
1Journal of Refractive Surgery • Vol. xx, No. x, 2010

O R I G I N A L  A R T I C L E

Management of Corneal Ectasia After LASIK 
With Combined, Same-day, Topography-
guided Partial Transepithelial PRK and 
Collagen Cross-linking: The Athens Protocol
Anastasios John Kanellopoulos, MD; Perry S. Binder, MS, MD

From LaserVision.gr Institute, Athens, Greece (Kanellopoulos); New York 
University Medical College (Kanellopoulos) and Manhattan Eye, Ear and 
Throat Hospital (Kanellopoulos), New York, New York; and Gavin Herbert 
Eye Institute Department of Ophthalmology, University of California, Irvine, 
California (Binder).

The authors have no financial interest in the materials presented herein.

Presented as a paper at the American Society of Cataract and Refractive 
Surgery annual meeting; April 9-14, 2010; Boston, Massachusetts.

Correspondence: A. John Kanellopoulos, MD, LaserVision.gr Institute, 17 
Tsocha St, Athens, 11521 Greece. Tel: 30 210 7472777; Fax: 30 210 7472789; 
E-mail: ajkmd@mac.com

Received: April 20, 2010; Accepted: October 13, 2010

Posted online:

ABSTRACT

PURPOSE: To evaluate a series of patients with corneal 
ectasia after LASIK that underwent the Athens Protocol: 
combined topography-guided photorefractive keratec-
tomy (PRK) to reduce or eliminate induced myopia and 
astigmatism followed by sequential, same-day ultravio-
let A (UVA) corneal collagen cross-linking (CXL).

METHODS: Thirty-two consecutive corneal ectasia 
cases underwent transepithelial PRK (WaveLight ALLE-
GRETTO) immediately followed by CXL (3 mW/cm2) for 
30 minutes using 0.1% topical ribofl avin sodium phos-
phate. Uncorrected distance visual acuity (UDVA), cor-
rected distance visual acuity (CDVA), manifest refrac-
tion spherical equivalent, keratometry, central ultrasonic 
pachymetry, corneal tomography (Oculus Pentacam), 
and endothelial cell counts were analyzed. Mean follow-
up was 27 months (range: 6 to 59 months).

RESULTS: Twenty-seven of 32 eyes had an improvement 
in UDVA and had CDVA 20/45 or better (2.25 logMAR) 
at last follow-up. Four eyes showed some topographic 
improvement but no improvement in CDVA. One of the 
treated eyes required a subsequent penetrating kerato-
plasty. Corneal haze grade II was present in 2 eyes. 

CONCLUSIONS: Same-day, combined topography-guided 
PRK and CXL appeared to offer tomographic stability, 
even after long-term follow-up. Only 2 of 32 eyes had 
corneal ectasia progression after the intervention. Seven-
teen of 32 eyes appeared to have improvement in UDVA 
and CDVA with follow-up !1.5 years. This technique 
may offer an alternative in the management of iatrogen-
ic corneal ectasia. [J Refract Surg. 2010;xx(x):xxx-xxx.] 
doi:10.3928/1081597X-2010

P rogressive, asymmetrical corneal steepening associ-
ated with an increase in myopic and astigmatic re-
fractive errors, combined with midperipheral and/or 

peripheral corneal thinning, represents a constellation of 
fi ndings in ectatic corneal disorders, such as keratoconus 
and pellucid marginal degeneration. Asymmetry in presen-
tation and unpredictability of progression associated with a 
myriad of abnormal topographic fi ndings describe these enti-
ties. Similar fi ndings following LASIK have been described 
as corneal ectasia.1-3 Analysis of different series of eyes de-
veloping corneal ectasia after LASIK has suggested that cer-
tain preoperative and/or operative features may be associated 
with this adverse outcome of LASIK or photorefractive kera-
tectomy (PRK).4 The fact that corneal ectasia can occur in the 
absence of these features, or that it does not occur despite the 
presence of these features,5 has confounded our understand-
ing of this entity. Nevertheless, corneal ectasia after LASIK is 
a visually disabling complication with an ultimate surgical 
treatment of penetrating keratoplasty when spectacles or con-
tact lenses can no longer provide patients with the quality of 
vision to permit activities of daily living.

