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Simultaneous Topography-guided Surface Ablation with Collagen Cross-linking for Keratoconus

ABSTRACT
Purpose: In this article, we present the results of eight eyes of 
patients who underwent combined same-day partial topography- 
guided surface ablation followed by accelerated collagen 
cross-linking (CXL) procedure at Care-Vision Laser Centers 
to achieve stabilization of corneal ectasia and enhance visual 
rehabilitation in keratoconus.

Materials and methods: A retrospective nonrandomized 
review of 8 eyes of 6 patients who underwent the Athens 
Protocol for progressive keratoconus. Each patient underwent 
topography-guided ablation followed by CXL procedure.

Follow-up: Follow-up was done on day 1, day 7, and then at 
1, 3, 6, and 12 months.

Results: There was a rapid and significant improvement in 
uncorrected visual acuity and best-corrected visual acuity in 
100% eyes, a reduction of keratometric values, and symme-
try between vertical hemimeridians. Topographic evaluation 
showed a marked improvement in irregularity. There were no 
signs of keratoconic progression noted in any of the eyes on 
last follow-up. No adverse events were reported in any patient.

Conclusion: Simultaneous surface ablation + CXL seems to 
be a promising treatment capable of offering patients functional 
vision and halting progression of the disorder.

Precis: Simultaneous topography-guided custom ablation 
treatment and photorefractive keratectomy with CXL offers 
keratoconic patients intolerant to contact lenses both sta-
bilization of the cornea and improved functional vision with 
spectacles correction.

Keywords: Athens protocol, Keratoconus, Topography-guided 
surface ablation.
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INTRODUCTION

Keratoconus is a bilateral, noninflammatory progressive 
ectatic disorder of the cornea characterized by progres
sive corneal thinning and bulging. The cornea assumes a 
conical shape due to its biomechanical instability, which 
leads to irregular astigmatism and decrease in visual 
acuity.1

Treatment options must improve two distinct para
meters: Optical inefficiency of the irregular cornea and 
corneal biomechanical instability. The optical inefficiency 
can be corrected with spectacles and contact lenses in 
the initial stages of the disease process. However, with 
continued progression, several surgical options, such as 
intrastromal corneal ring segments,2 lamellar kerato
plasty, or penetrating keratoplasty may be needed. Prior 
to the introduction of corneal collagen crosslinking 
(CXL), there was no treatment capable of correcting the 
biomechanical instability. However, recently surgeons 
have successfully used CXL to impede the progression 
of keratoconus.

Collagen crosslinking with the use of riboflavin 
(vitamin B2) and ultraviolet A (UVA) irradiation cross
links the collagen fibers in the corneal stroma, thereby 
strengthening and biomechanically stabilizing the 
cornea.3

Using CXL alone provided patients with stability; 
however, the optical inefficiency persists secondary to the 
irregular astigmatism. Therefore, visual rehabilitation is 
still necessary after CXL.4,5

The earlier treatment of corneas with keratoconus 
using excimer laser was difficult as well as considered 
inappropriate, as the laser treatment results in further 
thinning of the cornea, and possible destabilization of 
the corneal structure and worsening of ectasia.

Recently, improvements in laser technology have led 
to several options, such as topographyguided laser abla
tion, for dealing with irregular astigmatism. The concept 
of topographyguided custom ablation treatment (TCAT) 
is to modify the cornea by treating anatomical rather than 
refractive changes and to improve the central corneal 
symmetry without attempting to correct other spheri
cal or regular astigmatic, optical defects. Kanellopoulos  
et al have recently introduced the Athens Protocol, a novel 
combined approach of simultaneous topographyguided 
surface ablation with CXL. The topographyguided 
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surface ablation normalizes the corneal surface by reduc
ing irregular astigmatism and potentially the refractive 
error, and the CXL then halts progression of the disorder.68  
Patients experience improved visual outcomes in addition 
to stabilization of the ectatic process. By not attempting 
to correct the whole optical defect of the eye, TCAT can 
be kept to a small degree of ablation with the maximum 
depth of tissue loss typically being less than 50 μm. 
Therefore, TCAT is a procedure of limited ablation of 
the cornea using excimer laser with the aim of regular
izing the cornea, improving the quality of vision and 
possibly contact lens fit. The aim of this procedure was 
not to give a complete refractive correction.9 Topography
guided custom ablation treatment with photorefractive 
keratectomy (PRK), as opposed to TCAT alone, can also 
correct the complete refractive error.

