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Pearls for combining crosslinking and 
excimer laser reshaping of the cornea 
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We introduced: Higher fluence CXL:  
6 mW/cm2 

%�

AAO 2008:  
CXL for 15 minutes utilizing 
7mW/cm2 fluence 



���������	��
���

Introduced: femto-assisted higher 
fluence  CXL (10mW)  
in intracornea pocket 

journalofrefractivesurgery.com2

Femtosecond Laser-assisted Intracorneal CXL/Kanellopoulos

SURGICAL TECHNIQUE
Intrastromal Pocket Creation. Under topical 1% 

proparacaine anesthesia (Alcaine; Alcon Laboratories 
Inc, Ft Worth, Tex), the IntraLase FS60 (Abbott Medi-
cal Optics, Irvine, Calif) femtosecond laser was used 
to create an intrastromal pocket with a nasal hinge at 
100-μm corneal depth, 7-mm diameter centered at the 
pupil, and a 10° temporal side-cut (Fig 1).

Following the pocket creation, a small Jameson 
muscle hook (Rumex International Co, St Petersburg, 
Fla) was used to enter and bluntly dissect the pocket.

Collagen Cross-linking. A 0.1-mL dose of 0.1% ribo-
fl avin solution was administered twice with a 25-gauge 
air cannula into the intrastromal pocket until it was 
clearly visualized that the entire pocket was colored 
bright yellow from the presence and stromal infi ltra-
tion of the ribofl avin solution (Fig 2). After 2 minutes, 
the UVA light exposure was started. The slit lamp con-
fi rmed rapid homogeneous ribofl avin diffusion within 
the corneal stroma. Ultraviolet A irradiation source of 
~370 nm wavelength (365 to 375 nm) was used to ir-
radiate the corneal surface. The effective fl uence at the 
corneal surface was calibrated at 7 mW/cm2 for a dura-
tion of 15 minutes. The total amount of UVA irradia-
tion delivered at the corneal plane of a 9-mm diameter 
was calculated to be 6.3 J.

Postoperative medications included topical ofl oxa-
cin and 1% prednisolone acetate four times a day for 
1 week. Patients were evaluated at postoperative day 
1, week 1 , months 1 and 3, and every 6 months there-
after to last follow-up.

RESULTS
The Table shows pre- and postoperative uncorrected 

visual acuity (UCVA), best spectacle-corrected visual 
acuity (BSCVA), steepest K, minimum K, endothelial 
cell count, and corneal thickness.

In mean values, UCVA improved from 20/50 to 
20/40, BSCVA was unchanged at 20/20, mean sphere 
was reduced by 0.50 D, mean cylinder was reduced by 
0.90 D on average, steepest K was reduced from 49.50 
to 48.10 D, and no ectasia progression or change in 
endothelial cell count was noted in any patient during 
follow-up. An initial reduction of corneal thickness 
at 1 month at approximately 5% of preoperative mea-
surement was noted. The mean thinnest corneal thick-
ness appeared to increase at 18 months by 5% on aver-
age. All patients returned to full activities within 1 day 
postoperative. No adverse effects were noted in any of 
the patients studied. Mean follow-up was 26 months 
(range: 18 to 36 months).

Slit-lamp microscopy revealed no epithelial defects 
or diffuse light scattering in the anterior two-thirds of 
the corneal stroma, which is consistent with our clini-
cal fi ndings using the standard CXL technique (Fig 3).

DISCUSSION
Collagen CXL utilizing UVA irradiation and ribofl a-

vin solution has been applied clinically for the treat-
ment of corneal ectasia, keratoconus, and bullous kera-
topathy over the past 6 years.12-16 We have presented 
the implementation of this intervention modality as 
a means to stabilize corneal ectasia associated with 
LASIK and keratoconus.14 The documented benefi t 
in corneal ectatic disorders is nevertheless associated 
with the shortcomings of epithelial removal and topi-

Figure 1. Clinical photograph demonstrating the intracorneal “pocket” 
created with the IntraLase FS60 femtosecond laser. The cornea has been 
laminated at 100 μm-depth, in a 7-mm diameter disk, and a side-cut 
of 10°, which can be seen at the top of the picture, depicting the actual 
vertical separation that will make it possible to enter the pocket from the 
corneal surface.

Figure 2. Clinical photograph demonstrating the infusion of 0.1 mL of 
0.1% riboflavin solution within the femtosecond laser-created intrastro-
mal pocket to facilitate intrastromal cross-linking.
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ABSTRACT

PURPOSE: To evaluate the safety and effi cacy of a novel 
femtosecond laser-assisted technique for intracorneal ad-
ministation of ribofl avin and higher fl uence ultraviolet A 
(UVA) light in collagen cross-linking (CXL) for keratoconus.

METHODS: Ten cases of early keratoconus were treat-
ed with CXL and followed for a mean of 26 months 
(range: 18 to 36 months). Using a femtosecond laser, 
a 100-μm deep, 7-mm diameter intracorneal pocket 
was created. Two 0.1-mL doses of 0.1% ribofl avin sodium 
phosphate solution were infused into the pocket and, 
with a 2 minute soak period, the cornea was irradi-
ated with 7 mW/cm2 UVA light of mean 370 nm wave-
length for 15 minutes. Changes to uncorrected (UCVA) 
and best spectacle-corrected visual acuity (BSCVA), re-
fraction, keratometry (K), corneal thickness, Pentacam 
topography, endothelial cell count, and intraocular pres-
sure were evaluated.