Over the past 10 years, the use of topical ribofl avin com-
bined with ultraviolet A (UVA) irradiation to increase col-
lagen cross-linking (CXL) has demonstrated the potential for 
retarding or eliminating the progression of keratoconus and 
corneal ectasia after LASIK. We have previously reported the 
application of CXL in corneal ectasia after LASIK.6 Once the 
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progression has stabilized, it is possible to treat the 
surface of the eye with customized PRK to normalize 
the corneal surface by reducing irregular astigmatism 
and potentially reducing the refractive error as well 
as providing improved visual outcomes in addition to 
stabilizing the disease process.7,8 We have subsequently 
introduced the combined, same-day use of these two 
intervention modalities in the management of kerato-
conus.9-11

We present a series of patients with corneal ectasia 
after LASIK who have undergone combined, same-day 
topography-guided PRK and subsequent UVA collagen 
CXL to achieve stabilization of corneal ectasia and en-
hance visual rehabilitation.

PATIENTS AND METHODS

PATIENT SELECTION
Patients entered into this study were seen by one 

of the authors (A.J.K.) in his private practice, either 
through individual patient referral, referral from other 
eye care practitioners, or were his own patients. Once a 
diagnosis of corneal ectasia after LASIK was confi rmed 
(see below), patients were presented with the options 
of contact lens fi tting, intracorneal ring segment im-
plantation, or, in advanced cases, penetrating kerato-
plasty. If these modalities did not serve the needs of 
the patient, he/she was then presented with the option 
of undergoing topography-guided PRK and UVA colla-
gen CXL as a possible technique to prolong or prevent 
the need for penetrating keratoplasty. Patients provid-
ed verbal and written consent prior to undergoing the 
combined topography-guided PRK/CXL procedure. 

A diagnosis of corneal ectasia was made when pa-
tients developed progressive corneal steepening as-
sociated with an increasing myopic and/or astigmatic 
refractive error 2 or more months after LASIK surgery. 
These fi ndings were combined with increasing inferior 
corneal steepening and thinning based on videoker-
atography and ultrasound pachymetry. Preoperative 
LASIK clinical data and topography were requested 
from the referring physician or primary LASIK sur-
geon for analysis. Progression of the myopic refrac-
tive error with or without progression of the manifest 
astigmatism, decreasing uncorrected distance visual 
acuity (UDVA), loss of corrected distance visual acuity 
(CDVA), progressive inferior corneal steepening on to-
pography, and/or decreasing inferior corneal thickness 
were fi ndings in all cases.

CLINICAL EXAMINATION
Each patient underwent manifest refraction as well 

as measurement of UDVA and CDVA, which was re-

corded in a 20-foot lane using high-contrast Snellen 
visual acuity testing. Cycloplegic refractions were 
performed using 1% tropicamide solution (Alcon 
Laboratories Inc, Ft Worth, Texas). Slit-lamp micros-
copy confi rmed the presence of a LASIK fl ap. Kera-
tometry readings were obtained by videokeratography 
(Topolyzer; WaveLight AG, Erlangen, Germany) and/
or manual keratometry (model 71-21-35; Bausch & Lomb, 
Rochester, New York). Pachymetry was performed us-
ing at least one of the following devices/instruments: 
Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germa-
ny), Orbscan II (Bausch & Lomb), or EchoScan US-1800 
(NIDEK Co Ltd, Gamagori, Japan). Specular microscopy 
was performed using the Konan specular microscope 
(Konan Medical, Boston, Massachusetts). Topography 
was performed using the Orbscan II or Pentacam.