In this article, we present the results of this combined 
sameday partial topographyguided surface ablation 
followed by accelerated CXL procedure to achieve 
stabilization of corneal ectasia and enhance visual 
rehabilitation.

MATERIALS AND METHODS

This is a retrospective nonrandomized review of 8 eyes 
of 6 patients who underwent simultaneous topography
guided surface ablation with CXL for progressive kera
toconus at CareVision Laser Centers.

Each patient underwent assessment of uncorrected 
visual acuity (UCVA) and bestcorrected visual acuity 
(BCVA) on the Snellen’s chart, manifest refraction, cyclo
plegic refraction, scotopic pupillometry, and slitlamp 
examination of the anterior and posterior segments of the 
eye. Keratometry readings, pachymetry, and corneal topo
graphy were performed using Sirius Scheimpflug camera 
(Sirius, Florence, Italy). Corneal asphericity (Q value) was 
measured using the Topolyzer.

Inclusion criteria were mildtomoderate grade kera
toconus, thinnest pachymetry >450 μm, poor contact 
lens fit, unhappy with glasses or contact lenses, no active 
allergic eye disease, no active ocular inflammation, and 
no central scarring of the cornea.

SURGICAL PROCEDURE

All procedures were performed by the same surgeon in 
two consecutive steps:
Step 1: Topographyguided surface ablation
After topical anesthesia with oxybuprocaine 0.4% eye 
drop, a 8mm diameter zone of corneal epithelium 
is removed by phototherapeutic keratectomy, and 
afterward, partial topographyguided surface abla

tion laser treatment was applied. Topographyguided 
custom ablation treatment was performed by linking 
the Topolyzer with the WaveLight Allegretto Wave™ 
Excimer Laser System (Erlanger, Germany). In order to 
remove the minimum possible tissue, the optical zone 
diameter is kept between 5.5 and 6.5 mm in all cases. 
Maximum central ablation depth was 20 to 50 μm. The 
aim of this procedure was to topographically neutralize 
the cornea, making it more regular, and not necessa
rily a reduction in the spherical equivalent of the eye. 
A cellulose sponge soaked in mitomycin C 0.02% solu
tion was applied over the ablated tissue for 30 seconds 
followed by irrigation with 20 mL of chilled balanced 
salt solution.
Step 2: Collagen crosslinking procedure
Riboflavin (0.1% solution 10 mg riboflavin5phosphate 
in 10 mL dextranT500 20% solution) was applied every  
2 minutes for approximately 20 minutes until the stroma 
was completely penetrated and the aqueous was stained 
yellow (riboflavin shielding). A commercially avail
able UVA system (INOC) was used for UVA (365 nm) 
irradiation. Before treatment, the intended 9 mW/cm2 
surface irradiance (5.4 J/cm2 surface dose after 10 minutes) 
was calibrated. During treatment, riboflavin solution 
was applied every 2 minutes to ensure saturation. After 
treatment, a bandage contact lens was applied until the 
epithelium healed completely. The patients were put on a 
tapering dose of prednisolone acetate 1% eye drops, topical 
antibiotic, and a lubricating eye drop.

Patients were followed up on day 1, day 7, and then at 
1, 3, 6, and 12 months. Uncorrected visual acuity, BCVA, 
manifest refraction, cycloplegic refraction, slitlamp 
examination of the anterior and posterior segments of 
the eye, keratometry readings, pachymetry, and corneal 
topography were performed at each visit.

CASE REPORTS

Case 1

A 37yearold male presented to us with keratoconus in 
his right eye, intolerant to spectacles and contact lens. 
His right eye UCVA was 6/600 and BCVA 6/15 with a 
spectacle correction of +3.0/–4.0*60. He underwent TCAT 
with CXL for his right eye. Topographyguided custom 
ablation treatment was performed with a refractive cor
rection of –1.00/–6.30@11°, maintaining the central abla
tion to be 72.5 μm.

