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Background: The purpose of this study was to evaluate the safety and efficacy of ultraviolet 

A irradiation cross-linking on completion for cases of high myopic laser-assisted in situ ker-

atomileusis (LASIK).

Methods: Forty-three consecutive LASIK cases treated with femtosecond laser flap and the 

WaveLight excimer platform were evaluated perioperatively for uncorrected visual acuity, best 

corrected spectacle visual acuity, refraction, keratometry, topography, total and flap pachymetry, 

corneal optical coherence tomography, and endothelial cell count. All eyes at the completion 

of LASIK had cross-linking through the repositioned flap, with higher fluence (10 mW/cm2) 

ultraviolet light of an average 370 µm wavelength and 10 mW/cm2 fluence applied for 3 minutes 

following an earlier single instillation of 0.1% riboflavin within the flap interface. Mean follow-up 

duration was 3.5 (range 1.0–4.5) years.

Results: Mean uncorrected visual acuity changed from 0.2 to 1.2, best corrected spectacle 

visual acuity from 1.1 to 1.2, spherical equivalent from −7.5 diopters (D) to −0.2 D, keratometry 

from 44.5 D to 38 D, flap pachymetry from 105 μm to, total pachymetry from 525 to 405, and 

endothelial cell count from 2750 to 2800. None of the cases developed signs of ectasia or sig-

nificant regression during follow-up.

Conclusion: Prophylactic collagen cross-linking for high-risk LASIK cases appears to be 

a safe and effective adjunctive treatment for refractive regression and potential ectasia. This 

application may be viewed as prophylactic customization of the biomechanical behavior of 

corneal collagen.

Keywords: prophylactic collagen cross-linking, laser-assisted in situ keratomileusis, high-risk, 

post-LASIK ectasia

Introduction
Ectasia is a well recognized and serious complication following laser-assisted in situ 

keratomileusis (LASIK).1,2 Several risk factors and preventive measures for ectasia 

have been identified and investigated.3–8 A number of treatment modalities have been 

historically described, and include contact lenses,9 intracorneal ring segments,10 con-

ductive keratoplasty,11 and, more recently, collagen cross-linking.12–14

We have introduced the concept of collagen cross-linking in post-LASIK 

ectasia,12,13 and have had long experience in utilizing novel cross-linking tech-

niques following progressive keratoconus and ectasia. We have also pioneered 

the concept of prophylactic cross-linking after LASIK and photorefractive kera-

tectomy, largely as a result of practicing in a patient population that appears to 

have a high rate of keratoconus. We have discovered that several patients whom 
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we have treated in the past with LASIK had siblings or 

close relatives with topographically or tomographically 

diagnosed keratoconus that we did not know of at the time 

of the original LASIK procedure. We have also reported 

on performing in situ intrastromal higher fluence cross-

linking in progressive keratoconus and corneal edema 

facilitated by a femtosecond laser-created intrastromal 

pocket.15,16 We used CXL in a prophylactic fashion in this 

consecutive case series.

Materials and methods
All patients provided their written informed consent prior 

to treatment, in agreement with the tenets of the Declaration 

of Helsinki. These were 23 consecutive LASIK patients 

with high myopia and/or myopic astigmatism, defined as 

myopia . –6 diopters (D) of spherical equivalent. All cases 

had a 110 µm LASIK flap created with the IntraLase FS60 

femtosecond laser (Abbott Medical Optics, Irvine, CA) and 

LASIK ablation using the WaveLight 400 Hz IQ excimer 

laser (WaveLight, Erlagen, Germany). Perioperatively, 

we evaluated uncorrected distance visual acuity, corrected 

distance visual acuity, subjective refraction, keratometry, 

Placido disc-generated corneal topography (Topolyzer, 

WaveLight), Scheimpflug-generated corneal topometry 

(Oculyzer, WaveLight) intraoperative subtraction flap 

ultrasound pachymetry (Sonogage, Cleveland, OH), cor-

neal optical coherence tomography (Optovue, W Fremont, 

CA), and preoperative and postoperative endothelial cell 

counts.

Surgical technique
On completion of the LASIK excimer ablation procedure, 

a drop of customized 0.1% riboflavin sodium phosphate 

solution (Leiter’s Pharmcy, San Jose, CA) was placed on the 

bare stromal bed, and left to soak in for 60 seconds. Special 

care was taken not to allow the riboflavin solution to come 

into contact with the already folded LASIK flap (Figure 1). 