SURGICAL TECHNIQUE—THE ATHENS PROTOCOL
We have reported this technique in the management 

of keratoconus.9-11

Step 1. The (Partial, Spherically Corrected) To-
pography-guided Transepithelial PRK Technique. 
We devised this technique based on the proprietary 
WaveLight customized platform. As noted above, we 
previously described the use of the topography-guided 
platform with this device to normalize irregular cor-
neas as well as corneal ectasia. 

This customized excimer laser treatment is guided 
by topographic images and is different from wavefront-
guided treatments. It received CE mark for clinical use 
in the European Union in 2003; however, it has yet to 
receive US Food and Drug Administration approval.

This proprietary software utilizes topographic data 
from the linked topography device (Topolyzer). By 
default, it permits the consideration of eight topogra-
phies (of predetermined threshold accuracy), averages 
the data and enables the surgeon to adjust the desired 
postoperative cornea asphericity (chosen as zero in all 
cases), provides the option of including tilt correction 
(no tilt was chosen in all cases), as well the adjustment 
of sphere, cylinder, axis, and treatment zone (optical 
zone of 5.5 mm was chosen in all cases). The image of 
the planned surgery is generated by the laser software.

We used topography-guided PRK to normalize the 
cornea by reducing irregular astigmatism while treat-
ing part of the refractive error. To remove the minimum 
possible tissue, we decreased the effective optical zone 
diameter to 5.5 mm in all cases (compared to our usual 
treatment diameter of at least 6.5 mm in routine PRK 
and LASIK). We also planned ~70% treatment of cyl-
inder and sphere (up to 70%) so as not to exceed 50 µm 
in planned stromal removal. We chose the value of 50 
µm as the maximum ablation depth effected, based on 
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our experience of treating irregular corneas with this 
platform.7-10

Following the placement of an aspirating lid specu-
lum (Rumex, St Petersburg, Florida), a 6.5-mm, 50-µm 
phototherapeutic keratectomy (PTK) was performed 
to remove the corneal epithelium. Partial topography-
guided PRK laser treatment was applied. A cellulose 
sponge soaked in mitomycin C (MMC) 0.02% solution 
was applied over the ablated tissue for 20 seconds fol-
lowed by irrigation with 10 mL of chilled balanced salt 
solution.

Step 2. Collagen CXL Procedure. For the next 10 
minutes, the proprietary 0.1% ribofl avin sodium phos-
phate ophthalmic solution (Priavision, Menlo Park, 
California) was applied topically every 2 minutes. The 
solution appeared to “soak” into the corneal stroma 
rapidly, as it was centrally devoid of Bowman layer. 
Following the initial ribofl avin administration, 4 di-
odes emitting UVA light of mean 370-nm wavelength 
(range: 365 to 375 nm) and 3 mW/cm2 radiance at 2.5 cm 
were projected onto the surface of the cornea for 30 
minutes (Keracure prototype device, Priavision). The 
Keracure device, which has a built-in beeper, alerts 
clinicians every 2 minutes during the 30-minute treat-
ment to install the ribofl avin solution in a timely fash-
ion. A bandage contact lens was placed on the cornea 
at the completion of the combined procedures.

Postoperatively, topical ofl oxacin (Ocufl ox 0.3%; 
Allergan Inc, Irvine, California) was used four times a 
day for the fi rst 10 days and prednisolone acetate 1% 
(Pred Forte, Allergan Inc) was used four times a day 
for 60 days. Protection from all natural light with sun-
glasses was encouraged, with administration of oral 
1000 mg Vitamin C daily for 60 days postoperative. 
The bandage contact lens was removed at or around 
day 5 following complete re-epithelialization. 

EVALUATION
The following evaluations were completed before and 

after both treatments: age, sex, UDVA, CDVA, refrac-
tion, keratometry, tomography, pachymetry, endothe-
lial cell count, corneal haze on a scale of 0 to 4: (0=clear 
cornea, 1=mild haze, 2=moderate haze, 3=severe haze, 
and 4=reticular haze [obstructing iris anatomy]), and 
corneal ectasia stability as defi ned by stability in mean 
keratometry and tomography. 