RESULTS: Mean UCVA improved from 20/50 to 20/40, 
BSCVA was unchanged at 20/20, mean sphere was re-
duced by 0.50 diopters (D), mean cylinder was reduced 
by 0.90 D, maximum mean K reduced from 49.50 to 
48.10 D, no ectasia progression (defi ned as increase in 
K over 3-month follow-up) was noted during the follow-
up time studied, and no statistically signifi cant change 
in endothelial cell count was seen. The mean thinnest 
corneal thickness appeared to initially reduce but the 
mean returned to at least the preoperative level by 18 
months. All patients returned to full activities within 1 
day postoperative. No adverse effects were noted in any 
of the cases studied.

CONCLUSIONS: This novel epithelium-sparing, rapid 
soak-and-treat method of intrastromal ribofl avin instil-
lation and higher fl uence UVA light for CXL appears 
to be safe and effective. No negative biomechanical 
effect (ectasia/epithelial ingrowth) was noted due to the 
femtosecond laser-created pocket. Because minimal 
epithelial injury occurs using this technique, postopera-
tive pain appears to be signifi cantly reduced. [J Refract 
Surg. 2009;xx:xxx-xxx.] doi:10.3928/1081597X-2009

T he management of keratoconus with collagen cross-
linking (CXL) utilizing ultraviolet A (UVA) light ir-
radiation and simultaneous topical ribofl avin admin-

istration has been studied at length both in the laboratory as 
well as clinically1-14 and received CE marking in December 
2006 for clinical use in the European Union countries. The 
standard technique involves partial or complete central epi-
thelial removal followed by topical administration of ribofl a-
vin 0.1% solution to achieve intrastromal penetration.1

It was theorized that by instilling the ribofl avin solution 
paracentrally within the cornea, with minimal epithelial sur-
face disturbance, and by using a higher fl uence UVA light 
source the following could be targeted: 1) faster re-epitheliali-
zation and visual rehabilitation for the patient with signifi cant 
reduction in pain from the procedure; 2) faster diffusion/soak 
period as the (large molecule, in regard to the Bowman’s layer 
barrier) ribofl avin is directly injected at depth via the intra-
stromal pocket, providing greater shielding near the endothe-
lium; and 3) selective CXL of the anterior two-thirds of the 
cornea. We expected minimal toxicity to the endothelium, as 
no signifi cant concentration of ribofl avin with this technique 
was expected to be activated by stray UVA light at that level.

PATIENTS AND METHODS
Ten consecutive “early” keratoconic corneas were selected 

with the following criteria: topographic evidence of keratoco-
nus (keratometry [K] �48.00 diopters [D] and/or inferior steep-
ening �1.00 D) in the superior half of the cornea, minimum 
corneal thickness �500 μm, and patient age �18 years.
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CASE REPORT

Collagen Cross-Linking (CCL) With Sequential
Topography-Guided PRK

A Temporizing Alternative for Keratoconus
to Penetrating Keratoplasty

A. John Kanellopoulos, MD*†‡ and Perry S. Binder, MS, MD§

Purpose: To assess the effectiveness of ultraviolet A (UVA)

irradiation–induced collagen cross-linking (CCL) on keratoconus

(KC) progression.

Methods: A patient with bilateral, progressive KC underwent

UVA irradiation (3 mW/cm2 for 30 minutes) after topical 0.1%

riboflavin drops over a deepithelialized cornea. Twelve months later, a

topography-guided penetrating keratoplasty (PRK; wavelight 400 Hz

Eye-Q excimer) was performed in 1 eye for a refractive error of

23.50 24.00 3 155 by using an attempted treatment of 22.50

23.00 3 155. At all postoperative follow-up visits to 18 months,

uncorrected visual acuity (UCVA), best spectacle-corrected visual

acuity (BSCVA), pachymetry, and topography were performed.

Results: In the treated left eye, the UCVA after the UVA CCL

improved from 20/100 to 20/80, and the BSCVA improved from

20/50 to 20/40. Eighteen months after the topography-guided PRK,

the UCVA was 20/20, and the BSCVA was 20/15, with a refractive

error of Plano 20.50 3 150. The cornea was clear, and the endo-

thelial cell count remained unchanged. The untreated right mate eye

continued to progress during the same period.

Conclusions: The significant clinical improvement and the

apparent stability of more than a year after UVA CCL, and subse-

quent PRK compared with the untreated mate eye, seems to validate

this treatment approach for KC. An adjusted nomogram may be

considered in the ablation of cross-linked cornea tissue to avoid

overcorrections.