Postoperatively, his UCVA was 6/24 in the right 
eye and BCVA was 6/10 with a spectacle correction of 
–2.00/−4.0 DC@8°. His Difference Map (Fig. 1) reveals 
flattening of the inferior steep cone and steepening of the 
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superior cornea. His refraction and tomography are kept 
stable on followup visits for the last 8 months.

Case 2

A 24yearold female presented to us with keratoco
nus in her right eye. Her right eye UCVA was 6/30, 
and BCVA was 6/12 with a spectacle correction of 
+0.0/−6.0@35°. Her preoperative Scheimpflug map 
shows asymmetric bowtie with inferior steepening, 
suggesting keratoconus.

She underwent TCAT + surface ablation with CXL 
for her right eye. Topographyguided custom ablation 
treatment was performed with a refractive correction 
of –0.3/–5.0@30, maintaining the central ablation to be  
76 microns.

Postoperatively, her UCVA was 6/15 in the right 
eye and BCVA was 6/9 with a spectacle correction of 
+0.25/−1.75@20°. Her Difference Map (Fig. 2) reveals 
flattening of the inferior steep cone and steepening the 
superior cornea. Her refraction and tomography are kept 
stable on followup visits for the last 2.5 years.

Case 3

A 14yearold male presented to us with keratoconus in 
both eyes. His right eye UCVA was 6/60, and BCVA was 
6/18 with a spectacle correction of –2.25/–6.5*5. His left 
eye UCVA was 6/60, and BCVA was 6/12 with a spectacle 
correction of –1.25/−6.25@160°.

He underwent TCAT + surface ablation with CXL for 
both eyes. Topographyguided custom ablation treatment 
was performed for his right eye with a refractive correc
tion of –1.25/–7.40@3°, maintaining the central ablation 
to be 72 μm.

Topographyguided custom ablation treatment was 
performed for his left eye with a refractive correction 
of –0.13/–5.63@160°, maintaining the central ablation to 
be 75 μm.

Postoperatively, his UCVA was 6/30 in the right eye 
and 6/9 in the left eye, and BCVA was 6/9 with a spectacle 
correction of –3.75/−2.250@20° in the right eye and 6/7.5 
with a spectacle correction of –1.25/−2.25@150° in the left 
eye. His Difference Map in the left eye (Fig. 3) revealed 
regularization of the cornea with flattening of the K values 

Fig. 1: RE Case 1 – Difference Map – preoperative map showing inferior steepening. Post-TCAT map showing  
flattening of the inferior steep cone and steepening the superior cornea
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Fig. 2: RE Case 2 – Difference Map – preoperative map showing asymmetric bow-tie with inferior steepening. 
Post-TCAT map showing flattening of the K values

Fig. 3: LE Case 3 – Difference Map – preoperative map showing asymmetric bow-tie with inferior steepening. 
Post-TCAT map showing flattening of the K values
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Fig. 4: LE Case 3 – Tangential Map – 2 years after TCAT 
showing that his tomography is kept stable

at various points. His refraction and tomography are kept 
stable on followup visits for the last 2 years (Fig. 4).

RESULTS

Table 1 presents a summary of eight cases who were 
treated with TCAT+ CXL for keratoconus. All eyes expe
rienced improvement in BCVA.

Most patients complained of pain on the first post
operative day, whereas others reported minimal discom
fort. There was no significant change in the intraocular 
pressure, no problems related to epithelial healing, no 
cases of stromal scarring, and no adverse events.

DISCUSSION

Simultaneous TCAT surface ablation with CXL offers 
keratoconic patients intolerant to contact lenses both  

stabilization of the cornea and improved functional vision 
with spectacles correction. Reaching functional vision 
consists of improving UCVA and BCVA, and normaliza
tion of corneal topography, making these patients less 
dependent on contact lenses to achieve higher postopera
tive vision quality.

The combination of TCAT and CXL has been described 
earlier as a twostep procedure with CXL being done first, 
followed by surface ablation after a 1year interval, as well 
as a simultaneous procedure.

