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Abstract 
This article discusses corneal cross-linking (CXL) and how it transitioned from a modality for treating 
corneal ectatic disorders to an inventive means of treating infectious keratitis. Initially, CXL was successfully 
developed to halt the progression of ectatic diseases such as keratoconus, using the standard Dresden 
protocol. Later, indications were extended to treat iatrogenic ectasia developing after laser-assisted in situ 
MGTCVQOKNGWUKU� 
.#5+-��CPF�RJQVQ�TGHTCEVKXG�MGTCVGEVQO[� 
24-���#V�VJG�VKOG��KV�JCF�DGGP�RQUVWNCVGF�VJCV� 
VJG�EQODKPCVKQP�QH�WNVTCXKQNGV�NKIJV�YKVJ�TKDQƀCXKP�EQWNF�PQV�QPN[�DKQOGEJCPKECNN[�UVTGPIVJGP�VJG�EQTPGC� 
but also was capable of destroying living cells and organisms including keratocytes and pathogens. 
Thus a new and innovative concept of treatment for infectious keratitis emerged through the use of CXL 
technology. Initially only advanced infectious melting ulcers resisting standard microbicidal therapy were 
treated with CXL in addition to standard therapy. In subsequent studies CXL was also used to treat bacterial 
MGTCVKVKU�CU�ſTUV�NKPG�VJGTCR[�YKVJQWV�VJG�WUG�QH�EQPEQOKVCPV�CPVKDKQVKE�VJGTCR[��9KVJ�VJG�KPETGCUKPI�KPVGTGUV� 
in CXL technology to treat infectious keratitis and to clearly separate its use from the treatment of ectatic 
disorders, a new term was adopted at the 9th�%:.�EQPITGUU�KP�&WDNKP�HQT�VJKU�URGEKſE�KPFKECVKQP��2#%-�%:.� 

RJQVQCEVKXCVGF�EJTQOQRJQTG�HQT�KPHGEVKQWU�MGTCVKVKU���2#%-�%:.�JCU�VJG�RQVGPVKCN�VQ�GXGPVWCNN[�DGEQOG� 
an interesting alternative to standard antibiotic therapy in treating infectious corneal disorders, and may 
help reduce the global burden of microbial resistance to antibiotics and other therapeutic agents. 

Keywords: %QTPGCN�%TQUU�NKPMKPI��%QTPGCN�7NEGT��+PHGEVKQP��-GTCVKVKU��4KDQƀCXKP��7NVTCXKQNGV�# 

J Ophthalmic Vis Res���������� 
���������� 

INTRODUCTION 

Corneal cross-linking (CXL) is a technique that was 
initially developed in Germany and Switzerland to halt 
the progression of keratoconus.[1] The technique employs 
TKDQƀCXKP�FTQRU�CPF�����PO�WNVTCXKQNGV�#�NKIJV�VQ�IGPGTCVG� 
additional cross-links in the cornea. Specifically, the 
TKDQƀCXKP�CEVU�CU�C�EJTQOQRJQTG�CPF�TGNGCUGU�HTGG�TCFKECNU�� 
VJWU� ETGCVKPI� PGY� DQPFU�DGVYGGP� EQNNCIGP�ſDGTU�CPF� 
proteoglycans. These additional cross-links increase the 
QXGTCNN�DKQOGEJCPKECN�UVTGPIVJ�QH�VJG�EQTPGC��#�PWODGT� 
of studies have shown that CXL has become an effective 
treatment for patients with keratoconus, providing 
long-term stabilization of the anterior corneal curvature.[2-7] 

Correspondence to: 
(CTJCF�*CHG\K��/&��2J&��6JG�'.<#�+PUVKVWVG��
 
9GDGTGKUVTCUUG���������&KGVKMQP�<*��5YKV\GTNCPF��
 
'�OCKN��HJCHG\K"GN\C�KPUVKVWVG�EQO
 

4GEGKXGF������������� #EEGRVGF������������ 

The successful use of CXL to treat keratoconus 
led to its application in treating postoperative ectasia 
CHVGT�.#5+-�CPF�24-��6JKU�VTGCVOGPV�TGUWNVGF�KP�DQVJ� 
UJQTV�VGTO�CPF�NQPI�VGTO�UVCDKNK\CVKQP�QH�-�XCNWGU��QVJGT� 
topographical indices and improvement of corrected 
FKUVCPEG�XKUWCN�CEWKV[� %&8#�� [8-12] 

