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How we define customized ablation in 2016 
Adjustment	to	pupil	size	(improve	glare)?	
Ac9ve	eye-tracking	(reduce	abla9on	de-centra9on)?	
Wavefront-op9mized	(reduce	spherical	aberra9on)?	
Customised	flap	(femto	lasers)?	
Adjustment	to	angle	kappa	(Wavefront-TopoGuided-Manual)?	
Wavefront	guided	(“improving”	HOA-asphericity)?	
Primary	Asphericity	adjustment	(FCAT	outsideUSA)?	
Topography	guided?	(performed	in	Europe	since	2003,	FDA	approved	(Alcon	

and	Nidek)	for	primary	LASIK	2013,	clinical	applica9on	in	US	since	2015)	
Customizing	cornea	biomechanics	with	CXL?		
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Shortcomings	of	wavefront:	
dynamic	changes	with	accommoda9on,	imaging	not	always	possible	
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Enlarging myopic optical zone:
Initially -10,  505µ LASIK: 4,5mmOZ, 125µ flap M2->plano ^BCVA 2 

lines, but night halosTopo-guided Tx to enlarge OZ to6mm and adjusting 
Q value to -1,46Initially halos gone, RE -1.25
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initial topography guided hyperopic and hyperopic astigmatism  
lasik experience with the wavelight allegretto wave  
excimer laser in 120 consecutive eyes  ARVO 2006 

INTRODUCTION 

Refractive surgery has gained significant popularity in the last  two decades by eliminating 
the need for spectacles or contact lenses. While the lasers and software that drives them 
become more sophisticated, there are still alignment errors during photoablation that could 
lead to decentration and nonhomogenous ablation patterns. Decentered ablations can lead 
to negative visual effects including irregular astigmatism, reduced best corrected visual 
acuity, glare etc.1,2 Thus, proper centration of the ablation zone during refractive 
procedures is an essential goal. However, a large angle kappa, which is defined as the 
difference between the primary line of sight and the pupillary axis, may cause alignment 
errors during photoablation. This issue is more important in hyperopic patients that tend to 
have larger angle kappa.3 Because of this, some refractive surgeons prefer to alter the 
location of the ablation to take into account a large angle kappa. However, there is little 
data in the literature concerning the normative values of angle kappa in healthy subjects. 

 

There are various methods, which measure the amount of angle kappa. Synoptophore is 
one of the most widely used methods in the clinical practice. It measures angle kappa 
depending on the corneal reflection methods. Recently, newer devices such as Orbscan II 
(Orbtek Inc. Bausch&Lomb, Rochester, USA) have become commercially available and can 
be used in the evaluation of angle kappa. But, there is no published data evaluating the 
reliability of Orbscan in measuring angle kappa.  We have previously reported our 
experience in hyperopic LASIK 

 

In this study we evaluated the safety and efficacy of the ALLEGRETTO WAVE™ excimer 
laser system in LASIK for hyperopia and/or hyperopic astigmatism utilizing the 
topography-guided platform in order to compensate for angle kappa 

 

METHODS  

A hundred and twenty consecutive LASIK cases for hyperopia with or without astigmatism 
treated with the Topography-guided platform of the ALLEGRETTO Eye-Q™ excimer laser 
(Wavelight Technologie AG, Erlangen, Germany) were prospectively evaluated up to 12 
months post operatively. The mean pre-operative sphere was +3.08 (SD+/- 1.56) D with a 
range of +0.25 to +6.00 D. The mean preoperative cylinder was +0.80 (SD+/- 1.01 D) 
(range 0 to +4.00). Flaps were created with the Moria M2 90 single use (Moria SE, Antony, 
France) microkeratome. Parameters evaluated were pre and post-operative refractive error, 
UCVA, BSCVA, higher order aberration change, angle kappa and its relative centration to 
the ablation zone on topography; and contrast sensitivity 

 

 

 

 

 

 

 

DISCUSSION 
   Angle kappa is determined by the intersection between the line of sight and the pupillary 

axis. Because the fovea lies slightly temporal to the point at which the pupillary axis 
intersects with the posterior pole of the globe, the normal angle kappa is slightly positive.3 
Evaluation of angle kappa before refractive surgery has gained significant importance 
because ablation zone centration during refractive surgery is a critical step. Uozato and 
Guyton4 asserted that centering on the pupil is the proper method of centration because the 
photoreceptors are aimed toward the center of a normal pupil; their method has since 
become the standard practice. However, Pande and Hillman5 stated that the optimal 
centration is the corneal intercept of the visual axis because this is the line joining the fovea 
to the fixation point. They have concluded that coaxially sighted corneal reflex was nearest 
the corneal intercept of the visual axis. Recently Nepomuceno et al.6 performed hyperopic 
LASIK with the ablation centered on the coaxially sighted corneal light reflex. They have 
concluded that traditional centering method based on the entrance of the pupil could lead to 
decentration in the presence of a large angle kappa, especially in the hyperopic patients. 

 

   Hyperopic LASIK utilizing the topography-guided WaveLight ALLEGRETTO eyeQ™ 
excimer laser appears to be safe and effective in the correction of low, moderate and high 
hyperopia and/or hyperopic astigmatism. The results appear to be safe and predictable for 
the low and moderate hyperopia groups; they appear to carry similar promise in the high 
hyperopia / high cylinder group.The topography guided platform appears to better center 
the ablation to the visual axis Vs the papillary center with high level of reproducibility in all 
cases, and compared to our previously published results with standard hyperopic 
treatments with this laser. 

