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I
n the past few years, ophthalmic surgeons have

begun to treat patients suffering from keratoconus

and postrefractive surgery ectasia with a simple and

relatively low-cost alternative to corneal transplan-

tation. The concepts behind and early research on

cross-linking collagen to increase the stiffness of the

cornea in eyes with keratoectasia was first introduced

decades ago.1,2 Experimental studies have demonstrated

that the photosensitizer riboflavin and ultraviolet irradi-

ance strengthen corneal tissue by increasing the colla-

gen covalent bonds, similarly to photopolymerization in

polymers.3 Corneal collagen cross-linking (CXL) signifi-

cantly increases the diameter of collagen fibers.

Immunofluorescence confocal microscopy has shown a

pronounced compacting of collagen fibers in the anteri-

or stroma of porcine corneas after their exposure to

riboflavin and ultraviolet-A light.3,4

FIRST HUMAN TRIALS
In 2003, Seiler et al published the results of the first

human trials of CXL. The progression of keratoconus was

at least halted in all treated eyes. They found regression

with a reduction of the maximal keratometry (K) readings

by 2.01 D and of the refractive error by 1.14 D In 16 eyes

(70%). The transparency of the cornea and lens, endothe-

lial cell density, and IOP remained unchanged, but visual

acuity improved slightly in 15 eyes (65%).5 Subsequent

worldwide studies continue to confirm the safety and effi-

cacy of CXL.6,7 Recent research published in the United

States has confirmed the results of international investiga-

tions, yet the FDA has not approved this treatment.8

Interestingly, recently published, long-term studies of

CXL suggest that improvement continues for many years

after the initial treatment. Another benefit is that the fre-

quency of retreatment is low. Raiskup-Wolf et al analyzed

the results of 241 eyes with a minimum follow-up of 

6 months. The corneal steepening decreased significantly

by 2.68 D in the first year, 2.21 D in the second year, and 

4.84 D in the third year. BCVA improved significantly in

53% of 142 eyes in the first year, 57% of 66 eyes in the sec-

ond year, and 58% of 33 eyes in the third year, or it

remained stable in 20%, 24%, and 29%, respectively. Two

patients experienced continuous progression of their ker-

atoconus and underwent repeat CXL procedures. Both of

these patients suffered from neurodermatitis on intensive

systemic therapy. They were retreated with CXL, as it is

believed that the deterioration of the eye and the skin

findings were directly related.9

CXL TODAY
Present-day treatment involves CXL as a standalone

procedure. Concerns over possible microbial keratitis

after epithelium-off CXL10 have led to a debate over for-

mulations, concentrations, and times of riboflavin’s appli-

cation to the corneal surface with the epithelium intact

or removed.8,9,11 After standalone CXL, many patients are

able to resume wearing spectacles or contact lenses with

satisfactory visual results.12

New innovations by surgeons experienced in CXL

include its pairing with other surgical interventions.

Kanellopoulos compared simultaneous CXL and PRK with

sequential CXL and PRK in a series of almost 400 eyes with

an average 3-year follow-up. He found greater improve-

ments in patients’ mean UCVA and BCVA and a greater

reduction in spherical equivalent refraction, haze score, and

K values in the simultaneous-procedure group.13

Surgeons have also performed CXL on the eyes of

patients who had intracorneal ring segments (ICRS) in place.

CXL after the implantation of ICRS resulted in additional

improvement in UCVA, BCVA, sphere, cylinder, and K val-

ues. The combined procedure yielded an additional 1.2 lines
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(P < .05) of UCVA and 0.36 lines (P < .05) of BCVA. The

decrease in sphere, cylinder, mean K values, and steepest K

values were 2.08 D (P < .05), 0.47 D (P > .05), 2.22 D 

(P < .05), and 1.27 D (P < .05), respectively, after ICRS treat-

ment, with an additional 0.5 D (P < .05), 0.15 D (P > .05),

0.35 D (P > .05), and 0.76 D (P < .05) of improvement

gained after CXL in each respective parameter.14

REMAINING QUESTIONS
Although the information about CXL is encouraging,

questions remain. Should the epithelium be removed or

left intact? What is the correct formulation of riboflavin?

What percentage of the cornea should be cross-linked?

How is the effect of CXL accurately measured? Can CXL

be repeated? 

CONCLUSION
The benefits of CXL are becoming well known, and

treatments are routinely being performed worldwide

where the procedure is approved—including all 

25 nations of the European Union. While US surgeons

anxiously await FDA approval of this exciting technique,

research continues in an effort to fine-tune the results

for patients. ■
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