CASE REPORTS 

CASE 1
A 39-year-old man had undergone LASIK in May 

2004 at another institution. At that time, according to 
patient history, UDVA was counting fi ngers in both 

eyes. Manifest refraction was "6.50 "0.50 # 020 
(20/20) in the right eye and "6.00 "0.50 # 165 (20/20) 
in the left eye. Preoperative keratometry and corneal 
thickness readings were not available. No surgical data 
were available. The patient achieved UDVA of 20/20 
in each eye, and reportedly plano refraction in both. In 
October 2005, he complained of progressively decreas-
ing vision in both eyes. At that time, UDVA was 20/50 
in the right eye and 20/40 in the left eye and he was 
told that “astigmatism was developing.”

The patient presented in March 2006, 26 months af-
ter LASIK, with a manifest refraction of $2.25 "1.75 
# 090 (20/20) in the right eye and "1.25 "0.75 # 010 
(20/20) in the left eye. Uncorrected distance visual acu-
ity was 20/40 in the right eye and 20/30 in the left eye. 
Keratometry was 38.75#90/35.62#180 in the right eye 
and 40.65#05/39.55#95 in the left eye. Central corneal 
thickness (measured with Pentacam and ultrasound) was 
495 µm in the right eye and 505 µm in the left eye, respec-
tively. A diagnosis of bilateral corneal ectasia was made. 

Because of the decrease in UDVA and the pres-
ence of corneal ectasia, the patient was informed of 
the risks, benefi ts, and alternatives of the combined 
topography-guided PRK/CXL technique (The Athens 
Protocol). This procedure was performed on both eyes 
in January 2007, 32 months after LASIK. Based on the 
clinical manifest refraction of right ($2.25 "1.75 # 90 
[20/20]) and left ("1.25 "0.50 # 005 [20/20]) eyes, the 
attempted correction was reduced to $1.75 "1.50 # 90 
and "0.75 "0.50 # 005 for the right and left eyes, re-
spectively. (The goal in the treatment was modifi ed to 
anticipate the possible long-term fl attening effect that 
CXL may have on these corneas.)

In February 2010, 37 months after topography-guided 
PRK/CXL, UDVA improved to 20/40 in the right eye and 
20/20 in the left eye with a manifest refraction of "0.75 
(20/20) in the right eye and $0.25 "0.25 # 95 (20/20) 
in the left eye. Keratometry was 37.50#85/36.62#175 
in the right eye and 37.75#79/37.87#169 in the left 
eye. Ultrasound pachymetry was 440 µm and 414 µm 
in the right and left eyes, respectively. Figure 1 demon-
strates the pre- and postoperative topographies of the 
right eye as well as the difference map after treatment 
with the Athens Protocol.

CASE 2
A 33-year-old woman reportedly had a manifest re-

fraction of "4.00 "2.50 # 90 (20/20) in the right eye 
and "1.50 "2.00 # 100 (20/20) in the left eye. No other 
preoperative data were available. The patient had a 
history of eye rubbing.

Sometime in 2002, the patient underwent bilat-
eral LASIK (the exact date is unknown and the sur-
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gical data were unavailable). Initially, the patient 
recovered excellent UDVA, but in December 2005, 
approximately 3 years postoperatively, she presented 
with slowly decreasing vision in both eyes. At that 
time, UDVA was 20/800 in each eye. Manifest refrac-
tion was "10.50 "6.00 # 105 (20/40) in the right eye 
and "7.75 "2.50 # 110 (20/30) in the left eye. Central 
corneal thickness measured by ultrasound was 395 
µm in the right eye and 410 µm in the left eye. Kera-
tometry was 52.87@103/46.12@13 in the right eye and 
47.12@111/45.00@021 in the left eye. Corneal topog-
raphy revealed bilateral corneal ectasia after LASIK, 
which was more pronounced in the right eye.