 
   We feel that correcting for angle kappa gives more accurate results and prohibits the 

induction of astigmatism a common occurance with hyperopic corrections due to the 
“eccentric” placement of the ablation on the papillary center and not on the visual axis. 
 
 

 

REFERENCES 
1. Terrell J, Bechara SJ, Nesburn A, et al. The effect of globe fixation on ablation zone centration in photorefractive keratectomy. Am J Ophthalmol 1995; 119:612–619. 

2. Pande M, Hillman JS. Optical zone centration in keratorefractive surgery; entrance pupil center, visual axis, coaxially sighted corneal reflex, or geometric corneal center? Ophthalmology 1993; 100:1230–1237. 

3. von Noorden GK. (): Binocular vision and ocular motility: theory and management of strabismus. St. Louis (MO): Mosby; 1996, 163-205. 

4. Uozato H, Guyton DL. Centering corneal surgical procedures. Am J Ophthalmol 1987;103:264-275; correction p. 852. 
5. Pande M, Hillman JS. Optical zone centration in keratorefractive surgery; entrance pupil centers, visual axis, coaxially sighted corneal reflex, or geometric corneal center? Ophthalmology 1993;100:1230-1237.  

6. Nepomuceno RL, Boxer Wachler BS, Kim JM, Scruggs R, Sato M. Laser in situ keratomileusis for hyperopia with the LADARVision 4000 with centration on the coaxially sighted corneal light reflex. J Cataract Refract Surg 
2004;30:1281-1286. 

7. Boxer Wachler BS, Korn TS, Chandra NS, Michel FK. Decentration of the optical zone: centering of the pupil versus the coaxially sighted corneal light reflex in hyperopic LASIK. J Refractive Surg 2003;19:464-465.  
8. Looper LP. The relationship between angle lambda and the residual astigmatism of the eyes. Am J Optom 1959;36:365-377. 

9. Effert R, Gruppe S. The amount of angle alpha in a normal population. Acta XVII concilii europaeae strabologicae associeatis. Madrid;1988:17-21. 

10. Scott WE, Mash AJ. Kappa angle measurements of strabismic nad nonstrabismic individuals. Arch Ophthalmol 1973;89:18-20. 

11. Clement RA, Dunne MCM, Barnes DA. A method for ray tracing through schematic eyes with off-axis components. Ophthalmic Physiol Opt 1987;7:149-52. 

12-Kanellopoulos AJ: Results of hyperopia treatment with the Allegretto-Wave excimer laser:Journal of Refractive Surgery;21(5)  Sept/Oct 2005. 

 1

 1  

1

1

1
 1

 1  

Rupa Krishnamurthy, M.D.1, T.D. Papakostas, M.D.2,  A. John Kanellopoulos, M.D. 1,2 

 
Department of Ophthalmology, New York University / Manhattan Eye, Ear, and Throat Hospital, New York,  NY1 

Laser Vision.gr Eye Institute, Athens Greece2 

These figures depict the same planned excimer profile for the correction of hyperopic 
astigmatism. On the left: centered on the papillary center and on the right: adjusted by 
topography to take into consideration and adjust for angle kappa 

RESULTS
One hundred and twelve eyes were available for follow up at 12 months. Mean 
uncorrected visual acuity improved from preoperative of 20/48 (SD+/-0.23) to 20/23  
(SD+/- 0.173) 69% of eyes were within +/- 0.50 D of refractive goal respectively. 
None of the eyes lost more than 1 line of BSCVA. There was a mean +0.32 D 
regression in the spherical equivalent from the 1st to the 3rd month. Relative 
center visual axis center to the ablation center (the deviation of ablation center to 
the optical axis center) was 0.5mm. 

Top left: Pre-treatment  topography of 
same patient 

Top right: Post-treatment topography 

Left: Map of topographic difference 
between pre-op and post-op 
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Is Angle kappa significant in hyperopes?

•  2007 JRS
•  Measurement of angle kappa 

with synoptophore and 
Orbscan II in a normal 

population 
•  Hikmet Basmak, MD1; Afsun Sahin, MD2; Nilgun 

Yildirim, MD3; Thanos D. Papakostas, MD4,5; and  
A. John Kanellopoulos, MD4,5

•   There is a significant correlation 
between positive refractive 

errors and large positive angle 
kappa values. Refractive 

surgeons must take into account 
angle kappa especially in 

hyperopic patients in order to 
avoid complications related to 
decent ration of ablation zone.
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Topography-guided  (TG) Hyperopic LASIK in 
180 Consecutive Eyes 
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long-term experience with the 400 Hz eye-Q 
excimer platform

Anastasios John 
Kanellopoulos

Department of Ophthalmology,  
New York University Medical School, 
New York, NY, and LaserVision.gr 
Eye Institute, Athens, Greece

Correspondence: Anastasios John 
Kanellopoulos 
LaserVision.gr Eye Institute, Tsocha 17 
Ampelokipi, Athens 11527, Greece 
Tel 30 21 0747 2777 
Fax 30 21 0747 2789 
Email ajk@brilliantvision.com

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

guided ablation using the WaveLight 400 Hz excimer laser in laser-assisted in situ keratomileusis 

(LASIK) for hyperopia and/or hyperopic astigmatism.

