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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 



TCAT Athens Protocol example with marked normalization 



After Athens Protocol 

Kanellopoulos MD www.brilliantvision.com 

Re-‐centering	  and	  normalizing	  an	  eccentric	  older	  LASIK	  (1997)	  



Kanellopoulos AJ: JRS Sept 09: 400 cases with 
over 2 year follow-up:  

160 cases Sequential (left) Vs 198 cases same-day Combined 
(right) 

PreOp	   PostOp	  
UCVA	  
LogMar	  

0.9	  ±0.3	   0.49	  ±0.25	  

BSCVA	  
LogMar	  

0.41	  ±0.25	   0.16	  ±0.22	  

Mean	  
Decrease	  
MRSE	  

2.50±1.2	  

Mean	  K	  
Decrease	  

2.75±1.3	  

Mean	  Haze	  
Score	  

1.2±0.5	  

Mean	  CCT	   465±45	   395±25	  

Pre-‐op	   Post-‐op	  
UCVA	  
LogMar	  

0.96	  ±0.2	   0.3	  ±0.2	  

BSCVA	  
LogMar	  

0.39	  ±0.3	   0.11	  ±0.16	  
(p<0.001)	  

Mean	  
Decrease	  
MRSE	  

3.2±1.4	  
(p<0.005)	  

Mean	  K	  
Decrease	  

3.50±1.3	  
(p<0.005)	  

Mean	  Haze	  
Score	  

0.5±0.3	  
(p<0.0052	  

Mean	  CCT	   475±55	   405±35	  
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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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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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The	  Athens	  Protocol	  4	  steps:	  	  
same day partialPRK > PTK > MMC > CXL (6mW/cm2 x 15 min) 

2-PTK 

1- topo 
-guided 
PRK 

3- 30” MMC 

4-: CXL 

6 
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Corneal Refractive Power and Symmetry Changes 
Following Normalization of Ectasias Treated With 
Partial Topography-Guided PTK Combined With 
Higher-Fluence CXL (The Athens Protocol)
Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

PURPOSE: To investigate preoperative and postopera-
tive anterior and posterior keratometry and simulated 
corneal astigmatism in keratoconic eyes treated with 
collagen cross-linking combined with anterior surface 
normalization by partial topography-guided excimer ab-
lation (the Athens Protocol).

METHODS: Anterior and posterior corneal keratom-
etry were measured by Scheimpflug imaging for 267 
untreated keratoconic eyes. Following treatment, they 
were assessed 1 year postoperatively.

RESULTS: Before treatment, average anterior kerato-
metric value was 47.06 ± 6.02 diopters (D) for flat 
and 51.24 ± 6.75 D for steep. The posterior kerato-
metric values were -6.70 ± 0.99 D (flat) and -7.67 
± 1.15 D (steep). Anterior astigmatism was on aver-
age with-the-rule (-1.97 ± 6.21 D), whereas posterior 
astigmatism was against-the-rule (+0.53 ± 1.02 D). 
The posterior and anterior astigmatism were highly cor-
related (r2 = 0.839). After treatment, anterior kerato-
metric values were 43.97 ± 5.81 D (flat) and 46.55 
± 6.82 D (steep). Posterior keratometric values were 
-6.58 ± 1.05 D (flat) and -7.69 ± 1.22 D (steep). An-
terior astigmatism was on average with-the-rule (-1.56 
± 3.80 D), whereas posterior astigmatism was against-
the-rule (+0.45 ± 1.29 D). The statistically significant 
(P < .05) keratometric changes indicated anterior sur-
face flattening -3.09 ± 2.67 D (flat) and -4.19 ± 2.96 
D (steep). The posterior keratometric changes were not 
statistically significant (P > .05).

CONCLUSIONS: Before treatment, there was a strong 
correlation between posterior and anterior corneal astig-
matism. After treatment, statistically significant anterior 
keratometric values flattened. The posterior surface 
keratometric values did not demonstrate statistically 
significant postoperative change: there was minimal 
posterior change, despite the significant anterior sur-
face normalization.

[J Refract Surg. 2014;30(5):342-346.]

eratoconus assessment employs indicators such as 
keratometric values, inferior-superior index, skew 
percentage, astigmatism, and the KISA% index.1 

Acceptable quantitative keratometric criteria include cen-
tral corneal refractive power larger than 47.2 diopters (D), 
inferior-superior dioptric asymmetry larger than 1.2 D, and 
simulated astigmatism, expressed as the difference between 
steep and flat keratometric values greater than 1.5 D.2 The 
steep and flat meridian keratometric values correspond to 
the smaller and larger anterior corneal curvature radius, 
respectively.