Key Words: keratoconus, cornea ectasia, surgical management,

collagen cross-linking, ultraviolet A, riboflavin, customized topography-

guided cornea ablation, visual rehabilitation

(Cornea 2007;26:891–895)

Keratoconus is a bilateral, nonsymmetric, and noninflam-
matory progressive corneal degeneration. Its incidence has

been thought to be 1 in 2000 in the general population,1 but the
increased number of eyes undergoing screening for laser
refractive surgery suggests the prevalence may be higher. It
can be diagnosed at puberty, with up to 20% of the eyes pro-
gressing to the extent that penetrating keratoplasty is
indicated.2 Although spectacles and contact lenses can provide
useful vision in many cases, there are several surgical options
for those cases that can no longer benefit from them: implan-
tation of intracorneal ring segments (Intacs or Ferrera rings),3

lamellar keratoplasty,4 or penetrating keratoplasty.2 Other
ectatic corneal disorders such as Pellucid marginal degener-
ation5 and post-LASIK ectasia6 require similar treatment
approaches. Although penetrating keratoplasty for ectatic cor-
neal disorders is highly successful, many eyes require contact
lenses to correct the unpredictable topographic changes that
are associated with sutures and postsuture abnormal corneal
shapes, and sometimes the contact lens is not successful.7

In recent years, basic laboratory studies and subsequent
clinical studies have suggested that by increasing the collagen
cross-linking (CCL) of the corneal stromal collagen, one is
able to increase the stiffness (biomechanics?) of the cornea
with attendant stabilization of the normally progressive
corneal disorder.8–16 We present a case of bilateral progressive
keratoconus that underwent unilateral CCL followed by PRK
with an excellent outcome.

CASE REPORT
A 26-year-old male patient had been treated with gas-

permeable contact lenses for 8 years before his presentation. Because
of debilitating giant papillary conjunctivitis he was no longer able to
wear the contact lens; spectacles were unable to provide functional
vision because of poor vision and asthenopia. At the time of his
examination, his uncorrected visual acuity (UCVA) was 20/40 in the
right eye and 20/100 in the left eye, and his best spectacle-corrected
visual acuity (BSCVA) was 20/15 OD (manifest refraction 20.75
20.75 3 165) and 20/50 OS (manifest refraction 23.75 24.50 3
155). The keratometry readings were as follows: OD, 43.25 3
10/44.253 100; OS, 45.503 05/48.503 95 (Topolyzer; Wavelight,
Erlagen, Germany).

Slit-lamp examination of the right eye failed to show clinical
findings associated with keratoconus such as a Fleischer ring, Vogt
striae, or a noticeable excessive thinning of the central or paracentral
cornea. The central pachymetry was 520 mm (Orbscan II; Bausch and
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CXL followed 6 months later by a partial tPRK 

Over the last 7 years we have treated over 
 800 cases of KCN and ectasia with CXL 
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The Athens Protocol 
7-years 
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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 ultraviolet 
A (UVA) corneal collagen cross-linking (CXL).

METHODS: Thirty-two consecutive corneal ecta-
sia cases underwent transepithelial PRK (WaveLight 
ALLEGRETTO) immediately followed by CXL (3 mW/cm2) 
for 30 minutes using 0.1% topical ribofl avin sodium 
phosphate. Uncorrected distance visual acuity (UDVA), 
corrected 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 CDVA of 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 2 was present in 2 eyes. 

CONCLUSIONS: Combined, same-day, 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. Seventeen of 
32 eyes appeared to have improvement in UDVA and 
CDVA with follow-up �1.5 years. This technique may of-
fer an alternative in the management of iatrogenic cor-
neal ectasia. [J Refract Surg. 2011;27(5):323-331.] 
doi:10.3928/1081597X-20101105-01

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. The application of CXL in cor-
neal ectasia after LASIK has been reported previously.6 Once 
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development of keratoconus and 
post-refractive ectasia at an early 
stage,” said Francis W. Price Jr., 
MD, in private practice in India-
napolis. “Perhaps we will reach the 
point where corneal transplants 
will no longer be needed for these 
conditions.” Catherine Warren, 
RN, executive director of the Na-
tional Keratoconus Foundation 
(www.nkcf.org), agreed. “CXL is 
a ray of hope for those who have 
keratoconus.”

Progress derailed. Recently, 
however, that ray of hope flick-
ered when two large, multicenter 
clinical trials testing CXL in kera-
toconus and ectasia were halted 
in the United States (see “Why Is 
a Promising Therapy Stalled?”). 
What appeared to be a solid treat-
ment backed by promising results 
from international studies and 
anecdotal reports has become a 
lesson in frustration, both for doctors wanting to of-
fer that ray of hope, and for patients desperate to stop 
the progression of keratoconus, which is the cause of 
about 15 percent of corneal transplants performed in 
the United States.2 Some American patients are now 
traveling outside the United States for CXL, though 
others may be lucky enough to enroll in the few 
small, surviving American studies.  

Meanwhile, the search for new CXL applica-
tions continues in the United States and abroad, as 
researchers are trying it for everything from corneal 
melting disorders and bullous keratopathy to infec-
tious keratitis, corneal edema and Terrien keratopa-
thy. It is also being used for keratoconus in combina-
tion with other procedures, such as PRK and corneal 
inlays. Some key examples of CXL applications are 
explored below, followed by questions regarding the 
progress of the U.S. studies.

Combination PRK with CXL. A. John Kanellopou-
los, MD, introduced the concept of combining CXL 
with a partial PRK.3,4 The rationale for this one-two 
procedure is first to normalize an irregular cone 
with topography-guided PRK and then to stabilize 
the ectatic process with CXL. Dr. Kanellopoulos 
is an associate professor of ophthalmology at New 
York University but also practices in Athens, where 
keratoconus appears to be endemic and where he has 
treated over 800 cases of keratoconus and more than 
50 post-LASIK ectasia eyes.  

