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RefRactive SuRgeRy coRneal collagen cRoSS-linking

S
ince first introduced by Seiler and Spoerl in 
1997,1 corneal collagen cross-linking (CXL) has 
proven safe and effective for improving the bio-
mechanical stability of eyes with keratoconus 

(KC) and related keratectatic conditions.2-5 Unlike the 
earlier treatments of KC that only attempted to ame-
liorate the disease’s consequences, CXL addresses the 
corneal biomechanical weakening itself. The procedure 
has also been suggested for a number of other corneal 
conditions such as bullous keratopathy,6,7 microbial 
keratitis,8-12 and corneal ulceration8 as well as for modi-
fying donor tissue prior to keratoplasty13 and as an 
adjunct to orthokeratology.

Often called the Dresden protocol, the standard CXL 
protocol described by Wollensak and colleagues provid-
ed the foundation for a broad evaluation of the CXL pro-
cedure and established the benchmarks for its safety and 
efficacy.2 As surgeons’ knowledge of CXL has increased 
and the indications for its use have widened, various 
modifications of the Dresden protocol have emerged, 
raising the possibility of individualizing treatments for 
various stages and forms of keratectatic disease. Current 
modifications include the use of CXL without epithelial 
removal, variations on ultraviolet A (UVA) fluence and 
duration, and the combination of CXL with procedures 
aimed at optical improvement and visual rehabilitation. 

DRESDEN PROTOCOL
The Dresden protocol includes removal of the cor-

neal epithelium in a diameter of 9 mm, followed by 
saturation of the corneal stroma using 0.1% isotonic 
riboflavin solution in 20% dextran and UVA irradiation 
with 5.4 J/cm2 (3 mW/cm2 for 30 minutes). Reported 
refinements of the epithelial removal involve the use of 
various debridement burrs, alcohol solutions, photo-
therapeutic keratectomy,14 or Daya’s epithelial disrupt-
er (Duckworth & Kent Ltd.). Minor protocol adjust-
ments have been introduced to improve the safety of 
the procedure. Examples include inducing miosis with 
pilocarpine to protect the retroiridal structures and 
the use of a Merocel ring (Medtronic, Inc.) to shield the 
limbal area. A new generation of UV lamps uses either a 

top hat instead of Gaussian beam profile (KXL; Avedro 
Inc.) or the spatially adjusted distribution of UV energy 
from the multiple UV diodes to compensate for the 
midperipheral loss of energy in the dome-shaped cor-
nea (UV-X 2000; IROC Innocross AG).

TRANSEPITHELIAL CXL
Postoperative discomfort, a possibility of delayed 

epithelial healing,14 infection,15 stromal haze,16 and cor-
neal melting17 represent the disadvantages of epithelial 
debridement that have led surgeons to explore trans-
epithelial CXL. The reported clinical outcomes are prom-
ising.18,19 Experimental studies, however, have shown a 
significantly lower efficacy of transepithelial CXL com-
pared to the standard epithelium-off approach20-22 due 
to the low epithelial permeability of riboflavin. Chemical 
enhancers such as benzalkonium chloride,23 trometamol, 
and ethylenediaminetetraacetic acid19 as well as the use 
of hypotonic riboflavin solution24 without dextran seem 
to enhance riboflavin’s penetration. The use of ionto-
phoresis25 and scarification of the superficial epithelial 
layers also enhance riboflavin’s penetration through the 
epithelium. 

No matter which approach is used, stromal saturation 
with riboflavin is crucial and should always be visualized 
(Figure) before the UVA irradiation. Some researchers 
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Figure.  Stromal saturation with riboflavin achieved after epi-

thelial puncture with Daya’s epithelial disrupter (left), after 

chemically enhanced epithelial permeability (center), and 

after epithelial removal (right). 
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claim that, even with a sufficient stromal concentration 
of riboflavin, the effect of the transepithelial CXL may 
be decreased due to the attenuation of UVA radiation 
by the epithelium.26 That would imply that UVA energy 
must be increased beyond the current level of 5.4 J/cm2 
when the epithelium is kept intact. 

ACCELERATED CXL
New UV lamps are manufacturers’ response to the 

growing demand among surgeons to shorten the dura-
tion of UVA irradiation. Some of the lamps offer fixed 
treatment times of 10 and 5 minutes with the use of a 
power of 10 and 18 mW/cm2 for the UV-X 2000 and 
CCL 365 HE (Peschke Meditrade GmbH), respectively. 
The KXL system allows a wide range of adjustable times 
(1-30 minutes) with a UV power of 3 to 45 mW and 
increased maximum irradiance to 10 J/cm2. (For more 
on UV lamps, please see the article by Drs. Cummings 
and Rajpal on page 40 of this issue.)

Kanellopoulos reported that the use of higher-fluence 
UVA for a shorter time (7 mW/cm2 for 15 minutes) is 
safe and effective.27 He found that this approach achieves 
similar clinical results to the Dresden protocol in terms 
of stabilizing ectasia.14 

COMBINED TECHNIQuES
Although CXL stops the keratectatic process in most 

cases, the procedure itself often is not sufficient to pro-
vide visual rehabilitation. Ophthalmologists, therefore, 
have attempted to combine CXL with various refractive 
surgical techniques. The implantation of intracorneal ring 
segments with sequential or subsequent CXL has proven 
effective.28,29 The limited use of topography-guided trans-
epithelial PRK followed by CXL has also been shown to 
improve visual acuity and stabilize KC.30,31 Same-day PRK 
followed by CXL appears to be superior to sequential 
PRK after CXL, and the former has been widely used as 
the Athens protocol.30 Combining CXL with the implan-
tation of a phakic toric IOL safely and effectively corrects 
myopic astigmatism in eyes with mild to moderate KC.32 
The triple procedure of CXL combined with topography-
guided PRK to regularize the corneal shape and the 
implantation of a phakic IOL to optimize the refraction 
may rehabilitate the patient’s vision with a higher pre-

dictability of the refractive outcome compared with CXL 
combined with topography-guided PRK alone.

EFFICACy 
The exact amount of CXL needed to achieve a success-

ful clinical outcome is currently unknown. A very low 
failure rate with the Dresden protocol, however, implies 
that surgeons may be applying more treatment than 
necessary. Modifications of physical parameters like the 
local concentration of riboflavin in stromal tissue, UVA 
fluence, and the duration of the UVA exposure are inter-
related. A model for optimization has been presented,33 
thus allowing customization of the amount and depth 
of cross-linking. At this stage, however, any changes to 
the Dresden protocol should be applied cautiously and 
systematically. n

Note: CXL is not FDA approved.
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Weigh in on this topic now!
To take this survey online, photograph the QR 

code using your smartphone or go to  

www.research.net/s/CRST5.  If you do not have 

a QR reader on your phone, you can download 

one at www.getscanlife.com.

1.  When the technology is approved in the United 
States, will your practice offer corneal collagen 
cross-linking? 

 Highly likely 
 Unlikely 
 Undecided