Methods: We prospectively evaluated 208 consecutive LASIK cases for hyperopia with or 

without astigmatism using the topography-guided platform of the 400 Hz Eye-Q excimer system. 

The mean preoperative sphere value was 3.04  1.75 (range 0.75–7.25) diopters (D) and the 

mean cylinder value was 1.24  1.41 ( 4.75–0) D. Flaps were created either with Intralase 

FS60 (AMO, Irvine, CA) or FS200 (Alcon, Fort Worth, TX) femtosecond lasers. Parameters 

evaluated included age, preoperative and postoperative refractive error, uncorrected distance 

visual acuity, corrected distance visual acuity, flap diameter and thickness, topographic changes, 

higher order aberration changes, and low contrast sensitivity. These measurements were repeated 

postoperatively at regular intervals for at least 24 months.

Results: Two hundred and two eyes were available for follow-up at 24 months. Uncorrected 

distance visual acuity improved from 5.5/10 to 9.2/10. At 24 (8–37) months, 75.5% of the 

eyes were in the 0.50 D range and 94.4% were in the 1.00 D range of the refractive goal. 

 Postoperatively, the mean sphere value was 0.39  0.3 and the cylinder value was 0.35  0.25. 

Topographic evidence showed that ablation was made in the visual axis and not in the center of 

the cornea, thus correlating with the angle kappa. No significant complications were encountered 

in this small group of patients.

Conclusion: Hyperopic LASIK utilizing the topography-guided platform of the 400 Hz Eye-Q 

Allegretto excimer and a femtosecond laser flap appears to be safe and effective for correction of 

hyperopia and/or hyperopic astigmatism. The results are impressive for refractive error correction 

and stability and for improvement of both uncorrected and corrected distance visual acuity.

Keywords: topography-guided, LASIK, hyperopia, hyperopic astigmatism, mixed astigmatism, 

angle kappa

Introduction
The evolution of laser technology has enabled treatment of myopic, hyperopic, 

and astigmatic eyes to become more accurate. There have been several reports of 

hyperopic laser-assisted in situ keratomileusis (LASIK) in the past.1–11 We have 

previously reported on the use of standard wavefront-optimized excimer ablations in 

hyperopic LASIK with good results12 and on the use of topography-guided excimer 

ablations.13,14 Hyperopic patients invariably have a significant angle kappa.15 We have 

anecdotally observed clinically superior visual axis centration in hyperopes when 
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he evolution of laser vision correction technology 
has made the treatment of myopia, hyperopia, and 
astigmatism more accurate. Numerous studies of hy-

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

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

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

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

lowing the protocol set forth by the Declaration of Helsinki. 

TABSTRACT

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

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

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

CONCLUSIONS: Topography-guided hyperopic LASIK 
with or without intrastromal CXL is safe and effective, 
with greater long-term effi cacy (less regression) in eyes 
with CXL. Our data suggest that the regression seen 
with hyperopic LASIK may be related to biomechanical 
changes in corneal shape over time. [J Refract Surg. 
2012;28(11 Suppl):S837-S840.] 
doi:10.3928/1081597X-20121005-05

From the Department of Ophthalmology, New York University Medical 
School, New York, New York (Kanellopoulos, Kahn); and LaserVision.gr Eye 
Institute, Athens, Greece (Kanellopoulos).

Dr Kanellopoulos is a consultant to Alcon Laboratories Inc. Dr Kahn has no 
financial interest in the materials presented herein.

Presented in part at the American Society of Cataract and Refractive Surgery 
annual meeting; April 20-24, 2012; Chicago, Illinois.

Correspondence: Anastasios John Kanellopoulos, MD, LaserVision.gr Eye 
Institute, Tsocha 17 Ampelokipi, 11527, Athens, Greece. Tel: 30 210 7472 777; 
Fax: 30 210 7472 789; E-mail: ajk@brilliantvision.com

Topography-guided Hyperopic LASIK With 
and Without High Irradiance Collagen 
Cross-linking: Initial Comparative Clinical 
Findings in a Contralateral Eye Study of 
34 Consecutive Patients
Anastasios John Kanellopoulos, MD; Jonathan Kahn, MD

S839Journal of Refractive Surgery • Vol. 28, No. 11 (Suppl), 2012 

Topography-guided Hyperopic LASIK and CXL/Kanellopoulos & Kahn

of ribofl avin were administered. The surface was kept 
moist with two to three drops of Vigamox during the 
3-minute interval. A bandage contact lens was placed 
on the ocular surface, and the patient was prescribed 
Vigamox and 1% prednisolone acetate (PredForte; 
Allergan, Irvine, California) four times a day for 1 week. 
Patients were examined 30 minutes postoperatively to 
check for any fl ap irregularities or complications.  

Postoperatively, UDVA, CDVA, corneal tomography 
and topography, and manifest and cycloplegic refrac-
tion were evaluated. These examinations were repeated 
during follow-up at 1 day, 1 week, and 1, 3, and 6 
months, and every 6 months thereafter. All surger-
ies were performed by a single surgeon (A.J.K.) in an 
outpatient refractive surgery center in Athens, Greece. 
Measurements and data were obtained by the surgeon 
and his associate staff.