For the PRK, Dr. Kanellopoulos utilizes the 
topography-guided platform by WaveLight in highly 
irregular corneas that are usually beyond the limits 
of wavefront measuring devices. He said that in one 
of his studies, the combined PRK/CXL, same-day 
cases had better UCVA and BCVA and less corneal 
scarring than the control group, which got sequential 
treatments. By combining the procedures, Dr. Kanel-
lopoulos has seen a reduction in grafts by 80 percent 
over the last six years.

But the limitations of the procedure are still 
unknown, Dr. Kanellopoulos said. For example, he 
asked, how much ectasia and what types of ectasia 
can safely and predictably be corrected? Is there a 
minimum pre-CXL corneal thickness that will not 
respond to treatment?

Corneal edema and stromal melting. CXL, 
which causes stiffening and compaction of the cor-
neal lamellae, thus reducing swelling, also has the 
potential to minimize stromal melting and corneal 
edema from endothelial dysfunction, Dr. Price hy-
pothesized. “This might be an alternative to corneal 
transplants for bullous keratopathy.”

Infectious keratitis. Dr. Price also has been 
evaluating CXL to treat infectious keratitis. He has 
launched a single-center, physician-sponsored study 
that will enroll 200 subjects randomized to 15- or 
30-minute UVA treatments. It is designed to evaluate 
how effective CXL is in treating infections that are 
full thickness in the cornea. “We know that the treat-
ment kills the keratocytes and it can kill organisms 
in the cornea as well,” he said, explaining that the 

VISUAL CORRECTION�ANATOMICAL INSULT�ANATOMICAL COR-

RECTION. (1) Two-year postop LASIK with normalization of irregular 
astigmatism; UCVA is 20/20 and BCVA is 20/15 with + 0.25–0.25 
@95. (2) Topography by Wavelight Oculyzer shows three-year post-
LASIK inferior steepening and progressive ectasia. Visual acuity at this 
stage is 20/30 with +1.25 –2.75 @135. (3) Improvement achieved with 
topography-guided PRK and same-day CXL.

1 2 3
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Simultaneous Collagen Cross-linking and 
Topography-guided PRK for Treatment of 
Keratoconus
Anastasios John Kanellopoulos, MD

From the Laservision.gr Institute, Athens, Greece; New York University Medical 
College and Manhattan Eye, Ear and Throat Hospital, New York, NY.

Presented in part as a poster at the annual ARVO meetings in 2004-2008; 
an invited lecture at the Annual ISRS/AAO Refractive Surgery Subspecialty 
Day, November 9-10, 2007, Las Vegas, Nev; a paper at the annual ESCRS 
symposium, September 11, 2008, Berlin, Germany; and a paper at the 4th 
International Congress of Corneal Cross-linking, December 5-6, 2008, Dresden, 
Germany.

Correspondence: Anastasios John Kanellopoulos, MD, Laservision.gr 
Institute, 17 Tsocha St, Athens 11521, Greece. Tel: 30 210 7472777; 
Fax: 30 210 7472789; E-mail: ajk@brilliantvision.com

ABSTRACT

PURPOSE: The safety and effi cacy of corneal collagen 
cross-linking (CXL) and topography-guided photorefractive 
keratectomy (PRK) using a different sequence and timing 
were evaluated in consecutive keratoconus cases. 

METHODS: This study included a total of 325 eyes with 
keratoconus. Eyes were divided into two groups. The 
fi rst group (n=127 eyes) underwent CXL with subse-
quent topography-guided PRK performed 6 months later 
(sequential group) and the second group (n=198 eyes) 
underwent CXL and PRK in a combined procedure on the 
same day (simultaneous group). Statistical differences 
were examined for pre- to postoperative changes in un-
corrected (UCVA, logMAR) and best-spectacle-correct-
ed visual acuity (BSCVA, logMAR), manifest refraction 
spherical equivalent (MRSE)/refraction, keratometry (K), 
topography, central corneal thickness, endothelial cell 
count, corneal haze, and ectatic progression. Mean fol-
low-up was 36�18 months (range: 24 to 68 months).

RESULTS: At last follow-up in the sequential group, 
the mean UCVA improved from 0.9�0.3 logMAR to 
0.49�0.25 logMAR, and mean BSCVA from 0.41�0.25 
logMAR to 0.16�0.22 logMAR. Mean reduction in 
spherical equivalent refraction was 2.50�1.20 diop-
ters (D), mean haze score was 1.2�0.5, and mean 
reduction in K was 2.75 �1.30 D. In the simultaneous 
group, mean UCVA improved from 0.96�0.2 logMAR 
to 0.3�0.2 logMAR, and mean BSCVA from 0.39�0.3 
logMAR to 0.11�0.16 logMAR. Mean reduction in 
spherical equivalent refraction was 3.20�1.40 D, mean 
haze score was 0.5�0.3, and mean reduction in K was 
3.50�1.3 D. Endothelial cell count was unchanged 
(P�.05) in both groups. Statistically, the simultaneous 
group did better (P�.05) in all fi elds evaluated, with im-
provement in UCVA and BSCVA, a greater mean reduc-
tion in spherical equivalent refraction and keratometry, 
and less corneal haze.