Corneal cross-linking (CXL) is an in vivo intrastromal pho-
to-oxidative technique with riboflavin and ultraviolet-A light 
aiming to address the advancing corneal ectasia and, conse-
quently, the keratoconus progression. With CXL, additional 
covalent bonding between stromal collagen can be achieved, 
which stabilizes the collagen framework structure.3 The re-
modeling effects of CXL on the cornea can be described by 
the reduction of mean anterior surface keratometric values.4 
Few studies have been published on the quantitative link be-
tween anterior and posterior keratometric values in kerato-
conic eyes or particularly on the postoperative effects of CXL 
on either corneal surface.

This study aims to investigate the distribution of and rela-
tionship between anterior and posterior corneal keratometric 
values and simulated anterior and posterior astigmatism on 
a large group of clinically diagnosed, untreated keratoconic 
eyes, and the 1-year postoperative effects on both anterior 
and posterior keratometric values and astigmatism induced 
by a combined procedure known as the Athens Protocol,5,6 
which intends to arrest the keratoconus progression and nor-
malize the anterior corneal surface.
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eratoconus is a degenerative bilateral, noninflam-
matory disorder characterized by ectasia, thinning, 
and irregular corneal topography.1 The disorder 

usually has onset at puberty and often progresses until the 
third decade of life, may manifest asymmetrically in the two 
eyes of the same patient, and can present with unpredictable 
visual acuity, particularly in relation to corneal irregularities.2 
One of the acceptable options3 for progressive keratoconus 
management is corneal collagen cross-linking (CXL) with ri-
boflavin and ultraviolet-A.4

To further improve the topographic and refractive out-
comes, CXL can be combined with customized anterior sur-
face normalization.5-7 Our team has developed a procedure8,9 
we have termed the Athens Protocol,10 involving sequentially 
excimer laser epithelial debridement (50 µm), partial topog-
raphy-guided excimer laser stromal ablation, and high-flu-
ence ultraviolet-A irradiation (10 mW/cm2), accelerated (10’, 
or minutes) CXL. Early results11 and anterior segment optical 
coherence tomography quantitative findings12 are indicative 
of the long-term stability of the procedure.

Detailed studies on postoperative visual rehabilitation and 
anterior surface topographic changes by such combined CXL 
procedures are rare,13-16 particularly those reporting results 
longer than 1 year. This study aims to investigate safety and 
efficacy of the Athens Protocol procedure by analysis of long-
term (3-year) refractive, topographic, pachymetric, and visual 
rehabilitation changes on clinical keratoconus management 
with the Athens Protocol in a large number of cases.

PATIENTS AND METHODS
This clinical study received approval by the Ethics Commit-

tee of our Institution and adhered to the tenets of the Declaration 

KABSTRACT

PURPOSE: To investigate refractive, topometric, pachy-
metric, and visual rehabilitation changes induced by an-
terior surface normalization for keratoconus by partial 
topography-guided excimer laser ablation in conjunction 
with accelerated, high-fluence cross-linking.

METHODS: Two hundred thirty-one keratoconic cases 
subjected to the Athens Protocol procedure were stud-
ied for visual acuity, keratometry, pachymetry, and an-
terior surface irregularity indices up to 3 years postop-
eratively by Scheimpflug imaging (Oculus Optikgeräte 
GmbH, Wetzlar, Germany). 

RESULTS: Mean visual acuity changes at 3 years 
postoperatively were +0.38 ± 0.31 (range: -0.34 
to +1.10) for uncorrected distance visual acuity and 
+0.20 ± 0.21 (range: -0.32 to +0.90) for corrected 
distance visual acuity. Mean K1 (flat meridian) kerato-
metric values were 46.56 ± 3.83 diopters (D) (range: 
39.75 to 58.30 D) preoperatively, 44.44 ± 3.97 D 
(range: 36.10 to 55.50 D) 1 month postoperatively, 
and 43.22 ± 3.80 D (range: 36.00 to 53.70 D) up to 
3 years postoperatively. The average Index of Surface 
Variance was 98.48 ± 43.47 (range: 17 to 208) pre-
operatively and 76.80 ± 38.41 (range: 7 to 190) up 
to 3 years postoperatively. The average Index of Height 
Decentration was 0.091 ± 0.053 µm (range: 0.006 
to 0.275 µm) preoperatively and 0.057 ± 0.040 µm 
(range: 0.001 to 0.208 µm) up to 3 years postopera-
tively. Mean thinnest corneal thickness was 451.91 
± 40.02 µm (range: 297 to 547 µm) preoperatively, 
353.95 ± 53.90 µm (range: 196 to 480 µm) 1 month 
postoperatively, and 370.52 ± 58.21 µm (range: 218 
to 500 µm) up to 3 years postoperatively. 

