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Reported in 2011, we found compelling stability evidence 
in the contralateral eye hyperopic LASIK + CXL (30mW/
cm2 X 60”) group, also subsequently reported in ex-vivo 
studies 
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he evolution of laser vision correction technology 
has made the treatment of myopia, hyperopia, and 
astigmatism more accurate. Numerous studies of hy-

peropic LASIK have been reported,1-7 and as the WaveLight 
Allegretto Wave laser (Alcon Laboratories Inc, Ft Worth, Texas) 
was introduced, reports of wavefront-optimized hyperopic 
LASIK have also been published.8,9 We previously report-
ed the use of topography-guided excimer laser ablations for 
hyperopia and their advantage in correcting angle kappa.10,11

Recently, we published a report on a large cohort of topog-
raphy-guided hyperopic LASIK with long-term follow-up.12 In 
this study, we found a higher level of safety and effi cacy when 
treating hyperopia and hyperopic astigmatism with topogra-
phy-guided LASIK. Nevertheless, between 1 and 2 years post-
operatively a consistent level of regression was noted. We 
theorized that this was due to a progressive fl attening effect, 
and not due to latent hyperopia and/or accommodation loss, 
because the regression was consistent with a reduction of the 
amount of “steepening” of corneal shape achieved initially. 

We also introduced the concept of high irradiance, short 
exposure corneal collagen cross-linking (CXL)13 and prophy-
lactic CXL in myopic LASIK several years ago,14 and recently 
reported the long-term safety and effi cacy of these therapies. 
In the present study, we have attempted to evaluate the effect 
of “prophylactic” CXL in the long-term stability and safety of 
hyperopic topography-guided LASIK.

PATIENTS AND METHODS
All patients signed informed consent prior to treatment fol-

lowing the protocol set forth by the Declaration of Helsinki. 

TABSTRACT

PURPOSE: To evaluate the safety and effi cacy of intra-
stromally applied collagen cross-linking (CXL) in a com-
parative contralateral eye study of topography-guided 
femtosecond laser–assisted hyperopic LASIK.

METHODS: Thirty-four consecutive patients with hyper-
opia and hyperopic astigmatism elected to have bilateral 
topography-guided LASIK and were randomized to re-
ceive a single drop of 0.1% sodium phosphate ribofl avin 
solution under the fl ap followed by 3-minute exposure 
of 10 mW/cm2 ultraviolet A (UVA) light with the fl ap re-
aligned in one eye (CXL group) and no intrastromal CXL 
in the contralateral eye (no CXL group). All eyes were 
treated with the WaveLight FS200 femtosecond laser 
and WaveLight EX500 excimer laser (Alcon Laboratories 
Inc). Refractive error and keratometric, topographic, and 
tomographic measurements were evaluated over mean 
follow-up of 23 months.  

RESULTS: Preoperatively, mean spherical equivalent refrac-
tion was !3.15"1.46 diopters (D) and !3.40"1.78 D 
with a mean cylinder of 1.20"1.18 D and 1.40"1.80 D 
and mean uncorrected distance visual acuity (UDVA) 
(decimal) of 0.1"0.26 and 0.1"0.25 in the CXL and 
no CXL groups, respectively. At 2 years postoperatively, 
mean spherical equivalent refraction was #0.20"0.56 D 
and !0.20"0.40 D with mean cylinder of 0.65"0.56 D 
and 0.76"0.72 D and mean UDVA of 0.95"0.15 and 
0.85"0.23 in the CXL and no CXL groups, respectively. 
Eyes with CXL demonstrated a mean regression from 
treatment of !0.22"0.31 D, whereas eyes without CXL 
showed a statistically signifi cant greater regression of 
!0.72"0.19 D (P=.0001).

CONCLUSIONS: Topography-guided hyperopic LASIK 
with or without intrastromal CXL is safe and effective, 
with greater long-term effi cacy (less regression) in eyes 
with CXL. Our data suggest that the regression seen 
with hyperopic LASIK may be related to biomechanical 
changes in corneal shape over time. [J Refract Surg. 
2012;28(11 Suppl):S837-S840.] 
doi:10.3928/1081597X-20121005-05
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Hyperopic LASIK plus adjunct CXL  
introduced in 2011:a drop of 0.1% riboflavin sodium phosphate solution, spread 
over the exposed stromal bed for 60”, then CXL 30mW/cm2  X 60”  
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Methods: topography-guided treatment employed (a) surgery planning by placido-
topography (vario, alcon, ft. worth, tx) (b) femto-second-laser assisted corneal flap 140-µm 
deep, 9.5-mm diameter (FS200, alcon) (c) excimer-laser ablation centered on the 1st 
purkinje-reflection (Ex500, alcon).   following ablation, with the flap folded onto itself, 
protected with a dry wexel sponge, 0.10% saline-diluted riboflavin was placed on the 
stromal bed for 60-seconds.  then a peripheral annular-shaped topographically-
customizable design was employed for high-fluence uv-a irradiation (KXL II, Avedro, 
Waltham, MA).  visual acuity, cornea clarity, keratometry, topography, and pachymetry, 
including corneal epithelial pachymetry, as well as endothelial cell counts were evaluated.  
Results: 42 eyes were available for follow-up up to 2-years. uncorrected distance visual 
acuity improved from 5.5/10 to 9.2/10.  at 24 (8–37) months, 75.5% of the eyes were in the 
±0.50 d range and 94.4% were in the ±1.00 d range of the refractive goal. postoperatively, 
the mean sphere value was −0.39 ± 0.3 and the cylinder value was −0.35 ± 0.25. 
topographic evidence showed that ablation was made in the visual axis and not in the center 
of the cornea, thus correlating with the angle kappa. no significant complications were 
encountered.  
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Customized CXL annular pattern 
 
Conclusions 
we introduce herein the novel 
application of a topographically-
customizable collagen 
crosslinking application to 
achieve refractive and 
keratometric stability following 
hyperopic LASIK   
 