On December 19, 2005, !3 years after LASIK, the 
patient underwent topography-guided PRK/CXL in 
the right eye only, with no treatment in the left eye. 
At this time, manifest refraction was "10.50 "6.00 # 
105 (20/30) in the right eye and "7.75 "4.50 # 130 
(20/40) in the left eye. In June 2007, 18 months after 
topography-guided PRK/CXL, UDVA was 20/800 in 
each eye. Manifest refraction in the treated right eye 
had worsened to "12.00 "2.50 # 100 (20/40). Kera-

tometry was 48.00@29/47.3@119 in the right eye and 
47.87@20/46.20@110 in the left eye, and ultrasound 
pachymetry was 424 µm in the right eye and 388 µm in 
the left eye. Corneal topography revealed fl attening in 
the difference map in the right eye (Fig 2). The patient 
was unhappy with this result and is currently uncom-
fortable with her anisometropia. She decided not to 
proceed with treatment in the fellow eye because she 
was unconvinced she had benefi ted from the topogra-
phy-guided PRK/CXL procedure. She is currently wear-
ing rigid gas permeable contact lenses in both eyes.

CASE 3
A 26-year-old male helicopter pilot underwent 

LASIK in both eyes in June 2004. No operative data 
were available. The only data available from the initial 
LASIK procedure was that he had “about” "3.00 diop-
ters (D) of myopia in both eyes prior to LASIK. Uncor-
rected distance visual acuity during the initial 2 years 
after LASIK was “good” but then deteriorated in his 
right eye. He was subsequently diagnosed with corneal 
ectasia and was offered Intacs (Addition Technology 

Figure 1. Case 1. Clinical course of the right eye. Topography on the left shows marked central inferior corneal steepening consistent with corneal 
ectasia. The center image shows the final topography 2 years after initial LASIK, which is flatter and normalized. The image on the right demonstrates 
the comparison between preoperative and postoperative.
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Inc, Des Plaines, Illinois) or a corneal transplant.
He presented to our institution in September 2007, 

3 years after LASIK. Uncorrected distance visual acu-
ity was 20/40 the right eye and 20/15 in the left eye. 
Manifest refraction was $1.50 "2.00 # 65 (20/20) in 
the right eye and plano (20/15) in the left eye. Kera-

tometry was 41.62@65/43.62@155 in the right eye and 
41.75/42.12@10 in the left eye. Central ultrasound 
pachymetry was 476 µm in the right eye and 490 µm 
in the left eye. 

On September 13, 2007, 39 months after LASIK, 
combined topography-guided PRK and immediate 

Figure 2. Case 2. Topography on the left 
is before the application of the Athens 
Protocol (topography-guided PRK/CXL treat-
ment) with marked inferior steepening. The 
topography on the right shows the same 
cornea 18 months after topography-guided 
PRK/CXL with marked flattening of the 
corneal ectasia and normalization of the 
cornea.

Figure 3. Case 3. Clinical course of the 
right eye. A) Topography 3 years after 
LASIK demonstrates irregular astigmatism 
and marked inferior corneal steepen-
ing. Uncorrected distance visual acu-
ity was 20/40 and corrected distance 
visual acuity was 20/20 with refraction 
of $1.50 "2.00 # 65. B) Topography 3 
months after topography-guided PRK/CXL 
procedure demonstrates a flatter and 
normalized cornea. Uncorrected distance 
visual acuity was 20/15. C) Topographic 
reproduction of the topography-guided 
PRK treatment plan with the WaveLight 
platform. This platform plans to remove 
tissue in an irregular fashion to normalize 
the corneal ectasia seen in Figure 3A. D) 
Comparison map, derived from subtract-
ing image B from A, represents the topo-
graphic difference in this case 3 months 
after the combined treatment. The para-
central flattening is self-explanatory, as 
the PRK and CXL have flattened the cone 
apex. The superior nasal arcuate flatten-
ing represents the actual part-hyperopic 
correction, which the topography-guided 
treatment has achieved, to accomplish 
steepening in the area central to this arc. 
Thus, the topography-guided treatment 
has normalized the ectatic cornea by flat-
tening the cone apex and at the same 
time by “steepening” the remainder of the 
central cornea.
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CXL was performed in the right eye for $0.50 "1.50 
# 60. The planned laser resection was 35 µm. Prior to 
treatment, manifest refraction was $1.50 "2.00 # 65; 
we reduced the attempted sphere and cylinder, antici-
pating a subsequent fl attening effect of the sequential 
CXL procedure. Within 6 months, UDVA improved to 
20/25 and 24 months later in September 2009, UDVA 
improved to 20/15 and the manifest refraction im-
proved to plano "0.25 # 05 (20/10). Keratometry in 
the right eye was 43.00@97/43.25@07 and ultrasound 
pachymetry was 441 µm. The difference maps (Pen-
tacam) before topography-guided PRK/CXL and 2 
years postoperative are shown in Figure 3. At 3-year 
follow-up, UDVA remains at 20/10.

