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the attendant risks that accompany refractive procedures, 
LASIK retreatment carries additional flap-related compli-
cations, particularly epithelial ingrowth which has 
a reported incidence rate of 2.3–20%.16–22 The largest 
retrospective study by Caster et al reported the results of 
3866 primary and 646 retreatment LASIK cases, demon-
strating that the incidence of clinically significant epithe-
lial downgrowth was higher in flap-lift retreatment LASIK 
(2.3%) compared to primary LASIK (0%).23 In the same 
study, when flap-lift LASIK retreatment was performed 
three or more years after primary LASIK, the risk of 
epithelial downgrowth was significantly increased to 
7.7%. Most recently, a retrospective study by Chan et al 
suggested that factors such as the use of a bandage contact 
lens and various flap-lift techniques, as well as increasing 
patient age, may be associated with an increased rate of 
epithelial ingrowth.22

Various modalities have been deemed predictable, 
effective, and safe to use for enhancement after prior 
keratorefractive surgery. Jin et al evaluated outcomes of 
LASIK retreatment after wavefront-guided and standard 
LASIK treatments, Montague et al reported enhancement 
results using CustomVue wavefront-guided LASIK in 120 
eyes of 102 patients, Kashani et al assessed wavefront- 
guided LASIK retreatment after initial wavefront-guided 
LASIK, and Broderick et al looked at wavefront-optimized 
PRK after prior PRK, LASIK, and LASEK; the outcomes 
from these studies were comparable.24–28

There are a limited number of studies comparing PRK 
versus LASIK as retreatment modalities. Schallhorn et al 
performed a comparative study to evaluate the efficacy of 
wavefront-guided PRK versus a LASIK flap lift on 
patients who have had prior LASIK.29 In this retrospective 
study, 119 eyes had flap-lift enhancement, while 171 eyes 
underwent PRK, which was performed over the LASIK 
flap. There was no significant difference in postoperative 
efficacy, safety, and predictably; however, 22 (18.5%) of 
LASIK retreated eyes had epithelial ingrowth and 5.3% of 
PRK retreated eyes had grade I haze, which resolved 
within 6 months. While there was a trend for better out-
comes in flap-lift enhancements, there was no statistical 
significance. Furthermore, it was difficult to directly com-
pare the two enhancement techniques as this was 
a retrospective study; there were a variety of factors that 
may have influenced the choice of treatment and 
outcomes.

To our knowledge, there has not been a study that pro-
spectively compares the results of retreatment with LASIK 

versus PRK. In our study, we prospectively evaluate the 
results of retreatment with flap-lift wavefront-guided 
LASIK versus wavefront-guided PRK for residual refractive 
error following previous keratorefractive surgery.

Materials and Methods
Thirty-two eyes of 28 patients’ status post prior refractive 
surgery for myopia with residual refractive error were 
recruited and enrolled from the refractive surgery service 
at Byers Eye Institute at Stanford Hospital and Clinics. In 
order to be included in the study, patients were required to 
be older than 21 years of age, have a history of stable 
refractions (<0.5 diopters of sphere or cylinder in 1 year 
prior to surgery), correct to 20/20 or better in both eyes at 
the preoperative visit, and participate in scheduled follow- 
up visits.

We have previously described our exclusion criteria for 
primary refractive surgery.2,12 In brief, subjects were 
excluded from primary refractive surgery due to cornea 
pathology, including severe dry eye, infection, or warpage, 
rigid gas-permeable lens use, a diagnosis of a systemic 
disease that may potentially involve the cornea, a residual 
stromal bed of 250 μm or less, a large difference between 
manifest and cycloplegic refractions (>0.75 diopters of 
sphere or >0.50 diopters of cylinder), known allergy to 
study drugs, and/or involvement in another ophthalmic 
device or drug trial.

This study was approved by the Stanford University 
Institutional Review Board and this study was conducted 
in accordance with the Declaration of Helsinki, and each 
patient underwent an informed consent prior to enrollment 
in the study. A thorough examination was performed, 
including a slit-lamp examination, intraocular pressure 
measurements, infrared pupillometry (photopic and scoto-
pic), best-corrected visual acuity (BCVA) under 5% and 
25% contrast sensitivity conditions, manifest and cyclo-
plegic refraction, and a dilated fundus exam.