CONCLUSIONS: Same-day simultaneous topography-
guided PRK and CXL appears to be superior to sequen-
tial CXL with later PRK in the visual rehabilitation of pro-
gressing keratoconus. [J Refract Surg. 2009;xx:xxx-xxx.]
doi:10.3928/1081597X-2009

K eratoconus is a bilateral, non-symmetric, noninfl am-
matory progressive corneal degeneration that fre-
quently manifests in post-pubescent young adults 

as progressive steepening attributed to biomechanical stro-
mal collagen weakening. Its incidence has been reported to 
be 1 in 2000 in the general population,1,2 but approximately 
four-fold greater among certain ethnic groups. The increased 
number among eyes undergoing screening for laser refractive 
surgery suggests the prevalence may be higher. Current surgi-
cal/nonsurgical interventions such as spectacles and contact 
lenses, intracorneal ring segment implantation,3,4 lamellar ker-
atoplasty,5 and, the gold standard, penetrating keratoplasty,6 
although popular, have limitations.7,8

In recent years, basic laboratory studies and subsequent 
clinical studies have demonstrated stiffening of the cornea 
with use of ultraviolet A (UVA) light and ribofl avin solution 
as a photosensitizer-initiated corneal collagen cross-linking 
(CXL) with no loss in corneal transparency. The CXL proce-
dure has demonstrated the revolutionary potential for retard-
ing or eliminating the progression of keratoconus and postop-
erative LASIK ectasia.9-17

We have performed over 1000 CXL treatments in our facil-
ity over the past 7 years both for postoperative LASIK ectasia 
and keratoconus with satisfactory outcomes. We have also 
demonstrated that topography-guided ablation of the cross-
linked corneal stroma can “normalize” the highly irregular 
corneal surface in these eyes by reducing irregular astigma-
tism and often reducing the refractive error as well, providing 
patients with improved visual outcomes.18-21
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K
eratoconus is a bilateral, nonsym-
metric, noninflammatory progres-
sive corneal degeneration. Its
reported incidence is one in 2,000 in

the general population,1,2 but the increased
number of eyes undergoing laser refractive
surgery screenings suggests the prevalence
may be higher. It can be diagnosed at puber-
ty, with up to 20% of eyes progressing to the
extent that penetrating keratoplasty (PK) is
indicated. Although spectacles and contact
lenses provide useful vision in many cases,
several surgical options are available for
patients who can no longer benefit from
them, including intrastromal corneal ring
segments,3,4 lamellar keratoplasty,5 or, the
gold standard, PK.6,7

Other recently encountered iatrogenic ectatic corneal dis-
orders, such as post-LASIK ectasia8 and post-PRK ectasia,9

require similar treatment approaches. Although PK for
ectatic corneal disorders is highly successful, many eyes
require contact lenses to correct the unpredictable topo-
graphic changes associated with sutures and post-suture
abnormal corneal shapes. Sometimes, the contact lens is
unsuccessful.10 Additionally, long-term allograft rejection is a
great concern in this young group of patients.

In recent years, basic laboratory studies and subsequent
clinical studies have suggested that increasing the crosslink-
ing of the corneal stromal collagen increases corneal stiff-
ness, with attendant stabilization of this normally progres-
sive corneal disorder.11 Clinically, the use of topical riboflavin
combined with UV-A irradiation to increase collagen
crosslinking (CXL) has demonstrated a revolutionary poten-
tial for retarding or eliminating the progression of kerato-
conus and post-LASIK ectasia.12-19

Sequential Versus
Simultaneous CXL and

Topography-Guided PRK 
Simultaneous treatment appears to provide superior rehabilitation of keratoconus. 

BY A. JOHN KANELLOPOULOS, MD

Figure 1. Representative corneal topographies from sequential exams are

shown in a case from group B.One can appreciate the difference map (right)

between pre- (left) and 2-year postoperative (middle).The data demonstrate the

change of keratometric data from 49.00 and 44.30 X 60.9º to 44.00 and 41.80 X

46º.The acuity and refraction data of this 29-year-old patient who changed from

UCVA 20/100 to 20/25 are: BCVA 20/30 with -2.75 -3.50 X 65º to BCVA 20/20 with

+0.50 -1.00 X 35 at 2 years.The difference saggital topography illustrates the

surface change achieved by the PRK and CXL combined technique.This change

resembles a combined myopic PRK over the cone apex and a hyperopic PRK,an

attempt by the topography-guided software  to normalize the corneal irregular-

ity with minimal central tissue removal.Some central area is flattened and some

adjacent central area is steepened.

* Editor’s note: The following three articles
discuss the benefits of combining corneal col-
lagen crosslinking with topography-guided
PRK. Although it is safe to perform topography-
guided PRK 6 months after CXL, some surgeons
are also experimenting with a simultaneous
approach, combining CXL and PRK in a single
session. Share your approach: Send your
response to lsuarez@bmctoday.com.