As a result of the improvement and stability in 
visual function, this patient has joined the United 
States Air Force as a fi ghter pilot and is currently serv-
ing in active duty.

CASE 4
A 32-year-old woman underwent LASIK in both eyes 

in December 2006 for a refractive error of "3.75 D in 
the right eye and "4.00 D in the left eye. No other data 
were available in regard to the surgery. Her vision was 

good for 2 years and then started to deteriorate. The 
treating surgeon made the diagnosis of corneal ectasia 
after LASIK in December 2008.

The patient presented to our institution in January 
2009. Uncorrected distance visual acuity was 20/100 
in the right eye and 20/20-2 in the left eye. Corrected 
distance visual acuity was 20/30 with manifest refrac-
tion of "3.25 "3.25 # 45 in the right eye and 20/15 
with $0.50 "1.25 # 100 in the left eye. Keratometry 
was 46.7@156/44.1@66 and 39.75@155/41.75@65, in 
the right and left eyes, respectively. Pachymetry read-
ings were 419 µm and 460 µm in the right and left eyes, 
respectively. The diagnosis of corneal ectasia after 
LASIK was confi rmed by Pentacam in the right eye (Fig 
4, left image). The patient was contact lens–intolerant 
and opted to undergo topography-guided PRK/CXL de-
spite the informed consent that the estimated residual 
corneal thickness would be 360 µm. This procedure 
was performed in February 2009 in the right eye.

The planned correction was "2.50 "2.50 # 45 after 
6-mm diameter, 50-µm depth PTK. After ablation, 0.02% 
MMC in a moistened weck-cell sponge was used on 
the stroma for 20 seconds. In January 2010 (11 months 
following treatment), UDVA was 20/30, CDVA was 

Figure 4. Case 4. Pentacam comparison of the right eye. The left column shows the data and topography before topography-guided PRK/CXL. The 
center column shows the postoperative data and topography. The right column shows the difference (pre- minus postoperative).
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20/20-1 with manifest refraction of "0.50 "0.75 # 141.
Keratometry was 43.3 and 42.7@103. Central corneal 
thickness was 330 µm. The pre- and postoperative 
difference map is shown in Figure 4. Endothelial cell 
count was unchanged at 20 months (2600 from 2650 
prior to application of the Athen’s protocol).

Optical coherence tomography (OCT) of the cen-
tral cornea in the right eye at 11 months postoperative 
shows hyper-refl ectivity of the anterior 2/3 of the cor-
nea (Fig 5) demonstrating the CXL effect, which we re-
ported previously when applying similar treatment in 
cases of keratoconus.10,11 The hyper-refl ective demar-
cation in the middle of the cornea in this case suggests 
a thick LASIK fl ap calculated to !200 µm by corneal 
OCT prior to application of the Athen’s protocol.