NEW PERSPECTIVES 

2JQVQ�CEVKXCVKQP�QH�TKDQƀCXKP�JCU�DGGP�WUGF�HQT�[GCTU�KP� 
photochemical pathogen inactivation technologies (PCT) 
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for fresh-frozen plasma(FFP). This form of photo-activation 
enabled donor blood to be treated for various pathogens, 
UWEJ�CU�DCEVGTKC�CPF�XKTWUGU��D[� KPCEVKXCVKPI� VJGO��#U� 
a result, the risk of infection for blood recipients was 
UKIPKſECPVN[�TGFWEGF�=�����? 

Recently, the antimicrobial effect of riboflavin 
photo-activation has been explored for potential 
CRRNKECVKQP�KP�QRJVJCNOKE�KPHGEVKQWU�FKUGCUGU��URGEKſECNN[�� 
its use in corneal collagen cross-linking has been 
suggested as a treatment modality for infectious keratitis. 
In 2000, Schnitzler, Spoerl and Seiler reported their 
use of CXL for stabilization of non-infectious corneal 
melting of various causes in four patients.[18] The melting 
process stopped in three out of four patients, which 
delayed surgical treatment. This early trial demonstrated 
the efficacy of CXL in biomechanically stabilizing 
structurally altered corneas without inducing ectasia. 

In 2008, Iseli et al conducted the first study to 
treat melting corneas exclusively of infectious origin 
with CXL.[19] Five patients were enrolled including  
three patients with mycobacterial keratitis and two 
QVJGTU� YKVJ� HWPICN� MGTCVKVKU�� #NN� ECUGU� JCF� DGGP� 
unresponsive to regular topical and systemic treatment 
CPF�JCF�FGXGNQRGF�EQTPGCN�OGNVKPI��#NN�G[GU�TGEGKXGF� 
treatment using the technical parameters of the Dresden 
RTQVQEQN� 
��O9�EO2� HQT����OKPWVGU��[1]� +P� HQWT�QH�ſXG� 
RCVKGPVU��VJG�OGNVKPI�RTQEGUU�YCU�JCNVGF��VJG�ſHVJ�RCVKGPV� 
had persistent corneal melting caused by an immune 
reaction without any remaining active pathogen. CXL 
proved to be effective not only in stabilizing a melted 
cornea, but more importantly, in killing pathogens of 
different origins in advanced and therapy-resistant 
MGTCVKVKU��#FFKVKQPCN�ECUG�UVWFKGU�QP� VJG�GHHGEV�QH�%:.� 
treatment on melting corneas showed similar results.=�����? 

In light of these promising results from multiple 
studies, Makdoumi (2011) reported a non-randomized 
ENKPKECN�UVWF[�VQ�KPXGUVKICVG�VJG�GHſECE[�QH�%:.�CU�ſTUV� 
NKPG� VJGTCR[� HQT� VTGCVKPI�DCEVGTKCN� MGTCVKVKU�� #� VQVCN� QH� 
���RCVKGPVU� 
���RCVKGPVU�YKVJ�FKCIPQUGF�EQTPGCN�WNEGTU� 
CPF� �� RCVKGPVU� YKVJ� EQTPGCN� KPſNVTCVGU�� YKVJQWV� CP[� 
prior topical or systematic treatment were treated with 
UVCPFCTF� �� OY�EO2 CXL as outlined in the Dresden 
protocol.[1]�%QORNGVG�GRKVJGNKCN�JGCNKPI�QEEWTTGF�KP����QH� 
���RCVKGPVU��CPF�CNN�QH�VJGO�FGOQPUVTCVGF�U[ORVQOCVKE� 
KORTQXGOGPV�CPF�TGFWEGF�KPƀCOOCVKQP��CNVJQWIJ�VYQ� 
patients needed supplemental antibiotic therapy. This 
study suggests that CXL might be effective not only 
in treating advanced ulcerative infectious keratitis as 
an adjuvant, but also for treating early-stage bacterial 
KPſNVTCVGU�CU�ſTUV�NKPG�VTGCVOGPV� 