Each study eye underwent corneal topography. 
Wavefront aberrometry was performed using the Visx 
CustomVue WaveScan Aberrometer and measured with 
an undilated pupil. The acquisition with the clearest cen-
troid image out of six wavefront aberrations performed per 
study eye was used for analysis. To account for the poten-
tial variability caused by different pupil diameters, aberro-
metry images within ± 0.25 mm of the preoperative 
measurement were used for data analysis, and all data 
were normalized to a 5.0 mm pupil using the Wavescan 
aberrometer Zernike tool.
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Surgeries were performed by a single surgeon (E.E.M) at 
a single facility (Byers Eye Institute, Eye Laser Center) 
using the AMO VISX S4 CustomVue IR excimer laser. 
Each eye was pre-treated with proparacaine hydrochloride 
0.5% (Ophthetic; Allergan, Irvine, CA), ketorolac trometha-
mine ophthalmic solution 0.4% (Acular LS; Allergan, 
Irvine, CA), and moxifloxacin hydrochloride ophthalmic 
solution 0.5% (Vigamox; Alcon, Fort Worth, TX). LASIK 
enhancement surgery was performed in eyes that had under-
gone previous femtosecond-LASIK surgery less than two 
years prior and PRK surgery was performed for prior 
LASIK-treated eyes more than two years out. All patients 
who had previous PRK underwent repeat PRK surgery.

LASIK flaps were re-lifted for LASIK enhancement 
surgery. The edge of the original femtosecond LASIK flap 
was identified and a LASIK flap lifter was used to break into 
the edge of the flap. The flap edge was scored all around the 
LASIK flap and was lifted with the lifter. The ablation was 
performed and the flap repositioned. A bandage contact lens 
was placed at the conclusion of the case and removed on 
postoperative day one in all cases. Post-operative care 

included topical fluoroquinolone (moxifloxacin) four 
times a day and a topical steroid four times a day for 1 
week. In eyes undergoing PRK after previous PRK, the 
epithelium was removed using an Amoils epithelial scrub-
ber over an 8.0 mm zone centered over the pupil. In eyes 
undergoing PRK after the previous LASIK, the epithelium 
was removed by applying 20% alcohol to the center of the 
cornea for 45 seconds using a corneal well.

Table 1 Pretreatment Uncorrected Visual Acuity, Manifest 
Refraction, and Aberrations Prior to LASIK or PRK Retreatment

LASIK 
Retreatment

PRK 
Retreatment

P-value

Uncorrected Visual Acuity 

(logMAR)

0.20 ± 0.11 0.23 ± 0.16 0.48

Spherical Equivalent (D) −0.54 ± 0.80 −0.63 ± 0.91 0.79

Cylinder (D) 0.48 ± 0.38 0.58 ± 0.23 0.38

Coma 0.23 ± 0.15 0.26 ± 0.14 0.52

Trefoil 0.20 ± 0.09 0.17 ± 0.11 0.15

Spherical Aberrations 0.26 ± 0.19 0.32 ± 0.20 0.44

Root-Mean-Square (RMS) 

Error (μ)

0.48 ± 0.18 0.53 ± 0.18 0.55

Figure 1 Percentage of eyes achieving uncorrected Snellen distance visual acuity at the last postoperative visit.
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Photoablation was performed using the VISX Star 
CustomVue S4 IR excimer laser system with autocentration 
and iris recognition. Mitomycin C 0.02% was applied for 12 
seconds in all cases. A bandage contact lens was placed for 
healing and patients were instructed to use topical fluoroqui-
nolone such as moxifloxacin or ciprofloxacin four times a day 
until the epithelium was healed and a topical steroid drop four 
times a day for 2 weeks, then two times a day for 2 weeks.

Patients were seen at prescribed intervals of 1 day, 1 week, 
1 month, 3 months, 6 months, and 12 months after the proce-
dure. Microsoft Excel Software (Microsoft Corporation, 
Redmond, WA) was used for analysis and a paired students 
t-test was used to perform all comparisons of the means. 
P-values were 2-sided and significant when p < 0.05.

Results
All eyes enrolled in the study underwent successful retreat-
ment with LASIK or PRK. There were 24 females (75.0%) 
and 8 males (25.0%) with an average age of 40.2 ± 11.0 years 
(range 24–57 years). Twelve eyes of 12 patients with 

previous femtosecond LASIK received flap-lift LASIK 
retreatment. Twenty eyes of 17 patients with previous 
LASIK or PRK received PRK retreatment; of these, 8 eyes 
of 8 patients had previous LASIK and 12 eyes of 9 patients 
had previous PRK. The average time between the primary 
surgery and the retreatment was 716.3 ± 729.6 days. Eyes 
that underwent LASIK had retreatment surgery within 24 
months (434.6 ± 92.7 days, range 322 to 653 days) and 
eyes that underwent PRK had retreatment surgery between 
322 and 4012 days (885.3 ± 885.1 days, range 322 to 4012 
days). All eyes were retreated due to residual refractive error. 
No eyes were treated for any other reason (ie small optical 
zones, decentration), and all eyes were primary under- 
corrections.