RESULTS
Preoperatively, mean spherical equivalent cy-

cloplegic refraction (SE) was !3.15"1.46 D and 
!3.40"1.78 D with mean cylinder of 1.20"1.18 D and 
1.40"1.80 and mean decimal UDVA of 0.1"0.26 and 
0.1"0.25 in the CXL and no CXL groups, respectively. 
Postoperatively, mean SE at 2-year follow-up was 
#0.20"0.56 D and !0.20"0.40 D with mean cylinder 
of 0.65"0.56 D and 0.76"0.72 D and mean decimal 
UDVA of 0.95"0.15 and 0.85"0.23 in the CXL and 
no CXL groups, respectively. Eyes with intrastromal 
CXL demonstrated a mean regression from treatment 
of !0.22"0.31, whereas the eyes that did not receive 
CXL showed a statistically signifi cant greater regres-
sion of !0.72"0.19 (P=.0001).

Figure 3 shows the pre- and postoperative compari-
son of the mean keratometric change for each group. 
Overcorrection was seen in the no CXL group, as ex-
pected due to the added !0.50 D in the nomogram 
adjustment for this group, which seemed to decrease 
over the 2-year follow-up period. In eyes that received 

adjunct intrastromal CXL, no overcorrection was noted 
and greater stability was achieved.

DISCUSSION
In previous studies, the potential advantage of using 

a topography-guided ablation profi le in the correction 
of hyperopic refractive errors has been demonstrated 
with greater importance than myopic errors because 
of the presence of angle kappa in hyperopes.11 When 
treating with wavefront-optimized or wavefront-guided 
ablation, the treatment pattern is centered on the en-
trance pupil, whereas with topographic-guided abla-
tion, it is centered on the corneal apex. Although much 
debate surrounds the best location for centration, evi-
dence suggests that the corneal apex may be more 
closely aligned to the visual axis, especially when 
compensating for angle kappa in hyperopes.15

In this study, we sought to evaluate the stability 
of these results after using intrastromal CXL. This, in 
theory, would act as a biomechanical modulator to 
the intrinsic corneal fl attening response of hyperopic 
LASIK seen during long-term follow-up. The kerato-
metric regression noted over the 2 years of follow-up 
in the eyes randomized to not receive adjunctive in-
trastromal CXL confi rms, in our opinion, the above-
mentioned intrinsic biomechanical mechanism of re-
gression in hyperopic LASIK. We believe this to be an 
“expansion” or “stretching” of the severed midperiph-
eral corneal fi bers that have been ablated, resulting in 
progressive fl attening of the steepened central cornea. 
Although the possibility of midperipheral thickening 
and central thinning of the epithelium might also play 
a role in the regression, the fact that it was statistically 
minimized in the eyes undergoing intrastromal CXL 
points more clearly to the biomechanical mechanism.

The implication of biomechanical modulation of 
postoperative hyperopic LASIK regression, so as to 
prevent progressive refractive instability over time, 
sets a new level of dynamic control on the outcomes of 

Figure 3. Pre- and postoperative com-
parison of the mean keratometric change 
in hyperopic eyes with intrastromal cross-
linking (LASIK Xtra) and those without (Std 
LASIK) (P=.001).

S838 Copyright © SLACK Incorporated
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Thirty-four patients (68 eyes) underwent bilateral top-
ographic-guided hyperopic LASIK in our facility from 
March 2010 to October 2010, with one eye random-
ized (by coin toss) to receive prophylactic instrastro-
mal CXL. Inclusion criteria were hyperopia of !0.25 to 
!8.00 diopters (D) and astigmatism up to "6.00 D with 
a spherical equivalent cycloplegic refraction #6.00 D. 
Exclusion criteria were previous corneal surgery, his-
tory of herpetic eye disease, corneal dystrophy, cor-
neal scarring, keratoconus, severe dry eye, or collagen 
vascular diseases. 

Preoperative evaluation included uncorrected dis-
tance visual acuity (UDVA), refraction (cycloplegic), 
corrected distance visual acuity (CDVA), slit-lamp 
examination including fundus evaluation, corneal im-
aging with Scheimfl ug corneal tomography (Oculyzer 
II, Alcon Laboratories Inc) and Placido disc–based to-
pography (Vario, Alcon Laboratories Inc), ultrasound 
central corneal pachymetry with the NIDEK US-1800 
(Echoscan, Achi, Japan), and wavefront analysis with 
the Allegretto-Wave Tscherning wavefront analyzer 
(WaveLight Technologie AG, Erlangen, Germany) mea-
sured at 6.5-mm pupil size. Contrast sensitivities were 
also measured using CSV-1000 (VectorVision, Arca-
num, Ohio).

A custom nomogram-adjustment algorithm for de-
termining the ablation treatment plan was used per 
our previous experience. As an important differen-
tiator, this algorithm was used to compensate for the 
regression encountered in earlier cases; however, this 
nomogram-adjusted algorithm was not used in eyes 
randomized to receive intrastromal CXL.