CXL’s antimicrobial effect is due to the effect of UV 
NKIJV�KPVGTCEVKPI�YKVJ�TKDQƀCXKP�CU�VJG�EJTQOQRJQTG��78� 
light has already been used as an antimicrobial treatment 
for disinfecting water, surfaces and air. It damages both 
VJG�&0#�CPF�40#�QH�RCVJQIGPU��KPENWFKPI�DCEVGTKC�CPF� 
viruses, and renders them inactive.=�����?� #FFKVKQPCNN[�� 

VJG� TKDQƀCXKP�CDUQTDU�RJQVQPU�CPF�IGPGTCVGU� TGCEVKXG� 
oxygen species (ROS). Those free radicals create covalent 
EQPPGEVKQPU�DGVYGGP�URGEKſE�COKPQ�CEKFU�KP�UWTTQWPFKPI� 
EQNNCIGP�ſDGTU� CPF� RTQVGQIN[ECP�OQNGEWNGU�� TGUWNVKPI� 
in new covalent bonds.[7] In 2008, a study presented  
data showing the antimicrobial effect of riboflavin 
RJQVQCEVKXCVGF�D[�78�#�NKIJV�QP�CICT�RNCVGU��4GUGCTEJGTU� 
also compared the antimicrobial effect of CXL with 
VJCV�QH�78#�NKIJV�CNQPG��6JG�NCVVGT�YCU�HQWPF�VQ�DG�NGUU� 
GHHGEVKXG�KP�MKNNKPI�URGEKſE�OKETQDKCN�UVTCKPU��(WTVJGTOQTG�� 
TKDQƀCXKP�CNQPG�FKF�PQV�UJQY�CP[�UKIPKſECPV�DCEVGTKEKFCN� 
effect in the experiment.=��? 

THE FUTURE OF CXL TREATMENT 

The Dresden protocol was developed to treat corneal 
ectatic disorders and has proven to be safe based on 
long-term results. Physicians and researchers exploring 
new applications for CXL treatment have so far used this 
safe and proven Dresden protocol almost exclusively, 
YKVJQWV� OQFKſECVKQPU�� 0QY� VJCV� C� ITQYKPI� DQF[� QH� 
evidence shows that standard treatment is effective in 
infectious keratitis, it might be possible to improve the 
treatment by modifying parameters in the protocol such 
as time, duration of irradiance applied and even the type 
QH� EJTQOQRJQTG�� VQ� FGVGTOKPG�YJGVJGT� OQFKſECVKQPU� 
lead to better outcomes for patients. Most interestingly, 
Richoz et al have recently shown that an accelerated 
RTQVQEQN� WUKPI� ��� O9�EO2� HQT� �� OKPWVGU� CPF� GXGP� 
���O9�EO2�HQT�����OKPWVGU�CNNQYU�VQ�OCKPVCKP�VJG�UCOG� 
high bacterial killing rate observed in earlier studies 
using the Dresden protocol.=��? 

To encourage exploration of different applications of 
%:.�CPF�OQFKſECVKQPU�QH�VJG�&TGUFGP�RTQVQEQN��VJG�PKPVJ� 
%:.�EQPITGUU�KP������GUVCDNKUJGF�UGRCTCVG�FGUKIPCVKQPU� 
to distinguish between the use of CXL in treating 
ecstasies and the use of CXL in infectious keratitis. The 
latter is now known as photo-activated chromophore 
HQT� KPHGEVKQWU� MGTCVKVKU� 2#%-��%:.� =��? The use of  
%:.� CPF� 2#%-�%:.� OC[� JCXG� VJG� CFFGF� DGPGſV� QH� 
allowing treatment of infectious corneal diseases without 
WUKPI�CPVKDKQVKEU��#U�OKETQDKCN�TGUKUVCPEG�VQ�CPVKDKQVKEU� 
increases, new lines of treatment will be needed to 
replace them and thus CXL may be a promising new 
alternative treatment modality in the future. 
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