CONCLUSIONS: The Athens Protocol to arrest keratec-
tasia progression and improve corneal regularity dem-
onstrates safe and effective results as a keratoconus 
management option. Progressive potential for long-term 
flattening validates using caution in the surface normal-
ization to avoid overcorrection.

[J Refract Surg. 2014;30(2):88-92.]
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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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CXL can have dramatic refractive effects!  

AP with 3mW X 30 minutes CXLcase from 2005 
No scar developed, Now 2013 has Flattened 12D!!! 
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Short	  and	  long	  term	  complicaDons	  of	  combined	  topography	  guided	  
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CHAPTER 10
Complications With the Use 
of Collagen Cross-Linking

Anastasios John Kanellopoulos, MD and
Michelle Y. Cho, MD

Corneal collagen cross-linking (CXL) has become a 
new addition to the armamentarium for the treatment 
of keratectasias, in particular, keratoconus (KC) and 
post laser in situ keratomileusis (LASIK) ectasia.1-15

CXL with the use of riboflavin (vitamin B2) and ultra-
violet A (UVA) irradiation cross-links the collagen 
fibers in the corneal stroma thereby strengthening 
and biomechanically stabilizing the cornea.1 This is 
especially useful in KC where progressive corneal 
thinning and steepening leads to myopia and irregu-
lar astigmatism.2 Promoting a new approach for the 
treatment of KC, CXL has become a viable option 
in addition to the established treatments available, 
including spectacle correction, rigid gas permeable 
contact lenses, intrastromal corneal ring segments,3

and penetrating keratoplasty.4

COLLAGEN CROSS-LINKING

We have employed collagen cross-linking over the 
last 10 years in the treatment of ectasia after refrac-
tive surgery, such as LASIK and photorefractive kera-
tectomy (PRK), as well as the treatment of primary 
KC with relative success.  In our center, we have now 
treated over 1000 cases of primary KC and/or ectasia 
following refractive surgery, and in over 800 cases, 
we combined the cross-linking treatment with the 
use of partial tgPRK procedure in order to facili-
tate visual rehabilitation. Complications have been 
quite seldom with our technique. We have experi-
mented in the laboratory with the use of different 

riboflavin solution concentrations and different lev-
els of energy and we have found that by doubling the 
concentration of riboflavin, one can enhance CXL 
by 10-fold and create opaque patches (Figure 10-1) 
in the cornea that will present significantly cross-
linked tissue (Figure 10-2). We have not encountered 
this combination clinically even in our more recent 
studies in using high-fluence UV light at the level of 
7 and 15 mW.

INFECTION

Another group of potential complication is infec-
tion. We have seen some complications that are very 
rare; in 750 cases that we have treated, we have 
encountered only one infection that was cured within 
a few days with the use of topical vancomycin solu-
tion and it was attributed to either contamination 
of the surgical field during the removal of epithe-
lium and/or the contamination of riboflavin drops. 
Therefore, we have changed our technique of epithe-
lium removal and utilize excimer laser episcrape thus 
having the advantage of the no-touch technique of 
the cornea epithelium and the reduction of the pos-
sibility of transferring pathogens up to the corneal 
surface and to the stroma with the CXL process. 
Obviously, single-use packaging of the riboflavin solu-
tion is essential in order to avoid contamination, from 
patient to patient, through the riboflavin solution. 
Many of these patients remain with a bandage lens 
for several days. 