SURGICAL TECHNIQUE
A disposable patient interface was used for fl ap cre-

ation in each eye treated with the FS200 femtosecond 

laser (Alcon Laboratories Inc). One drop of propara-
caine 1% (Alcaine, Alcon Laboratories Inc) was in-
stilled in the patient’s eye just before the procedure. 
Eyelids were painted with povidone iodine antiseptic 
10% (Betadine; Purdue Pharma L.P., Stamford, Con-
necticut), and the eye lashes were isolated with ster-
ile plastic drapes (Tegaderm; 3M Health Care, St Paul, 
Minnesota). The femtosecond laser was used to cut 
the corneal fl aps in all cases. The fl aps were cut to ex-
pose a stromal bed at a diameter of at least 9.0 mm 
and depth of 135 µm, which was suffi ciently large for 
the hyperopic (large diameter) ablation and its accom-
panying blend zone. The intraoperative fl ap diameter 
was measured with a surgical caliper, and pachymetry 
measurement of the residual stromal bed was done 
with the built-in optical pachymeter of the EX500. The 
500-Hz EX excimer laser was used to perform the ab-
lations in all cases using the topography-guided plat-
form. Images were taken from the Oculyzer II as de-
scribed previously.12 

At the completion of the excimer ablation, eyes that 
were randomized to receive CXL were given one drop 
of our custom 0.1% ribofl avin sodium phosphate so-
lution (Leiter’s Pharmacy, San Francisco, California), 
on the bare stromal bed, which was left to soak for 60 
seconds. Special care was taken not to allow the ri-
bofl avin solution to come in contact with the already 
folded LASIK fl ap (Fig 1). After 60 seconds of soaking, 
the LASIK fl ap was refl ected into place and copiously 
irrigated and “ironed” in place with a Johnston appla-
nator (Rhein Medical, Tampa, Florida) (Fig 2). 

Immediately afterwards, one drop of Vigamox so-
lution (Alcon Laboratories) was applied to the cornea 
and it was illuminated with 10 mW/cm2 of 370-nm UV 
light with the KXL device (Avedro, Waltham, Massa-
chusetts) for a total of 3 minutes. No additional drops 

Figure 1. Riboflavin is instilled on the bare stromal bed. Care is taken to 
avoid contact with the folded LASIK flap.

Figure 2. Repositioned LASIK flap. The yellow tinge seen within the cor-
neal stroma is the riboflavin.

S840 Copyright © SLACK Incorporated
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laser vision correction surgery, which previously was 
restricted to a static change in refractive error. Just as 
the dynamic change of refraction seen with progres-
sive keratoconus requires CXL to prevent the insta-
bility and irregularity of ectasia, in a similar way, the 
dynamic refractive and topographic regression of hy-
peropic LASIK now seems to require CXL to maintain 
stability over time. This also may be true of myopic 
regression seen in high myopic treatments with thin 
corneas, and is the reason why some have advocated 
LASIK Xtra (LASIK ! intrastromal CXL) for higher risk 
eyes.14,16

Our preliminary data suggest that the combination of 
high irradiance, short exposure intrastromal CXL may 
offer a signifi cant synergy in maintaining the long-term 
effi cacy and stability of topography-guided hyperopic 
LASIK (Fig 4). However, we are unable to know or pre-
dict with certainty what will occur past 2 years based 
on these data. This synergy suggests that the regres-
sion of effect in hyperopic LASIK may be more related 
to corneal biomechanical changes than just a loss of 
residual accommodation, lens changes, or epithelial 
thickening. The use of CXL in association with LASIK 
may become another signifi cant application of corneal 
CXL and further expand the science of modulating 
biomechanical change in refractive surgery.17 Finally, 
topography-guided LASIK with the EX500 excimer 
laser and FS200 femtosecond laser, with and without 
adjunctive intrastromal CXL, appears to be safe and 
effective in the correction of hyperopia and hyperopic 
astigmatism. 
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Figure 4. Corneal optical coherence tomography scan taken 3 months 
postoperatively of an eye that received intrastromal cross-linking (CXL) 
during hyperopic LASIK. The hyperreflective area around the LASIK flap 
interface (arrows) demonstrates the achieved CXL effect.
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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  14 years we have treated over 
3000 cases of KCN and ectasia with CXL 
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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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ectasia and was offered Intacs (Addition Technology 
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 in 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, 

Figure 2. Case 2. Topography on the left 
shows marked inferior steepening before 
topography-guided PRK/CXL treatment. 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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combined topography-guided PRK and immediate CXL 
was performed in the right eye for !0.50 "1.50 # 60.
The planned laser resection was 35 µm. Prior to treat-
ment, manifest refraction was !1.50 "2.00 # 65; we 
reduced the attempted sphere and cylinder, anticipat-
ing 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 im-
proved to 20/15 and the manifest refraction improved 
to plano "0.25 # 05 (20/10). Keratometry in the right 
eye was 43.00@97/43.25@07 and ultrasound pachym-
etry was 441 µm. The difference maps (Pentacam) 
before topography-guided PRK/CXL and 2 years post-
operative 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 46.70@156/44.10@66 and 39.75@155/41.75@65 
in the right and left eyes, respectively. Pachymetry 
readings 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–intoler-
ant and opted to undergo topography-guided PRK/CXL 
despite 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 

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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Novel Placido-derived Topography-guided 
Excimer Corneal Normalization With 
Cyclorotation Adjustment: Enhanced Athens 
Protocol for Keratoconus
Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

PURPOSE: To comparatively investigate the efficacy 
of the enhanced Athens Protocol procedure guided by 
novel Placido-derived topography with cyclorotation 
compensation (the cyclorotation adjusted group) to 
similar cases guided by Scheimpflug-derived tomogra-
phy without cyclorotation compensation (the non-cyclo-
rotation adjusted group).