Sameday simultaneous topographyguided surface 
ablation and CXL has several advantages over the sequen
tial technique10:
•	 The	combination	reduces	the	patient’s	time	away	from	

work
•	 Performing	both	procedures	at	 the	same	time	with	

topographyguided surface ablation appears to 
minimize the potential superficial stromal scarring 
and haze resulting from topographyguided surface 
ablation.11

•	 When	 topography-guided	 PRK	 is	 performed	 fol
lowing the CXL procedure, some of the crosslinked 
anterior cornea is removed, minimizing the potential 
benefit of CXL.

•	 By	 removing	 the	 Bowman	 layer	 with	 topography-
guided surface ablation may facilitate riboflavin 
solution penetration in the corneal stroma and less 
“shielding” of UVA light in its passage through the 
cornea, resulting in more effective CXL.

•	 More	predictable	refractive	results	and	visual	outcome	
due to ablation of normal noncrosslinked tissue.
The ablation is capable of reshaping the corneal 

surface, and CXL then halts progression of the disorder. 

Table 1: Central ablation depth, pre- and postoperative UCVA and BCVA, and safety and efficacy indexes in 8 T-CAT-surface  
ablation + CXL-treated eyes

Case numbers Case type UCVA BCVA Subjective refraction
Central ablation 
depth

Efficacy 
index

Safety 
index

Follow-up 
time (months)

1 – RE Preoperative 6/600 6/15 +3.0/–4.0*60 40 0.625 1.5 8
Postoperative 6/24 6/10 –2.0/–4.0*8

2 – RE Preoperative 6/30 6/12 0.0/–6.0*35 62 0.8 1.33 29
Postoperative 6/15 6/9 +0.25/–1.75*20

3 – RE Preoperative 6/60 6/18 –2.25/–6.5*5 33 0.6 2 23
Postoperative 6/30 6/9 –3.75/–2.25*20

3 – LE Preoperative 6/60 6/12 –1.25/–6.25*160 39 1.33 1.6 21
Postoperative 6/9 6/7.5 –1.25/–2.25*150

4 – RE Preoperative 6/60 6/12 +1.25/–6.5*58 20 0.4 1.2 2
Postoperative 6/30 6/10 –2.75/–1.25*15

4 – LE Preoperative 6/60 6/20 –2.75/–7.0*180 49 0.83 1.66 11
Postoperative 6/24 6/12 +1.25/–4.0*180

5 – RE Preoperative 6/60 6/30 +2.0/–3.0*30 58 1.25 2 3
Postoperative 6/24 6/15 +1.50/–1.5*80

5 – LE Preoperative 6/20 6/15 +1.0/–3.0*120 50 1.6 2 3
Postoperative 6/9 6/7.5 +0.25/–1.75*80
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The general changes produced by this combined treat
ment modality are flattening of the cone and improve
ment of the overall shape. This occurs because this 
treatment flattens the inferior steepest area and steepens 
the superior flattest area. After the procedure, patients are 
easier to fit with glasses or contact lenses, which are also 
better tolerated than before. Increased functionality and 
delayed or eliminated need for penetrating keratoplasty 
are also benefits of this treatment.

In this article, we report our results of this combined 
procedure. There was a rapid and significant improve
ment in UCVA and BCVA in 100% eyes, a reduction 
of keratometric values, and symmetry between verti
cal hemimeridians. Topographic evaluation showed a 
marked improvement in irregularity.

There were no signs of keratoconic progression noted 
in any of the eyes on last followup. No adverse events 
were reported in any patient.

Our findings correspond with results reported by 
Kanellopoulos7 with sameday, simultaneous topography
guided surface ablation and CXL as a therapeutic interven
tion in highly irregular corneas with progressive corneal 
ectasia. Simultaneous surface ablation followed by CXL 
seems to be a promising treatment capable of offering 
patients functional vision and halting progression of the 
disorder.

Larger, comparative studies establishing the safety 
and efficacy of this treatment and longer followup are 
necessary in order to further validate these results and 
potentially make this treatment available for ectatic 
corneal disorders.
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