Preoperatively, LASIK retreatment eyes had an average 
spherical equivalent of −0.30 ± 0.77 diopters while PRK 
retreatment eyes had an average spherical equivalent of 
−0.34 ± 0.90 diopters (p = 0.93, Table 1). LASIK retreat-
ment eyes had an average cylinder of 0.48 ± 0.38 diopters 
compared to 0.58 ± 0.23 diopters in PRK retreatment eyes (p 
= 0.38). Average spherical aberration in LASIK retreatment 
eyes was 0.26 ± 0.19; PRK retreatment eyes had an average 
spherical aberration of 0.32 ± 0.20 (p = 0.44).

Measurements taken at the last follow-up date were used 
for post-treatment analysis; the mean time in months for the 
last follow-up was 6.3 ± 4.4 months in the LASIK retreat-
ment group and 8.9 ± 3.8 months in the PRK retreatment 
group (p = 0.12). After retreatment, 92% and 95% of post- 
LASIK and post-PRK-treated eyes had an uncorrected 
Snellen visual acuity of 20/20 or better (Figure 1). Post- 
treatment spherical equivalent of the LASIK retreatment and 
PRK retreatment groups were −0.09 ± 0.24 diopters and 
−0.07 ± 0.43 diopters (p = 0.89, Table 2). One 

Table 2 Uncorrected Visual Acuity, Manifest Refraction, and 
Aberrations After LASIK or PRK Retreatment

LASIK 
Retreatment

PRK 
Retreatment

P-value

Uncorrected Visual Acuity 

(logMAR)

−0.07 ± 0.10 −0.06 ± 0.13 0.87

Spherical Equivalent (D) −0.09 ± 0.24 −0.05 ± 0.43 0.77

Cylinder (D) 0.13 ± 0.20 0.28 ± 0.25 0.07

Coma 0.28 ± 0.14 0.22 ± 0.14 0.24

Trefoil 0.13 ± 0.07 0.13 ± 0.08 0.94

Spherical Aberrations 0.26 ± 0.19 0.29 ± 0.22 0.76

Root-Mean-Square (RMS) 

Error (μ)

0.47 ± 0.15 0.45 ± 0.20 0.72

Figure 2 Comparing predictability between LASIK and PRK retreatment. Histogram of spherical equivalent refraction after enhancement (left). Histogram of refractive 
astigmatism after enhancement (right).
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hundred percent of LASIK eyes and 89.5% of PRK eyes 
were within ± 0.50 diopters of emmetropia and 41.7% of 
LASIK eyes and 52.6% of PRK eyes were within ± 0.13 
diopters of emmetropia (Figure 2). Eighty-three % of 
LASIK and 70% of PRK retreated eyes were within 0.25 
diopters of astigmatism. In addition, there was no significant 
difference in the scatter of predictability of attempted versus 
achieved emmetropia (Figure 3).

Preoperative cylinder was 0.48 ± 0.38 diopters and 
0.58 ± 0.23 diopters in PRK and LASIK retreated eyes, 

respectively (p = 0.38). Eyes in the LASIK retreatment 
group had a postoperative cylinder of 0.13 ± 0.20 diop-
ters and eyes in the PRK retreatment group had 
a postoperative cylinder of 0.28 ± 0.25 diopters (p = 
0.07). LASIK retreatment eyes had an average spherical 
aberration of 0.18 ± 0.21 microns and PRK retreatment 
eyes had a spherical aberration of 0.13 ± 0.18 microns 
(p= 0.21). In addition, coma, trefoil, and root-mean- 
square (RMS) error were not statistically significant 
between the two study groups.

Figure 3 Scattergram of the ability to achieve emmetropia at the last post-operative visit.

Figure 4 Comparing safety of LASIK and PRK retreatment. Change from preoperative best-corrected distance visual acuity (BCVA, left). Postoperative uncorrected 
distance visual acuity (UDVA) compared to preoperative BCVA (right).
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At the last follow-up visit, 9.1% and 26.3% of eyes gained 
one or more Snellen lines of best-corrected distance visual 
acuity (CDVA) after LASIK and PRK retreatment, respec-
tively (Figure 4). 18.2% of LASIK retreated eyes and 15.8% 
of PRK retreated eyes lost one or more lines of CDVA, 
demonstrating comparable safety profiles between the two 
groups. Sixty-seven percent of LASIK retreated and 59% of 
PRK retreated eyes had no change in Snellen lines of CDVA. 