After the 60-second riboflavin soak, the LASIK flap was 

reflected into place, copiously irrigated, and ironed with a 

Johnston applanator (Rhein Medical, St Petersburg, FL). 

Figure 2 shows the LASIK flap repositioned and the ribofla-

vin yellow tinge visualized within the corneal stroma.

Following flap repositioning, the surface was kept moist 

with a drop of ofloxacin solution (Ocuflox®, Allergan, Dublin, 

Ireland) and irradiated with 10  mW/cm2 ultraviolet light 

(Priavision, Menlo Park, CA) of average wavelength 370 nm, 

for a total of three minutes. No further drops of riboflavin 

were administered. During the ultraviolet irradiation phase, 

the corneal surface was kept moist with a few drops of 

ofloxacin solution.

A bandage contact lens was then placed on the ocular 

surface and the patient was treated with ofloxacin and 0.1% 

dexamethasone solution four times a day for a week. Patients 

were followed up on the first day following contact lens 

removal. Further follow-up examinations were performed 

at the end of week 1, months 1, 3, and 6, and annually 

thereafter.

Results
The mean age of the patients was 26 ± 7 years, with 14 being 

female and nine being male. Mean uncorrected distance 

visual acuity showed an improvement from 0.2  ±  0.2 to 

1.2 ± 0.07 logMAR. Best spectacle-corrected visual acuity 

to corrected distance visual acuity improved from 1.1 ± 0.8 

to 1.2 ± 0.9. Spherical equivalent improved from an average 

of −7.5 ± 2.5 D to −0.2 ± 0.5 D.

Figure 3 demonstrates postoperative uncorrected dis-

tance visual acuity and corrected distance visual acuity 

Figure 1 Riboflavin solution applied over the bare stroma without contact with the 
LASIK flap for 60 seconds. 
Abbreviation: LASIK, laser-assisted in situ keratomileusis.

Figure 2 Flap is repositioned, and the riboflavin-yellow tinge is visualized in the 
corneal stroma prior to application of higher fluence ultraviolet light.
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at 12 months. Cornea keratometry was 44.5 ± 2.4 D on aver-

age preoperatively and reduced to 38 ± 2.1 D postoperatively. 

Figure 4 shows the keratometric stability of the group dur-

ing the first 24  months postoperatively. Figure  5  shows 

the safety data for the group at the 12-month postopera-

tive follow-up. Figure 6 shows the group efficacy data at 

12 months.

Mean flap thickness was measured intraoperatively to 

be 105 ± 7 µm. Mean minimal cornea thickness evaluated 

by Scheimpflug tomography was 525  µm preoperatively 

and 455  µm measured at 12  months after surgery. Mean 

endothelial cell counts were 2750 ± 250 preoperatively and 

2800 ± 220 postoperatively, with the change possibly attrib-

utable to discontinuation of contact lens use after surgery. 
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Figure 3 Postoperative uncorrected and corrected distance visual acuity at 12 months.
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Figure 4 Image showing keratometric stability over the first 24 months for the group measured by Scheimpflug-based tomography.
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None of the patients had developed signs of ectasia at a 

mean 3.5 ± 1.6 years of follow-up. Cornea optical coher-

ence tomography showed signs of hyper-reflectivity sur-

rounding the flap interface in the majority of cases, as seen 

in Figure 7.

Discussion
For over 10 years now, we have treated patients relatively 

successfully combining cross-linking with laser refractive 

normalization of the ocular surface, a technique known 

locally as the Athens protocol.17–23 As noted earlier, it is well 

known that LASIK reduces the biomechanical stability of the 

cornea by intersecting with structural lamellae in the anterior 

cornea and, of course, by removing some of the structural 

lamellae in lieu of ablation.

Although post-LASIK ectasia continues to be an 

extremely rare occurrence, we have long advocated the poten-

tial benefit of cross-linking at the completion of LASIK to 

Predictability of SE correction
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Figure 6 Spherical equivalent correction predictability for the group at 12 months.
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Figure 5 Safety data for the group at 12 months.
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prevent this complication. We introduced this concept mainly 

as a result of practicing in a population with a particularly 

high rate of keratoconus24 and after discovering that several 

patients whom we have treated in the past with LASIK have 

siblings or close relatives with clinical keratoconus that we 

did not know of at the time of the original LASIK procedure. 