METHODS: Two groups were evaluated: the cyclorota-
tion adjusted group (n = 110 eyes) and the non-cyclo-
rotation adjusted group (n = 110 eyes). Analysis was 
based on digital processing of Scheimpflug imaging 
derived curvature difference maps preoperatively and 3 
months postoperatively. The vector (r, !) corresponding 
to the steepest corneal point (cone) on the preopera-
tive surgical planning map (rp, !p) and on the curvature 
difference map (rd, !d) were computed. The differences 
between the peak topographic angular data ("! = |!p 
– !d|) and weighted angular difference (W"! = "! # 
"r) were calculated.

RESULTS: For the cyclorotation adjusted group, "! was 
7.18° ± 7.53° (range: 0° to 34) and W"! was 3.43 
± 4.76 mm (range: 0.00 to 21.41 mm). For the non-
cyclorotation adjusted group, "! was 14.50° ± 12.65° 
(range: 0° to 49°) and W"! was 10.23 ± 15.15 mm 
(range: 0.00 to 80.56 mm). The cyclorotation adjusted 
group appeared superior to the non-cyclorotation ad-
justed group, in both the smaller average angular differ-
ence between attempted to achieved irregular curvature 
normalization and in weighted angular difference, by a 
statistically significant margin ("!: P = .0058; W"!: 
P = .015).

CONCLUSIONS: This study suggests that employment 
of the novel Placido-derived topographic data of highly 
irregular corneas, such as in keratoconus, treated with 
topography-guided profile with cyclorotation compensa-
tion leads to markedly improved cornea normalization.

[J Refract Surg. 2015;31(11):768-773.]

orneal cross-linking (CXL) is considered a valid 
option for progressive keratoconus/corneal ectasia 
treatment.1 By increasing corneal biomechanical 

strength, CXL results in keratectasia arrest.2 In addition, CXL 
has also been shown to improve corneal irregularity and re-
duce central anterior corneal steepening.3

Combined with CXL, partial anterior surface normalization 
via topography-guided customized partial excimer laser abla-
tion may offer, in addition to keratectasia arrest, improved 
topographic and refractive outcomes.3,4 The Athens Protocol 
comprises phototherapeutic keratectomy (PTK) of 50 µm, a 
partial photorefractive keratectomy (PRK) for the topography-
guided customized anterior surface normalization, and high-
fluence CXL for corneal stabilization.5 Long-term results6 and 
anterior segment optical coherence tomography quantitative 
findings7 have demonstrated the stability of the procedure in 
large cohorts of patients. Variations of this technique have 
been applied and reported globally.8-14

Because the topography-guided ablation step of the pro-
cedure bears a high degree of customization, the impact of 
effective alignment between treatment planning based on the 
topography-derived data and surgically applied ablation pat-
tern is pivotal for a successful outcome. Critical parameters 
affecting alignment are horizontal and vertical eye move-
ments, eye pupil centroid shift, and possible cyclorotation. 
The significance of these principles has been reported pre-
operatively and intraoperatively in refractive procedures.15 
High-speed active eye tracking along with cyclorotational 
topographic adjustment (CTA) has been introduced during 
the past 2 years in refractive lasers such as the EX500 ex-
cimer laser (Alcon Laboratories, Inc., Fort Worth, TX), which 

From Laservision.gr Clinical and Research Eye Institute, Athens, Greece (AJK); 
and NYU Medical School, Department of Ophthalmology, New York, New 
York (GA).

Submitted: April 28, 2015; Accepted: August 11, 2015

Dr. Kanellopoulos is a consultant for Alcon/WaveLight, Allegran, Avedro, and 
i-Optics. Dr. Asimellis has no financial or proprietary interest in the materials 
presented herein.

Correspondence: Anastasios John Kanellopoulos, MD, Laservision.gr Clinical 
and Research Eye Institute, 17 Tsocha Street, Athens, 115 21 Greece. E-mail: 
ajk@brilliantvision.com

doi: 10.3928/1081597X-20151021-06

C

Figure B. The ‘compare 2 exams’ output from the Scheimpflug imaging device. (Left) The preoperative sagittal curvature map, (middle) the postopera-
tive map, and (right) the difference of the two maps.
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4.8. Efficacy Outcomes 
Changes In Manifest Refraction, Refractive Stability, Vector Analyses, 
Changes In UCVA, Patient-Reported Outcomes 

 
A summary of key efficacy variables at each of the postoperative visits is provided below 
in Table 16 for the myopia cohort treated with Topo-guided (T-CAT) LASIK. 
 