9781617110542Ch10.indd   115 24/05/12   9:39 AM
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procedures. Due to the nature of the keratoconic 
corneas and increased risk of delayed epithelial heal-
ing and perforation, topical NSAIDs were avoided8

(Figure 10-6). 
Delayed epithelial healing was reported if the epi-

thelium did not heal completely after 5 days postpro-
cedure. After CXL alone, the mean epithelial healing 
time was found to be 3.25 days, ranging from 1 to 8 
days.9 Our study found 10% of cases that did not heal 
completely by day 10. The combination of the 2 pro-
cedures, PRK and CXL, and possibly the use of MMC, 
may contribute to the delay (Figure 10-7). 

The strengths of this study are the large number of 
patients and the long-term follow-up for a relatively 

complications. The main early transient complica-
tions noted were postoperative pain, delayed epi-
thelial healing, and Salzmann-like epithelial scarring 
(Figure 10-5). These findings require (in our opinion) 
careful, close monitoring by the clinician and close 
external disease care in order to avoid more severe 
and permanent scarring or stromal melt.

A significant percentage of patients experienced 
moderate to severe pain on postoperative day 1 
after the Athens Protocol. This is most likely due to 
removal of the epithelium, much like the individual 
procedures PRK and CXL.7 Topical nonsteroidal anti-
inflammatory drugs (NSAIDs) have been successful 
with pain management in traditional surface ablation 

Figure 10-3. White scar in anterior stroma possible over CXL.

Figure 10-4. Late anterior stromal haze developing after exces-
sive sunlight exposure in a 16-year-old male.

Figure 10-5. Salzmann-like hyaline subepithelial scar, resolved 
with lubrication.

Figure 10-6. Anterior stromal thinning in midperiphery.

9781617110542Ch10.indd   118 24/05/12   9:39 AM



Delayed epi-closure: day 5 
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2 months after AP 



3	  months	  later	  (lotemax,	  Autologous)	  



Active epithelial surface after reepitheliazation 
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2	  weeks-‐elevated	  epi	  scar	  



Late stromal scar in a 15y/oM 1 year after AP,  
spending the summer in sun!-resolved with topical steroids 



Late stromal scar in a ped pt-resolving with topical steroids 



2 weeks out-delayed epitheliazation 



2 weeks later (1 month postop) 



Early haze (2 months-gone after 6 months)	  



2	  weeks-‐delayed	  healing	  with	  heaped-‐up	  white	  margins	  



2 months-the hyperopic arc PRK scar-reduced by increasing transition zone 



Athens Protocol: improved anterior 
corneal profile, but what about the 

posterior? 
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ASIK is the most widely used method for correcting 
myopic refractive error.1-8 Cross-line projectors and 
high-speed9 active eye-tracking systems10 incorpo-

rated into excimer laser platforms aim to provide precise dy-
namic intraoperative ablation centration.11 This is achieved 
by compensating for the possible effects of patient eye move-
ments and thus accurately delivering the laser beam to the 
programmed spots.12,13 

During excimer laser ablation, which may typically last 
less than a minute, patient head and/or eye micro-movements 
and saccadic movements are unavoidable.14 Such movements 
may result in discrepancies between the laser beam pro-
grammed and actual spot, which may result in a decentered 
ablation.15 Ablation decentration may in turn lead to adverse 
induced postoperative results including astigmatism and 
higher-order aberrations,16,17 perceived as residual refractive 
error and sometimes irregular and/or reduced quality of vi-
sion demonstrated as night halos or glare.18-20

In addition, in customized topography-guided treatments, 
the identification of the corneal vertex is provided by corneal 
imaging modalities such as Placido-disk topography and/or 
Scheimpflug imaging topometry. The transfer and integration 
of data from these imaging devices to the laser platform sur-
gical planning software may be achieved by either dedicated 
Ethernet connections integrated to some advanced laser plat-
forms or portable data units. 

The purpose of this study was to objectively investigate 
the effective centration accuracy of two generations of an 

LABSTRACT

PURPOSE: To objectively define the effective centra-
tion of myopic femtosecond laser-assisted LASIK abla-
tion pattern, evaluate the difference between achieved 
versus planned excimer laser ablation centration, and 
compare these results from two different generations of 
an excimer laser system.

METHODS: The study retrospectively evaluated 280 
eyes subjected to myopic LASIK. Digital image analysis 
was performed on Scheimpflug sagittal curvature maps 
(difference of preoperative to postoperative). Centration 
was assessed via proprietary software digital analysis of 
the coordinate displacement between the achieved ab-
lation geometric center and the planned ablation center, 
which was the corneal vertex. Results from two different 
excimer laser generations (Eye-Q 400 [140 eyes] and 
EX500 [140 eyes]; Alcon/WaveLight, Fort Worth, TX) 
were compared.