SUMMARY OF ALL CASES
A total of 32 eyes in 22 patients with corneal ectasia 

occurring 1 to 4 years after LASIK were treated. Preop-
erative LASIK data were not available in most cases. 
In the 5 patients who had available data, no irregular-
ity on topography or tomography was noted and no 
other factor of the LASIK procedure was evaluated to 
be high risk (eg, thick fl ap, residual stromal bed %250 
µm). All patients had documented progression of in-
ferior steepening in topography and/or tomography 
maps. Patient age ranged from 23 to 66 years (mean: 32 
years) with gender divided (women:men=11:11). The 
mean measurements representing values after corneal 
ectasia were confi rmed and preoperative to our tech-
nique were as follows. Mean sphere was "7.50 D and 
mean preoperative astigmatism was "2.40 D in the 32 
eyes. Mean preoperative to the original LASIK central 
corneal thickness was &525 µm in 25 of 32 eyes. The 
original LASIK laser resection data were unavailable 
in 27 eyes, and fl ap thickness was assumed or calcu-
lated using corneal OCT (Optovue, Fremont, Califor-
nia). The mean residual stromal thickness was 285 µm 
(range: 210 to 355 µm). Of all 32 ectasia cases, 15 were 
thought to have resulted from thicker than planned fl aps 
(mean residual stromal bed 230 µm), 10 showed signs of 

corneal irregularity on preoperative LASIK topography, 
and 7 had no recognizable risk factor for the develop-
ment of corneal ectasia. 

All topography-guided PRK procedures were planned 
to reduce corneal thickness by a maximum of 50 µm, de-
spite the existing refractive error, to avoid exacerbation 
of the ectasia. Most patients (19 patients, 25 eyes) com-
plained of signifi cant pain the fi rst postoperative night 
whereas others reported minimal discomfort. Mean fol-
low-up after the procedure was 27 months. 

Uncorrected distance visual acuity improved in 27 
eyes, was unchanged in 4 eyes, and worsened in 1 eye; 
it was 20/30 or better ($0.18 logMAR) in 11 of 32 eyes 
and 20/60 or worse ($0.47 logMAR) in 2 eyes. Corrected 
distance visual acuity was 20/40 or better ($0.30 
logMAR) in 27 of 32 eyes and 20/25 or better ($0.10 
logMAR) in 14 eyes.

Mean refractive error decreased by more than 2.50 D 
in 27 of 32 eyes, appeared to increase by 0.75 D in 3 
eyes, and remained stable in 2 eyes. Mean fi nal spheri-
cal equivalent refraction was "1.75 D, indicating the 
reduction of cornea irregularity was the target and not 
emmetropia. 

DISCUSSION
Topography-guided PRK fl attens some of the cone 

apex (in a fashion similar to an eccentric partial myo-
pic PRK) but simultaneously fl attens an arcuate, broader 
area of the cornea away from the cone, usually in the 
superior nasal periphery; this ablation pattern (see Fig 
3C) resembles part of a hyperopic treatment and thus 
will cause some amount of steepening or elevation ad-
jacent to the cone, effectively normalizing the cornea. 
We have introduced this concept as an effective tissue-
sparing ablation pattern in highly irregular corneas 
such as ectasia in keratoconus.12 It is this core concept 
in the topography-guided PRK treatment that makes it, 
in our opinion, more therapeutic than refractive. We 
have reported7-10 that in theory, the new “fl atter” and 
less irregular cornea shape may perform better biome-
chanically in eyes with corneal ectasia. Specifi cally, as 

Figure 5. Case 4. Optical coherence tomog-
raphy of the central cornea in the right eye 
11 months after topography-guided PRK/
CXL. The hyper-reflectivity of the anterior 
2/3 of the cornea suggests the CXL effect. 
The hyper-reflective demarcation in the 
middle of the cornea suggests a thick LASIK 
flap calculated to !200 µm.
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the corneal apex becomes a fl atter and “broader” cone 
(see Figs 3A and 3B), this may redistribute the biome-
chanical strain from the eye’s intraocular pressure and 
other external factors (eg, eye rubbing, blinking, etc). 
This effect may be further enhanced with additional 
collagen CXL strengthening. 