The rationale of treatment using a LASIK flap (as opposed to 

irradiating the riboflavin-soaked stroma) is to reduce stromal 

exposure time and the risk of flap dehydration.

In the Southern Mediterranean region, specifically in 

our clinical setting in Athens, it would probably be justi-

fied to take measures to prevent corneal ectasia, in addition 

to screening for irregular topography and topometry and 

ensuring an adequate residual stromal bed (we use 320 µm 

as the minimum planned residual stroma bed after LASIK) 

in patients who are undergoing LASIK for high myopia, are 

of young age, and/or have a corneal thickness that would 

prompt us to do so (original corneal thickness less than 

530 µm).

There is no published literature to date evaluating the 

effect of prophylactic collagen cross-linking in routine 

LASIK cases. As noted previously, prophylactic cross-linking 

may offer a significant benefit, especially in younger patients 

with unknown family member corneal status,especially in 

younger patients in countries with high incidence of kerato-

conus. The risk of a family member or sibling having irregular 

topograohically corneas may be higher and thus an increased 

risk for post-LASIK ectasia may exist, even when all param-

eters evaluated in the specific patient apopear normal. We 

generally employ prophylactic CXL routinely in LASIK cases 

with one or more of the below: a-over 6 diopters of myopia, 

b-cases with over 1 diopter of astigmatism, c-patients under 

30 years old and last d-when co=minimal cornea pachymetry 

is under 520 mm. It is our understanding that some of the so-

called LASIK “regressions” may actually be biomechanical 

responses to thinning of the cornea and interruption of the 

collagen lamellae in the surface of the corneal stroma. These 

changes may create a “controlled” rather than ectasia-like 

change of the cornea, making it steeper with time. This 

phenomenon may be a mechanical effect on the cornea from 

one or a combination of several mechanisms, ie, blinking, 

eye rubbing, intraocular pressure pushing from in towards 

out, continuous pulsating mechanical change onto the cornea 

induced by the heartbeat pulse pressure wave in the body, and 

eye collagen content in the years following the procedure.

In this small study, we established that prophylactic colla-

gen cross-linking is safe in routine LASIK cases. We had seen 

no adverse effects or overcorrection in any of our patients, 

nor any significant unpredicted refractive result. It would be 

interesting to use one eye as a control in a prospective study 

in regard to prophylactic cross-linking, but this unfortunately 

was not done in the present study. Technology such as the 

Corvis® ST (Oculus, Germany) or the ORA could be used 

in controlled one-eye studies, to document the efficacy of 

cross-linking. We have recently switched to using the KXL 

(Avedro, Waltham, MA) and applying 30 mW/cm2 for just 

one minute, given that this device delivers the same total 

fluence of ultraviolet light to the corneal stroma and reduces 

treatment time, and reduces treatment time. We have since 

emloyed yet higher fluence of UV light for this purpose. We 

currently utililize the KXL device (Avedro, Waltham, MA) 

with settings of 30 mW/cm2 for 90 seconds instead of the 

10 mW/cm2 for 5 minutes described herein.

Of course, one would wonder why there is a need for 

prophylactic collagen cross-linking when corneal ectasia is an 

extremely rare occurrence. Nonetheless, this concept should 

be evaluated in larger studies to establish the possibility that 

this intervention may offer greater stability of the LASIK 

effect, which has shown surprising changes in a large propor-

tion of patients in several long-term studies. Almost 10% of 

patients who have had high myopia corrected show changes 

over a period of 10 years.25,26 Prophylactic cross-linking may 

reduce the possibility of such changes.

In general, it could be said that one of the major disadvan-

tages of LASIK compared with photorefractive keratectomy 

is the reductions of the biomechanical stability of the cornea. 

If one could then establish that biomechanical stability 

has recurred after use of collagen cross-linking in routine 

LASIK cases, then that would further enforce LASIK as 

the primary refractive procedure because it has a favorable 

safety record, is tolerated by patients very well, and enables 

a rapid return into daily activities. Although not tested in this 

small group, it would be interesting to study the potential 

difficulty of retreatment in patients who have undergone 

Figure 7 Anterior segment OCT image of a treated cornea. 
Note: There is hyper-reflectivity evident over and under the LASIK flap (red arrows). 
Abbreviations: OCT, optical coherence tomography; LASIK, laser-assisted in situ 
keratomileusis.
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LASIK with prophylactic cross-linking. Larger studies and 

better follow-up would establish the efficacy and safety of 

this proposed novel intervention.
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