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CXL

• Global standard of care for keratoconus

• Approximately 200’000 procedures per year

• Does not improve topography but stabilizes it

Corneal transplantations

After 2012

-50%

Before 2012

Godefrooj et al., 2016

Sandvik et al., 2015

CROSS-LINKING (CXL)



info@elza-institute.com
www.elza-institute.com

CXL

CROSS-LINKING (CXL)



info@elza-institute.com
www.elza-institute.com

CXL

CROSS-LINKING (CXL)



info@elza-institute.com
www.elza-institute.com

CXL
Protocols

Epi - off Epi - on Customized

Since 2020Since 2000

CROSS-LINKING (CXL)
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CXL
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CXL

CROSS-LINKING (CXL)
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CXL

EPI-ON CROSS-LINKING (CXL)
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CXL

Iontophoresis 
(To ensure riboflavin saturation)

Supplemental oxygen 
(To ensure oxygen saturation)

EPI-ON CROSS-LINKING (CXL)
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CXL

• No additional oxygen, no iontophoresis needed

EPI-ON CROSS-LINKING (CXL)
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• Strong epi-on

• With special eye 

drops

• No iontophoresis 

needed

• No additional 

oxygen needed

EPI-ON CROSS-LINKING (CXL)

CXL
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PACE

PACE

PRK

Contact lenses

ICRS
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PACE

PTK Assisted Customized Epi-on

CXL

• Strong and immediate flattening

• No tissue removal like in excimer laser ablation, corneal 

stroma intact
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PACE 2
Gradient 

between epi-off 

and epi-on

1
Decentered PTK,

Epithelial map-

guided
Epi-on

Epi-off
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Gradient of 
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guided
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PACE

4
Gradient 

between high 

and low fluence

2
Gradient 

between epi-off 

and epi-on
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Gradient of 

riboflavin 

saturation

1
Decentered PTK,

Epithelial map-

guided
Low 

fluence
Epi-on 

CXL

High 
fluence epi-

off CXL
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PACE

High-fluence pulsed, mixture epi-on and epi

Epi-off

Epi-on

PACE
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PACE

AFTER 3 
MONTHS

BEFORE

PACE

THICKNESS?
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PACE

DEMARCATION LINE

epi-on

epi-off
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PACE

PLANNING THE PTK
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PACE

OFFSET

SHAPE

PLANNING THE PTK
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PLANNING THE PTK
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PACE

DIFFERENCE TO CURRENT PRK/CXL PROTOCOLS

ATHENS
PROTOCOL

PROTOCOL
CRETAN

TREKSTARE-X
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PACE

Excimer laser
STROMA IS REMOVED

CRETAN

STARE-X

TREK

ATHENS

Cross-Linking
STROMA UNCHANGED

ADDITIONAL COUPLING EFFECT

PACE
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BEFORE
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Conclusion

(1)Regularization of up to 12 D

(2)Improves CDVA

(3)Later, wavefront-guided PRK is 

possible

(4)Can be used in stable keratoconus

CONCLUSION PACE
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Conclusion
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