© 2012 Kanellopoulos, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.
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The management of cornea blindness  
from severe corneal scarring, with the Athens 
Protocol (transepithelial topography-guided  
PRK therapeutic remodeling, combined with 
same-day, collagen cross-linking)

Anastasios John 
Kanellopoulos
Laservision.gr Institute, Athens, 
Greece; Manhattan Eye, Ear and 
Throat Hospital, New York, NY, USA; 
New York University Medical School, 
New York, NY, USA

Correspondence: A John Kanellopoulos 
Laservision.gr Institute, 17 Tsocha Street, 
Athens 11521, Greece 
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Fax 30 210 7472789 
Email ajk@brilliantvision.com

Purpose: To evaluate the safety and efficacy of combined transepithelial topography-guided 

photorefractive keratectomy (PRK) therapeutic remodeling, combined with same-day, collagen 

cross-linking (CXL). This protocol was used for the management of cornea blindness due to 

severe corneal scarring.

Methods: A 57-year-old man had severe corneal blindness in both eyes. Both corneas had 

significant central scars attributed to a firework explosion 45 years ago, when the patient 

was 12 years old. Corrected distance visual acuity (CDVA) was 20/100 both eyes (OU) with 

refraction: 4.00, 4.50 at 135  in the right eye and 3.50, 1.00 at 55  in the left. Respective 

keratometries were: 42.3, 60.4 at 17  and 35.8, 39.1 at 151.3 . Cornea transplantation was the 

recommendation by multiple cornea specialists as the treatment of choice. We decided prior to 

considering a transplant to employ the Athens Protocol (combined topography-guided partial 

PRK and CXL) in the right eye in February 2010 and in the left eye in September 2010. The 

treatment plan for both eyes was designed on the topography-guided wavelight excimer laser 

platform.

Results: Fifteen months after the right eye treatment, the right cornea had improved translu-

cency and was topographically stable with uncorrected distance visual acuity (UDVA) 20/50 

and CDVA 20/40 with refraction 0.50, 2.00 at 5 . We noted a similar outcome after similar 

treatment applied in the left eye with UDVA 20/50 and CDVA 20/40 with 0.50, 2.00 at 170  

at the 8-month follow-up.

Conclusion: In this case, the introduction of successful management of severe cornea abnor-

malities and scarring with the Athens Protocol may provide an effective alternative to other 

existing surgical or medical options.

Keywords: Athens Protocol, collagen cross-linking, cornea blindness, cornea scarring, 

 photorefractive keratectomy, vision

Case report
A 57-year-old man had severe corneal blindness from cornea scarring attributed to a 

firework explosion accident that occurred 45 years ago, when the patient was 12 years 

old. When we first evaluated the patient in 2009, the uncorrected distance visual acuity 

(UDVA) was 20/400 in both eyes, with pinhole improvement to 20/100 in the right 

eye and 20/70 in the left eye. There was no improvement to his visual function with 
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Topo-guided partial PRK 
 
1-Topolyzer:Placido disc topography 
2-Pentacam (Oculyzer) 
3-Pentacam HD (oculyzer II)-Refractive suite 
4-Vario (placido disc +pupil sensor+iris recognition+limbal landmarks 
recognition) 

WaveLight® FS200 
Femtosecond Laser 

WaveLight® EX500 
Excimer Laser 

WaveLight® Refractive Suite 
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Step 2: Validate Pentacams and clinical 
refraction entry 
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Step 4: OZ to 5 or 5.5mm, cyl axis to 
match topo axis 
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Step 6: PTK treatment plan 
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same day PTK > topoPRK > MMC > CXL (10mW/cm2 x 10 min) 

1- PTK 

2- topo 
-guided 
PRK 

3- 30” MMC 

4-: CXL 

6 
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� 
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The Athens Protocol, in short video: 
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UV light blockage by normal 
corneal structures 
Kolozsvári et al�
IOVS 2002;43:2165-2168 
 
Ambrosio: Athens Protocol 
eyes appear superior to CXL 
alone in biomechanical CORVIS 
testing 
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Comparison of Sequential vs Same-day 
Simultaneous Collagen Cross-linking and 
Topography-guided PRK for Treatment of 
Keratoconus
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Introduction of quantitative and qualitative cornea 
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by collagen cross-linking for keratoconus: a novel 
effect measurement benchmark

A John Kanellopoulos1,2

George Asimellis1

1Laservision.gr Institute, Athens, 
Greece; 2New York University Medical 
School, New York, NY, USA

Correspondence: A John Kanellopoulos 
Laservision.gr Eye Institute, 17  Tsocha 
Street,  Athens 11521, Greece 
Tel 30 210 747 2777 
Fax 30 210 747 2789 
Email ajk@brilliantvision.com

Purpose: To introduce a novel, noninvasive technique to determine the depth and extent of 

anterior corneal stroma changes induced by collagen cross-linking (CXL) using quantitative 

analysis of high-resolution anterior-segment optical coherence tomography (OCT) post-operative 

images.

Setting: Private clinical ophthalmology practice.

Patients and methods: Two groups of corneal cross-sectional images obtained with the 

OptoVue RTVue anterior-segment OCT system were studied: group A (control) consisted 

of unoperated, healthy corneas, with the exception of possible refractive errors. The second 

group consisted of keratoconic corneas with CXL that were previously operated on. The two 

groups were investigated for possible quantitative evidence of changes induced by the CXL, 

and specifically, the depth, horizontal extent, as well as the cross-sectional area of intrastromal 

hyper-reflective areas (defined in our study as the area consisting of pixels with luminosity 

greater than the mean 2  standard deviation of the entire stromal cross section) within the 

corneal stroma.

