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1. Background 

KC Prevalence reports worldwide

95-fold 
increase
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Adaptation of the CXL protocol for thin corneas

thinnest point 356𝜇m
(with epithelium)

Case Example 25
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Cornea of 260 µm - CXL?

260 µm
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Adaptation of the CXL protocol for thin corneas

UV  
intensity
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Do not adapt the cornea to the protocol. 

Rather adapt the protocol to the cornea. 
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Linear relationship:  
CXL-density determines the amount of corneal stiffening

Kling et al., J Refr Surg, 2017

   Best range for CXL: 

•significant sQffening 
•no adverse effects

Predicting CXL efficacy with a model
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Nomogram for ultra-thin corneas  
to individually settle irradiation time required for safe CXL treatment

Kling et al., J Refr Surg, 2017
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Fixed Fluence (5.4 J/cm2)

400 µm 300 µm
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Fixed Fluence (5.4 J/cm2)

400 µm 300 µm
Hipo-osmolaric 

Contact lens-assisted 
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Individual Fluence

400 µm 300 µm 200 µm

3mW/cm2 for 30’
5.4 J/cm2

3mW/cm2 for xxx’
xxx J/cm2

3mW/cm2 for xxx’
xxx J/cm2
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2. Purpose

Purpose

To analyse if individualized CXL with shorter irradiation times  
is able to stop keratoconus progression up to 12 months after treatment. 



Emilio A. Torres-Netto

BRASCR

1. Background 

2. Purpose

Methods

•  47 progressive keratoconus eyes (ΔKmax>1D / year) of 35 patients 
•  Corneal thickness ≤ 400µm directly before UV irradiation 

Case Example 9

3. Methods

C X L  
Individually adjusted irradiation time

(irradiance 3mW/cm2)



Emilio A. Torres-Netto

BRASCR

1. Background 

2. Purpose

3. Methods

Treatment Protocol

0.1% hypoosmolar riboflavin (30q2)
SOAKING

Post-ribo thickness

EPITHELIUM  
REMOVAL

Post-abrasio thicknessPre-op thickness
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3. Methods

Treatment Protocol

Post-ribo thickness

Desired demarcation line

+

Required UV irradiation time

70𝜇m
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2. Purpose

3. Methods

Treatment Protocol

Required UV irradiation time

70𝜇m
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2. Purpose

3. Methods

Follow-up

OCT
1 month post-op

* * Scheimpflug
1, 12 month post-op

Clinical 
1week, 6 and 12 month
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2. Purpose

3. Methods

4. Results

Demarcation line at 1-month

Median demarcaeon line depth:  

307 𝜇m 
* *
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4. Results

Individualized CXL - sub400 protocol

Refraction

Pre-op 1-year-post

Visual Performance

SPH

CYL

BCVA

NO significant changes
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2. Purpose
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Individualized CXL - sub400 protocol

K Max Central 3mm radius
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4. Results

Individualized CXL - sub400 protocol

Change in 3mm-central keratometry

Median change: -2.1D (Kmax)

1 year post-op

Failure rate: 8.6%



@Farhad_Hafezi prof.farhadhafezi

CXL for keratoconus

The sub400 protocol: Individualized CXL

220 µm

520 µm
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1-year post-op
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1-year post-op
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4. Results

1-year post-op
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2. Purpose

3. Methods

4. Results

Final messages

5. Conclusion

• Individualized CXL with „Sub400 Protocol“ show promising results in halting 
KC progression in ultra-thin corneas; 

• Treatments down to 220 um of stroma are possible 

• Treatment makes sense if useful vision can be provided 

• One-year failure rate is slightly higher than standard CXL (9% vs 7%); 

• New nomogram is able to treat and brings new perspectives to treatment of 
ultra-thin corneas with keratoconus.
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