 

 Month 1 Month 3 Month 6 Month 9 Month 12 

EFFICACY VARIABLES      

MRSE ± 0.50 D 

n/N 220/248 227/247 227/244 221/237 218/230 

(%) (88.71%) (91.90%) (93.03%) (93.25%) (94.78%) 

(CI) (84.1, 92.4) (87.8, 95.0) 89.1, 95.9) (89.3, 96.1) (91.1, 97.3) 

MRSE ± 1.00 D 

n/N 244/248 244/247 241/244 235/237 229/230 

(%) (98.39%) (98.79%) (98.77%) (99.16%) (99.57%) 

(CI) (95.9, 99.6) (96.5, 99.7) (96.4, 99.7) (97.0, 99.9) (97.6,100.0) 

MRSE ± 2.00 D 

n/N 248/248 247/247 243/244 237/237 230/230 

(%) (100.0%) (100.0%) (99.59%) (100.0%) (100.0%) 

(CI) (98.5,100.0) (98.5,100.0) (97.7,100.0) (98.5,100.0) (98.4,100.0) 

UCVA 20/20 or 
better 

n/N 217/248 229/247 217/244 212/237 213/230 

(%) (87.50%) (92.71%) (88.93%) (89.45%) (92.61%) 

(CI) (82.7, 91.3) (88.7, 95.6) (84.3, 92.6) (84.8, 93.1) (88.4, 95.6) 

UCVA 20/40 or 
better if BCVA 
20/20 or better 

preop 

n/N 239/242 239/241 235/238 231/232 224/225 

(%) (98.76%) (99.17%) (98.74%) (99.57%) (99.56%) 

(CI) (96.4, 99.7) (97.0, 99.9) (96.4, 99.7) (97.6,100.0) (97.5,100.0) 

 
Table 16: Summary Of Key Efficacy Parameters After Topo-guided (T-CAT) LASIK 
 
 
 
Excellent clinical efficacy outcomes were reported in the myopic Topo-guided (T-CAT) 
LASIK treated eyes. At all postoperative visits from 3 to 12 months, 89% or more of the 
eyes saw 20/20 or better without correction; and 92% or more of the eyes were within 
± 0.5 D of attempted MRSE. 
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4.8. Efficacy Outcomes 
Changes In Manifest Refraction, Refractive Stability, Vector Analyses, 
Changes In UCVA, Patient-Reported Outcomes 

 
A summary of key efficacy variables at each of the postoperative visits is provided below 
in Table 16 for the myopia cohort treated with Topo-guided (T-CAT) LASIK. 
 
 

 Month 1 Month 3 Month 6 Month 9 Month 12 

EFFICACY VARIABLES      

MRSE ± 0.50 D 

n/N 220/248 227/247 227/244 221/237 218/230 

(%) (88.71%) (91.90%) (93.03%) (93.25%) (94.78%) 

(CI) (84.1, 92.4) (87.8, 95.0) 89.1, 95.9) (89.3, 96.1) (91.1, 97.3) 

MRSE ± 1.00 D 

n/N 244/248 244/247 241/244 235/237 229/230 

(%) (98.39%) (98.79%) (98.77%) (99.16%) (99.57%) 

(CI) (95.9, 99.6) (96.5, 99.7) (96.4, 99.7) (97.0, 99.9) (97.6,100.0) 

MRSE ± 2.00 D 

n/N 248/248 247/247 243/244 237/237 230/230 

(%) (100.0%) (100.0%) (99.59%) (100.0%) (100.0%) 

(CI) (98.5,100.0) (98.5,100.0) (97.7,100.0) (98.5,100.0) (98.4,100.0) 

UCVA 20/20 or 
better 

n/N 217/248 229/247 217/244 212/237 213/230 

(%) (87.50%) (92.71%) (88.93%) (89.45%) (92.61%) 

(CI) (82.7, 91.3) (88.7, 95.6) (84.3, 92.6) (84.8, 93.1) (88.4, 95.6) 

UCVA 20/40 or 
better if BCVA 
20/20 or better 

preop 

n/N 239/242 239/241 235/238 231/232 224/225 

(%) (98.76%) (99.17%) (98.74%) (99.57%) (99.56%) 

(CI) (96.4, 99.7) (97.0, 99.9) (96.4, 99.7) (97.6,100.0) (97.5,100.0) 

 
Table 16: Summary Of Key Efficacy Parameters After Topo-guided (T-CAT) LASIK 
 
 
 
Excellent clinical efficacy outcomes were reported in the myopic Topo-guided (T-CAT) 
LASIK treated eyes. At all postoperative visits from 3 to 12 months, 89% or more of the 
eyes saw 20/20 or better without correction; and 92% or more of the eyes were within 
± 0.5 D of attempted MRSE. 
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TMR: topography-modified refraction: 
Astigmatism amount and axis adjustment 

decreased cylinder
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TMR: topography-modified refraction: 
Astigmatism amount and axis adjustment 

increased cylinder 
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How to improve your Vario capture ability! 
YouTube channel: Laservision.gr
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How to implement Contoura adjustments! 
YouTube channel: Laservision.gr
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Can current LVC get better? 
Comparing standard LVC to topography guided: Contralateral-eye study 

UDVA
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Comparing standard LVC (Smile) to topography guided LVC
Contralateral-eye study at 3 months 

Refractive cylinder Refractive error
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TMR: Topography-Modified Refraction! 
Laser Vision Correction today is great with any platform, Standard, WO, WG 

In pursue of higher efficacy, one has to consider topography-guided as a more accurate 
customization tool that addresses: objective reproducible measurements, angle 
kappa, cornea astigmatism, normalization of the cornea on the line of sight (cornea 
vertex)   

