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CXL: Clinical results
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CXL: 15-year results

• 47 eyes of 36 patients

• CXL between 1998 and 2006

• F/U after 10 and 15 years

• CXL perfomed according Dresden 
Protocol

• linear mixed model used to evaluate 
the  data taking into account            
the inter-eye correlation  

Raiskup F, Herber R, Lenk J et al. Corneal crosslinking with riboflavin and UVA light in progressive keratoconus: 
fifteen-year results. Am J Ophthalmol. 2023; 250: 95-102
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Astigmatism

Visual acuity

CXL: 15-year results

• haze in 16/47 eyes (34%)

• re-CXL (13 %) in mean period after 
1. CXL 7.8 ± 4.3 y.



Re-CXL: risk factors

• high preoperative Kmax
• neurodermatitis combined with other 

atopic disease

Lenk J, Herber R, Oswald Ch. et al. Risk factors for progression of keratoconus and failure rate after corneal cross-
linking. J Refract Suef. 2021; 37: 816-823

• 62 eyes of 47 patients

• mean age: 14±2,4 y.  (8-18y.)

• 80% male

• KC stability in nearly 80%

• progression rate 20% (15 y. and
younger)

Cornea 2018; 37: 560-566

Effect of CXL vs. 
standard care on keratoconus
progression in young patients

• progression in the CXL group occured
in 7% compared to 43% in the
standard care group

• CXL should be considered as a first-
line treatment in progressive disease

Larkin DFP, Chowdhury K,  Burr JM et al. Effect of corneal cross-linking versus standard care on keratoconus progression in 
young patients. The KERALINK randomized controlled trial. Ophthalmology 2021; 128: 1516-1526



Accelerated CXL

• shortens the illumination time by
increasing the illumination intensity
(Bunsen-Roscoe law of reciprocity)

• reduces the overall treatment time

• The biomechanical effect of CXL 
decreased significantly when
using high irradiance/short
irradiation time settings.
Intrastromal oxygen diffusion
capacity and increased oxygen
consumption associated with higher
irradiances may be a limiting factor
leading to reduced treatment
efficiency.

Accelerated CXL

Hammer A, Richoz O, Mosquera SA et al. Corneal biomechanical properties at different corneal CXL irradiances. IOVS 2014; 55: 
2881-2884

Cornea 2023; 42: 252-260



• 22 studies with 1158 eyes

• „…less corneal thinning favours A-CXL, 
whereas the deeper demarcation line and 
greater changes in minimum keratometric
values in C-CXL may indicate a higher
efficacy…“

• both procedures provide successful results in 
the strengthening of corneal tissue

Acta Ophthalmol. 2019; 97: e22-e35

Acta Ophthalmol. 2023; 00: 1-12

Complications of A-CXL
• delayed epithelial healing - 1,8% (in 

patients with vernal keratoconjunctivitis)

• haze formation in early postoperative 
period - 9,1% 

• sterile infiltrates - 1,2%

• infectious keratitis - 0,5%

• treatment failure - 4,2%

• loss of 2 or more Snellen lines - 2,4%

• scar - 1,3%
Cakmak S, Sucu ME, Yildrim Y et al. Complications of accelerated corneal collagen cross-linking: review of 2025 eyes. 
Int Ophthalmol 2020; 40:3269-3277



Cornea 2020;39:63–70

• TE-CXL and accelerated protocol appeared 
to be associated with lower efficacy in halting 
keratoconus progression  

• one-third of the cases treated with TE-CXL 
required retreatment



Iontophoresis

• 586 eyes from three randomised
controlled trials and seven 
comparative studies were analyzed

• no differences were found in the
change in UDVA/CDVA, Kmax, TCT, 
HOA, DL depth in both CXL protocols

• there was a significant reduction in 
complications following I-CXL

Wan KH, Ip ChKY, Kua WN et al. Transepithelial corneal collagen cross-linking using iontophoresis versus the Dresden 
protocol in progressive keratoconus: A meta-analysis. Clin Experiment Ophthalmol. 2021; 49: 228-241  

Cornea 2015; 34(9): 991-995

Acta Ophthalmol. 2016



• 26 eyes

• 26 patients: 18 ♂ / 8 ♀

• 23 after LASIK, 3 after PRK

• Age: 35 ± 9 years

• F/U: 25 ± 13 mo. (12-62 mo.)

Ophthalmology 2013

CXL in iatrogenic ectasia

• undiagnosed KCN: 15 eyes

• undiagnosed PMD: 3 eyes

• deep stromal ablation: 3 eyes

Ophthalmology 2013



CXL in iatrogenic ectasia

• CDVA improved in 19 cases

• CDVA remained stable in 7 cases

• Kmax improved in 19 cases

• Kmax remained stable in 7 cases

• no serious complications reported
postoperatively

Ophthalmology 2013

CXL in iatrogenic ectasia

• „…long-term stability without
significant side effects…“

• „…accelerated CXL seems to be safe
and effective in halting postoperative 
LASIK ectasia progression after 2 
years…“

Yildirim A, Cakir H, Kara N. Corneal collagen crosslinking for ectasia after laser in situ keratomileusis: long-term results. JCRS 
2014; 40: 1591-1596
Marino GK, Torricelli AA, Giacomin N et al. Accelerated corneal collagen cross-linking for postoperative LASIK Ectasia: two-
year outcomes. JRS 2015; 31:380-384

• 17 eyes of 13 patients

• mean age: 31 y. (23 – 39y.)

• mean follow-up: 80,7±15 mo. (57-102mo.)

• UDVA remained stable or improved ≥1 
Snellen lines in 88,2%

• CDVA remained stable or improved ≥1 
Snellen lines in 76,5%

• significant decrease of Kmax

Int J Ophthalmol 2019; 12: 333-337



Cureus 2021; 13(11): e 19552

CXL in iatrogenic ectasia 
Complication: epithelial ingrowth
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