Results: In all images of the second group (keratoconus patients treated with CXL) there was 

evidence of intrastromal hyper-reflective areas. The hyper-reflective areas ranged from 0.2% 

to 8.8% of the cross-sectional area (mean  standard deviation; 3.46%  1.92%). The extent 

of the horizontal hyper-reflective area ranged from 4.42% to 99.2% (56.2%  23.35%) of the 

cornea image, while the axial extent (the vertical extent in the image) ranged from 40.00% 

to 86.67% (70.98%  7.85%). There was significant statistical difference (P  0.02) in these 

values compared to the control group, in which, by application of the same criteria, the same 

hyper-reflective area (owing to signal noise) ranged from 0.00% to 2.51% (0.74%  0.63%).

Conclusion: Herein, we introduce a novel, noninvasive, quantitative technique utilizing anterior 

segment OCT images to quantitatively assess the depth and cross-sectional area of CXL in the 

corneal stroma based on digital image analysis. Mean cross-sectional area showing evidence 

of CXL was 3.46%  1.92% of a 6 mm long segment.

Keywords: Collagen cross-linking, keratoconus, optical coherence tomography, higher fluence 

cross-linking, cornea ectasia, Athens Protocol

Introduction
Keratoconus (KCN) is a degenerative bilateral, progressive, noninflammatory 

disorder characterized by ectasia, thinning, and increased curvature of the cornea, 

and is associated with loss of visual acuity, particularly in relation to high-order 

aberrations.1–4
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width extent of the corneal cross-section. As shown in 

Table 2, on average the extent of the hyper-reflective area 

(CXL width) was 483.35  200.82 pixels (range, 853–38), 

corresponding to an average of 56.20% of the cross-section 

width, ranging from 99.19% to 4.42%. Of the subgroup of 

78 corneas with more than a 2.50% hyper-reflective area, the 

minimum was 12.45%.

Axial extent (depth) of demarcation
The axial extent of demarcation corresponds to what we 

describe as the depth of the CXL effect. The quantitative 

assessment is subject to the corneal thickness, which varies 

significantly among images. In each image studied, the 

corneal thickness was measured in pixels (vertical line total 

in Table 2), and was found to correspond to an average 

of 61.93  8.18 pixels (max to min, 80–38). Considering 

that 6 mm across the image corresponded to 860 pixels, 

the 61.93 pixels corneal thickness translates to 432 m 

of thickness.

Having measured the corneal thickness of each individual 

section, the distance in pixels (vertical line CXL) from the 

anterior corneal surface was measured. On average, it was 

found to be 43.81  6.96 pixels (range, 65–30), corresponding 

to 305.6 m or 70.98% of the total corneal thickness. The 

over time (postoperative) development of the depth of the 

area of demarcation, that is CXL area over time, is presented 

in Figure 3.

Discussion
By examining high-resolution corneal OCT images, we 

encountered statistically different findings between the 

treated group (KCN; group B) and the control group (A).

It appears that there is a statistically signif icant 

difference between the control group and the KCN 

group regarding the presence of a demarcation line, as 

quantitatively measured by the extent of the area of the 

hyper-reflective demarcation line, indicating a localized 

change in stromal (treated) density over the underlying 

(untreated) stroma.

In 72 of 94 cases, the demarcation line area corresponded 

to more than 2.50% of the total corneal cross-sectional area, 

with a mean  standard deviation of 3.46%  1.92%. In the 

entire control group A, by applying the same luminosity 

criteria, the similar area had a mean of 0.74%  0.63%. We 

believe that these pixel counts represent merely signal noise 

rather than reflect actual changes in stromal density. Thus, 

we can ascertain that the demarcation line viewed by OCT 

can be a good indication of the extent of collagen density 

changes induced by CXL.

Over time, these density changes become less apparent. 

The trend line shown in Figure 2 has a negative slope (reduced 

Figure 4 Example of epithelium-on CXL cornea with minimal appearance of the 
demarcation line. 
Note: Of the 61,770 pixels (cornea cross-section), only 443 correspond to a hyper-
���������	����	
��������	�
��CXL, cross-linking.

Figure 5 Example of corneal cross-sectional images examined in the study showing 
various degrees of demarcation line extent.
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•   Herein, we introduce a novel, 
noninvasive, quantitative 
technique utilizing anterior 
segment OCT images to 
quantitatively assess the depth 
and cross-sectional area of  CXL 
in the corneal stroma based on 
digital image analysis. Mean 
cross-sectional area showing 
evidence of  CXL was 3.46% 
± ?1.92% of  a 6 mm long 
segment. 

Clinical Ophthalmology 2013:7

Corneal collagen cross-linking (CXL) with riboflavin and 

ultraviolet-A irradiation is a common technique for tissue 

stabilization.5,6 Several studies have shown that CXL is an 

effective intervention to halt the progression of keratoconus 

and corneal ectasia.7

Anterior-segment optical coherence tomography 

(AS-OCT) is a promising imaging mode providing high-

resolution cross-sectional images across a meridian of 

choices that can be employed in KCN diagnosis.8,9 The 

most advanced AS-OCT systems invariably employ Fourier 

spectral-domain signal processing. As of today, there 

are a number of different spectral domain OCT systems 

commercially available.10,11

The ability to provide real-time cross sectional mapping, 

in conjunction with the very principle of operation, namely 

photon back scattering, provides the understudied application 

of quantitative assessment of the extent of stromal changes 

due to CXL.