Same-day simultaneous topography-guided PRK 
and CXL has several advantages: 1) the combination 
reduces the patient’s time away from work, 2) perform-
ing both procedures at the same time with topography-
guided PRK appears to minimize the potential superfi -
cial stromal scarring resulting from topography-guided 
PRK (unpublished observations, December 2005), and 
3) when topography-guided PRK is performed fol-
lowing the CXL procedure, some of the cross-linked 
anterior cornea is removed, minimizing the potential 
benefi t of CXL (unpublished observations). We believe 
it may be counterintuitive to remove the cross-linked 
tissue with topography-guided PRK at a later time, as 
we are potentially removing a benefi cial layer of the 
stiffer, cross-linked cornea, which helps maintain the 
normalized corneal shape. Lastly, 4) by removing the 
Bowman layer with topography-guided PRK, this may 
facilitate ribofl avin solution penetration in the corneal 
stroma and less “shielding” of UVA light in its passage 
through the cornea, resulting in more effective CXL.

Although a patient with corneal ectasia can have an 
improved visual result with the addition of the topogra-
phy-guided PRK procedure, completely removing signif-
icant refractive errors was not our goal. We have placed 
an arbitrary “ceiling” of 50 µm to the amount of tissue 
that we safely removed centrally, anticipating that further 
thinning might destabilize the cornea’s biomechanical 
integrity, even following the “stiffening” effect of CXL.

It should be noted that the proprietary ribofl avin so-
lution used was a slightly hypotonic (340 mOsm) for-
mulation, resulting in slight “swelling” of the cornea 
intraoperatively (during CXL). This restored the cor-
neal thickness to approximately 400 µm during CXL to 
protect the corneal endothelium; we did not encounter 
any corneal endothelial decompensation in any of the 
eyes studied herein despite treating cases with corneal 
thickness less than the theoretical limit of 400 µm13 
prior to CXL (case 4).

In addition, the laser treatment was applied with 
caution, as the refractive effect of CXL (corneal fl atten-
ing) had to be anticipated. For this reason, we elected 
to always attempt a signifi cant undercorrection of both 
sphere and cylinder by at least 30%. At a later time, we 
hope to more accurately determine the new ablation 
rate of CXL stroma. 

Simultaneous topography-guided PRK and CXL ap-
pears to be effective in the rehabilitation of corneal 

ectasia after LASIK. The reality of the effi cacy of this 
treatment has been the reduction of penetrating kera-
toplasty cases performed for the indication of kerato-
conus and corneal ectasia after LASIK in our practice 
over the past 4 years. The same-day, simultaneous to-
pography-guided PRK and CXL procedure was easy 
to perform, but in some cases, the central epithelial 
surface took up to 1 month to regularize and become 
lucent. It took from 1 to 4 weeks for us to detect stable 
changes in the keratometry and topography, which 
seemed to match the visual and refractive changes. 

The main goal for all refractive surgeons is to try to 
eliminate or at least signifi cantly reduce the number of 
eyes developing corneal ectasia after PRK and LASIK. 
In some eyes, a pre-existing condition that may lead to 
corneal ectasia with either PRK or LASIK may not be 
able to be detected, but by eliminating eyes with ab-
normal preoperative topography and leaving corneas 
with the maximum clinically acceptable residual stro-
mal thickness, we will be able to reduce the number of 
eyes that develop corneal ectasia. 

Our fi ndings suggest potentially promising results 
with same-day, simultaneous topography-guided PRK 
and collagen CXL (The Athens Protocol), as a thera-
peutic intervention in highly irregular corneas with 
progressive corneal ectasia after LASIK. We have re-
ported herein effective CXL treatment in cases with 
minimal corneal thickness %350 µm. Our study dem-
onstrates that we now have another means of improv-
ing the visual and refractive results of a devastating 
complication while avoiding or delaying penetrating 
keratoplasty.
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