RESULTS: Radial displacement was on average 360 ± 
220 µm (range: 0 to 1,030 µm) in the Eye-Q 400 laser 
group and 120 ± 110 µm (range: 0 to 580 µm) in the 
EX500 laser group (P < .01). The percentage of eyes 
with displacement of greater than 300 µm was 52% in 
the Eye-Q 400 laser group and 4% in the EX500 laser 
group.

CONCLUSIONS: Displacement of ablation pattern may 
depend on the laser platform used. The improvement in 
the efficiency of centration indicates that newer genera-
tion excimer lasers with faster eye tracking and active 
centration control appear to achieve a significantly more 
accurate centration of myopic ablation patterns. The au-
thors propose this novel, objective technique for laser 
refractive surgeon evaluation may point out significant 
outcome measures not currently used in standard met-
rics of refractive laser efficiency.

[J Refract Surg. 2015;31(3):164-169.]
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sor can be transposed by discrete, pixel-resolution ar-
row movements over the center of a circular or elliptic 
color-coded contour. By doing so, the technique iden-
tifies the center of ablation with digital accuracy. This 
was applicable in myopic cases (Figure A, available 
in the online version of this article) and even in cases 
of myopic astigmatic ablation (such as the example 
shown in Figure A). Figure A also illustrates a case 
with decentered myopic astigmatic ablation.

The process produced the pixel count of the dis-
placement between the shown corneal vertex and the 
identified geometrical center of ablation in both x and 
y coordinates. The pixel count was converted to actual 
distance (scale: 109 pixels corresponding to 9 mm/900 
µm). Thus, we digitally calculated the actual displace-
ment between the geometric center of ablation coor-
dinates and the corneal vertex with a precision (mini-
mum detectable difference) of 0.0825 mm. The initial 

Figure 1. (A) The preoperative, postoperative, and difference curvature maps and (B) the pattern of myopic ablation for the same eye. Both maps 
extend to 9-mm corneal diameter. The specific eye received treatment for the correction of -8.75 diopters of myopia. Maximum ablation depth was 
131.59 µm.

A

B

Figure 2. Scheimpflug-imaging corneal cur-
vature difference map in a myopic LASIK-
treated eye showing the geometric center of 
ablation and the corneal vertex. The 3.00 
diopters (D) difference contour was employed 
to pinpoint the geometric center of ablation, 
while the corneal vertex was identified by 
the Scheimpflug imaging. The displacement 
between these two points was measured digi-
tally and was expressed in Cartesian (x and y) 
and polar (r and !) coordinates.



Importance	  of	  cyclorotaDon	  compensaDon	  



Cyclorotation Incidence in KCN patients 
•  220 eyes 



Actual achieved normalization analysis 

Δϑ=|ϑp	  -‐	  ϑd|	  	  

(rp,	  ϑp)	  	   (rd,	  ϑd)	  	  

WΔϑ=	  Δϑ·∙Δr	  



Comparative Results 220 Athens Protocol eyes 
Oculyzer II (400Hz) vs. Vario with CTA (EX500) 

CTA	  No	  CTA	  



Comparative Results Athens Protocol  
400Hz vs. EX500 with CTA 



Unknown Possible Long Term CXL Risks 

Cataracts	  

ConjuncDval	  squamous	  cell	  carcinoma	  

Long	  Term	  Dry	  Eyes	  due	  to	  UV	  A	  Damage	  to	  ocular	  
surface	  

Progressive	  thinning	  

Poor	  glaucoma	  management	  



Conclusions-‐common	  complicaDons	  
•  Keratoconus management requires visual rehabilitation besides 

stabilization  
•  Combining Topo-guided PRK and CXL appears to be safe and more 

effective 
•  Delayed epithelial healing 
•  Delayed optimization of visual function 
•  Superficial scarring 
•  Overcorrection (always aim for undercorrection) 
•  Decentered topo-ablation 
•  The benefits though from this procedure are far away the potential 

risks and when used with caution. Proper informed concent of all the 
vailable options and application of the AP has reduced significant the 
number of penetrating and/or lamellar keratoplasty utilized for visual 
rehabilitation with keratoconus and cornea ectasias. 