Multifactorial Corneal Imaging, refraction, epithelial profiles and centration delivery 
appear pivotal elements in improved outcomes and confirm superior outcomes with 
topography-guided! 

topography guided may be the most objective and accurate  treatment available 
currently 

 Topography data on astigmatism may  change the clinical refraction paradigm 
providing indirect evidence of significant dynamic lenticular astigmatism. 
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TMR: Topography-
Modified 

Refraction! 
In print: Topography-guided 

Myopic LASIK outcomes: 
Contralateral eye 
comparison of 
adjustment of the 
treated cylinder amount 
and axis to the 
topography data vs. 
treatment with the standard 
clinical refraction: 50 
patients, 100 consecutive 
myopic LASIK eyes treated 
topo-guided 
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Topography University Courses: 
www.topo-guided.com 

Topography - Guided 
University 

Courses 2016:
Become pro!icient interpreting in cornea 

diagnostics and designing expert 
topography guided laser treatments!

Didactic course and hands-on treatment designing of
multiple case scenarios (virgin eyes, complicated  ther-
apeutic treatments: older decentered or irregular abla-
tions, cornea scars, ectasia and keratoconus).
How to adjust optical zone, transition zone, and account
for topography spherical neutralization.
Each participant will bring his or her clinical cases and
design a treatment, and/or will be given all of the case
scenarios noted above to design a treatment.
Anticipate spherical change surprises
Modulation of biomechanics with various CXL protocols. 

• Outline and 2016 locations • Pre-ESCRS    • Pre-AAO
Course Director: A. John Kanellopoulos, MD

www.topo-guided.com

Copenhagen‘16 course logistics 

Friday September 9th, 2016  
(pre-ESCRS) 

8:00 AM to 15:30 PM

At the Crowne Plaza 
Copenhagen Towers 

Ørestads Boulevard 114 - 118 
2300 København S, Denmark 

info@cpcopenhagentowers.com 
Tel: +45 8877 6655
Fax: +45 8877 6611 

Chicago ‘16 course logistics 

Thursday October 13th, 2016 
(pre-AAO) 

8:00 AM to 15:30 PM

At the Hyatt Regency McCormick Place 

2233 S Martin Luther King Dr, 

Chicago, 60616, IL, USA

Tel: +1 312 567 1234 
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8:00
Breakfast - Registration 

8:30-11:30 
• Introduction to current cornea diagnostics and their relative differences: Placido Topogra-
phy, Scheimpflug tomography, Anterior segment OCT, LED color reflection topography. 

•Corneal epithelial mapping and its clinical relevance in diagnosis and treatment 
• Basic principles in employing topography data (Scheimpflug based and/or Placido-based) 
in the customization of an excimer corneal ablation. Technology overview and case 
presentations, with the Wavelight, Schwind and Ivis platforms. 

• Topography astigmatism, centroid and angle kappa considerations for possible revision 
of the clinical refraction used in each ablation 

11:30-12:30
Discussion lunch 

12:30-15:30 
• Topography customized methodology for virgin myopic and hyperopic eyes 
• Topography customized methodology for irregular corneas (previously treated: RK, decen-
tered and/or irregular ablations, as well as irregular and ectasia cases) 

•Anticipating asphericity and sphere compensatory nomograms for better spherical correc-
tion and emmetropia. 

• Participants will gain access to an online database with over 100 cases examples (pre-op
data, treatment design, treatment video, postop data and overview of what went well and
what potentially went off-target) 

•Complications assessment and management.

•Each participant will have the chance to design several treatments on site! 

The course will be limited to 30 participants. 
Advanced registration and information:

http://www.topo-guided.com/ 

The course will be limited to 30 participants. 

http://www.topo-guided.com/ 

2016 Course’s Mutual Outline 
(Copenhagen and Chicago)

2016 Course’s Mutual Outline 
(Copenhagen and Chicago)

Topography - Guided 
University 

Courses 2016:
• Correlation of multiple corneal imaging devices may

enhance accuracy of assessment by including pos-
sible epithelial remodeling data, and limiting specific
limitations of Placido-based, Scheimflug-based and
color LED refraction topography.

• When using topography maps in laser corneal abla-
tion, all these parameters are considered under a
much more meticulous and critical perspective.  Al-
though originally designed to treat irregular eyes, it
has recently become apparent, hat topo-guided
treatments may be superior for routine myopic
and/or hyperopic laser vision correction.

• This vigorous didactic course and wet lab on topog-
raphy-customized corneal ablations will focus on fa-
miliarizing the small number of participants on multiple
imaging assessment and interpretation, data acqui-
sition and treatment modifications with hands-on the
design platforms and data present on-site.

• Additionally, the participants will be offered access
to a very large databank with most topo-guided
scenario treatments and outcomes.

Disclaimer:
Please be advised that if you are traveling from outside the US for a
US course or within the EU for a European course, you would be re­
sponsible for obtaining the appropriate visas on your own.
The AJKMD course services will provide a letter of invitation upon
con"irmation of your registration.
2­Our courses do not provide CME credits.
3­Our courses are purely instructional. Any medical procedure lia­
bility lays with the operating surgeon and the bylaws observed in
the country and state of his/ her practice.

Topography - Guided 
University 

Courses 2016:

Course Director: 
A. John Kanellopoulos, MD
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Thank You!