The stability of refraction was similar in the two groups 
(Figure 5).

One eye with previous LASIK surgery which under-
went LASIK retreatment had epithelial ingrowth that was 
detected and removed at the post-operative month 1 visit 
without complication or recurrence. There were no other 
notable significant or adverse events during or after the 
retreatment procedure.

Figure 5 Stability of refraction over time after LASIK (top) and PRK enhancement surgery (bottom).
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Discussion
When deciding between LASIK and PRK procedures for 
retreatment, providers may balance the shorter post-op 
recovery period and lower rates of corneal haze of 
LASIK with the potential additional risk of epithelial 
ingrowth. There are other additional factors to consider, 
such as time since the first surgery and residual corneal 
thickness. In our prospective study, we found little evi-
dence to suggest any difference in safety profiles between 
retreatment with PRK or LASIK.

As with primary LASIK and PRK, both retreatment 
procedures were overall found to have minimal changes 
in CDVA or spherical equivalent refraction. While no eye 
lost more than two lines of CDVA, 18.2% of LASIK 
retreated eyes and 15.8% of PRK retreated eyes lost 
one or more lines of CDVA, which is not an insignificant 
when considering possible LASIK and/or PRK retreat-
ment. At the final follow-up visit, there were no statisti-
cally significant differences in eyes with LASIK or PRK 
retreatment when evaluating residual refractive error and 
induced aberrations. One eye in the LASIK retreatment 
cohort developed epithelial ingrowth at the postoperative 
month one visit (8.3% of eyes who underwent LASIK 
enhancement); given the modest sample size of the study, 
the 12 eyes that underwent LASIK retreatment may not 
be sufficient to adequately detect the rate of epithelial 
ingrowth. The relatively low rate of epithelial ingrowth 
compared to prior studies may be attributed to our strict 
inclusion criteria that all patients who underwent LASIK 
retreatment must have had prior LASIK surgery within 2 
years. Difficulty with lifting the LASIK flap, which 
increases over time, may impact the potential rate of 
epithelial ingrowth.

While these results suggest comparable efficacy and 
accuracy for both LASIK and PRK as retreatment proce-
dures, the spread of predictability is better with LASIK 
retreated eyes. The standard deviation in achieved spheri-
cal equivalent was 0.24 with LASIK and 0.43 with PRK, 
and 10% of patients with PRK re-treated eyes versus 0% 
of LASIK re-treated eyes had post-retreatment spherical 
equivalent refraction greater than 0.50 diopters. The higher 
spread of predictability of eyes retreated with PRK may be 
attributed to irregular epithelial remodeling, a known 
drawback of this procedure.29–32 In addition, residual 
astigmatism was lower in the LASIK retreated eyes com-
pared to the PRK retreated eyes but did not reach statis-
tical significance. We postulate that there is a trend toward 

more accurate astigmatic correction with LASIK but more 
data is needed.

Though our efforts to optimize methodological quality 
include controlling for procedure variability through a single 
surgeon and site and ensuring our sample had similar best- 
corrected visual acuity prior to primary refractive surgery, 
our study is not without limitations. Because of the excellent 
outcomes of primary keratorefractive surgery, the majority 
of patients have no need for retreatment, ultimately resulting 
in a modest sample size. This in turn affects the interpreta-
tion of our results. Similarly, though we found the amount of 
spherical equivalent and cylinder in the retreatment group to 
be small, it remains to be seen whether these results will 
change with a larger amount of residual refractive error. In 
addition, all patients who had PRK as their primary surgery 
did not qualify for LASIK as a retreatment option, and we 
were unable to evaluate outcomes following this specific 
retreatment series. Finally, while a contralateral eye study 
or randomized controlled study would have been ideal, this 
was not possible given the small number of patients requir-
ing bilateral retreatment procedures.

In conclusion, our study demonstrates that as retreat-
ment options for residual refractive error following pre-
vious keratorefractive surgery, both LASIK and PRK 
prove comparable in postoperative higher-order aberrations 
as well as all measures of safety, efficacy, and predictability. 
In future studies, power may be maximized through 
a multicenter study or by increasing the length of the 
study. In addition, adding variables of subjective quality 
of vision and patient satisfaction may also be useful when 
comparing the two procedures for retreatment.
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