OCT and CXL demarcation line 
observations
To date, the efficacy of CXL treatment can be monitored 

only indirectly by postoperative follow-up observations, such 

as with a Scheimpflug camera,12 or with corneal confocal 

microscopy.13

In addition, a corneal stromal demarcation line indicating 

the transition zone between cross-linked anterior corneal 

stroma and untreated posterior corneal stroma can be detected 

in slit-lamp examination as early as 2 weeks after treatment.14 

In our clinical assessment, the presence of this finding over 

the anterior two-thirds of the stroma confirms that sufficient 

CXL treatment has occurred.

Following our presentation and the introduction in the 

peer-reviewed literature of the use of OCT imaging in order 

to evaluate the CXL-induced demarcation line, OCT has seen 

some recent interest as a tool for investigating CXL effects, 

such as corneal thickness before and after CXL for KCN, 

and demarcation line depth following CXL.15–22

The principle lies in the fact that although these lines do 

not appear to affect vision, as they correspond to changes in 

stromal density, they appear as brighter (hyper-reflective) 

areas on cross-sectional corneal OCT scans. However, the 

depth and extent of stromal changes induced by CXL has 

been difficult to evaluate quantitatively in the clinic.

The motivation for our study was to advance this 

aforementioned theory by examining not only the demarcation 

line depth between the suspected CXL and the deeper cornea 

with corneal OCT, but also to attempt to quantitatively 

assess the extent of this area on a large number of patients 

over a large postoperation interval. Our novel technique is 

based on digital signal processing on cross-sectional OCT 

images of corneas, and evaluates quantitatively and, in our 

opinion, free of examiner bias, the extent of CXL changes 

in the corneal stroma.

Methods
This prospective interventional case series study received 

approval by the Ethics Committee of our Institution and 

adhered to the tenets of the Declaration of Helsinki. Informed 

consent was obtained from each subject at the time of the 

CXL intervention or at the first clinical visit. The study 

was conducted in our clinical practice on patients during 

their regular clinical visits (control group) and scheduled 

postoperative procedure visits (KCN group).

Patient inclusion criteria
The control group (50 patients, 100 eyes) consisted of patients 

with eyes with unoperated corneas (ie, normal eyes with no 

ocular pathology other than refractive error). Mean patient 

age was 35.2  9.1 years (range 19–48), equally divided 

between males and females. Before OCT corneal mapping, 

a complete ocular examination and tomographic topography 

was performed to screen for corneal abnormalities.

The second group (47 patients, 94 eyes) consisted of KCN 

patients previously operated with CXL by employing the 

Athens Protocol, which combined same-day phototherapeutic 

keratectomy epithelial removal and partial topographically-

guided photorefractive keratectomy normalization of the 

cornea ectasia, followed by high-fluence, short-duration 

riboflavin induced CXL.21

The mean patient age in this group was 28.1  7.1 years 

(range 16–45 years). There is a bias towards males in this group 

(33 males, 14 females), which is consistent with our clinical 

experience of the male–female incidence of keratoconic 
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Figure 1 (A) Typical cornea cross-sectional meridian image of a patient with KCN. 
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Results JRS Sept 09:  
Sequential (left) Vs same-day Combined (right) 
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Topometric parameter improvement: IHD 



���������	��
���)+�

Average K from 48.5 to 44 
Refraction -2.5-4.5@155 (20/70) to -1-1.5@10 (20/20) 
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Post LASIK ectasia: 26y/o pilot, from 
UCVA 20/60 to 20/15 

Kanellopoulos, MD 
www brilliantvision com
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Myopia induction!: 
Refraction from +0.75-3.50@10 (20/60) to 

-0.75-0.75@170 (20/20) due to improvement of the 
topometric parameters 

),�
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Athens Protocol: 
Some improvement in UCVA, dramatic improvement in 

BSCVA: 98% of cases at least 20/40!) 
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Athens Protocol: safety 
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Athens Protocol: 
Keratometric change over 24 months, progressive flattening 
this finding makes challenging the prediction of refractive 

correction 

%%�
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Delayed epi-closure: day 5 
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Active epithelial surface after reepitheliazation 
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Comparison of  Placido disc Vs Scheimpflug image-derived 
topography-guided excimer laser surface normalization used 

combined with CXL (the Athens Protocol) in progressive 
keratoconus cases (500!).  
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Oculink Vs Topolink in Athens Protocol 

Oculink is BETTER! 
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Vision, Ks=waste of  time in 700 KCN 
 cases test ISV and IHD! 
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Athens Protocol Vs. ICRS+CXL 
in a contralateral eye study 

Dr Sharif BADDAR of Cairo, Egypt 

Preliminary data suggest that the Athens Protocol eyes have 
 more predicatable improvement in BSCVA, quality of vision,  
less glare than ICRS+CXL eyes although a longer recovery 

Same patient 
 

< Athesns Protocol 
 
 

ICRS+CXL > 
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