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| A R T I C L E |

Corneal Collagen Cross-linking Induced by UVA
and Riboflavin (X-linking)
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| HISTORICAL BACKGROUND

Corneal ectasiaAQ1 after laser-assisted in situ keratomileusis
([LASIKAQ2 ] or even photorefractive keratectomy [PRK])
has become one of the most vexing complications of
these widely performed refractive procedures. Since the
first reports of ectasia by Seiler and colleagues1,2 multi-
ple reports have appeared in the literature.3 It is now
thought that if an adequate residual stromal bed is left
during the LASIK surgery, and the patient later develops
ectasia, a form of keratoconus was probably present be-
fore the operation,4,5 even in patients with hyperopic
refractions.6 Researchers at Dresden Technical Universi-
ty headed by Seiler noted that diabetic patients do not
develop keratoconus because of nonenzymatic cross-
linking induced by advanced glycation end-products
(Maillard reaction). 7 They started looking at several
methods to induce corneal cross-linking such as sugars,
glutaraldehyde, and several light wavelengths combined
with riboflavin.8 Eventually, they settled in using corneal
cross-linking induced by 365-nm UVA enhanced by ri-
boflavin (X-linking) as a parasurgical treatment of kera-
toconus and corneal ectasia.

When riboflavin (vitamin B2) interacts with UVA, it
liberates a free oxygen radical into the surrounding cor-
neal stroma. The oxygen radical causes oxidative desa-
mination and hydrogen bond formation between the
amino acids of the collagen chains at the intrahelical,
interhelical, and intermicrofibrillar level. At the same
time, riboflavin helps to limit the penetration of UVA
into the eye, avoiding damage to the corneal endothe-

lium and other intraocular structures. Riboflavin has sev-
eral advantages: has an easy and safe handling, does not
change the transparency of the cornea, is widely avail-
able in the vitamin and food coloring industries, is non-
toxic, water soluble, and has a good stromal penetration.

The addition of 20% Dextran T500 prevents the cor-
nea from swelling during the operation to have a more
controlled environment and to maximize the penetration
of the UVA light, increasing the cross-linked collagen
volume.

Studies in porcine and human corneas have demon-
strated that X-linking increases collagen fiber diameter,9

the stress-strain relationship,10 their resistance against
enzymatic degradation,11 and that it decreases the
swelling pressure or edema potential of the cross-linked
cornea.12

The liberation of free oxygen radicals also produces
a cytotoxic and apoptotic effect on stomal keratocytes
(threshold, 0.5Y0.7 mW/cm2) with depopulation of the
cornea for the extent of the penetration of the UVA
(300 2m)13,14; the keratocytes repopulate the cornea in
a 3- to 6-month period.15 Riboflavin limits the penetra-
tion of UVA into the eye, the radiant dose drops from
3 mW/cm2 at the corneal surface to 0.35 mW/cm2

(toxic dose for the corneal endothelium16) 300 2m
from the surface; if a 400-2m lower limit of corneal stro-
ma is used as a prerequisite for performing X-linking,
there would be a 100-2m buffer zone that limits any en-
dothelial toxicity. The amount of UVA light that pene-
trates the anterior chamber is minimal, thus avoiding
crystalline and retinal toxicity.

| TECHNIQUE

The preoperative evaluation consists of a complete eye
examination plus a careful refraction, keratometry,
topography, regional pachymetry, and an endothelial
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cell count (optional). Contact lenses should be discon-
tinued before the operation to ensure a corneal contour
that is not warped.

We use the 365-nm UV-X Illumination system provid-
ed by the Institut f ür Refraktive und Ophthalmo Chirurgie
(Zurich, Switzerland). It consists of an AC-powered LED
UV light source. It produces a homogeneous beam of
UVA in 3 spot sizes: large (11.5 mm), medium (9.5
mm), and small (7.5 mm). The light intensity should be
calibrated before application with a special UV detector,
and the adequate range should be 3.0 T 0.3 mW/cm2,
and if it deviates from that value, an intensity switch
could be used to make the proper adjustment. The UV-X
light source is then mounted and placed 5 cm from the

patient’s eye. It is swung out temporarily, and attention
is directed to the eye. It is important to measure the ultra-
sonic corneal thickness at several points at this stage, and it
should be greater than 450 2m in all points, if less than
that, a hypotonic solution (see below) should be at hand.
The corneal epithelium is removed in 8- to 9-mm diameter
either with a blunt spatula or with 20% alcohol. An alter-
native is to remove the epithelium in strips creating a
cross-hatched pattern from limbus to limbus as suggested
by Seiler to speed up the recovery from the surgery ( F1Figs.
1 and 2). Penetration studies are being carried out to sup-
port this form of epithelium removal. Others apply the
riboflavin/Dextran solution to the intact epithelium just
loosening it with heavy topical anesthetic use,17 but this
method has not been replicated by most. A solution of
0.1% riboflavin in 20% Dextran T-500 is applied every
2 minutes for 30 minutes. The use of a saturated circular
7.0-mm cellulose sponge acts as a reservoir, maximizing
riboflavin delivery to the stroma and minimizing dripping
and wasting of the solution ( F3Fig. 3). The sponge should be
lifted with forceps as it is moved from place to place
around the cornea to minimize abrasive trauma to the epi-
thelial islands. In the past, fewer riboflavin drops were
instilled before UVA application, as the end point was a
yellow flare in the anterior chamber detected with a slit
lamp’s blue light; because flare could appear after only 5
minutes of riboflavin application,14 the protocol mentioned
above seems safer. Check corneal thickness again, and it
should be greater than 400 2m at all spots, otherwise,
use hypotonic 0.1% riboflavin solution (Medio-Cross hy-
potonic, Peschke Meditrade GmbH, Switzerland) 2 drops
every 10 seconds to swell the cornea above 400 2m (it
usually takes 3 minutes to get from 350 2m to 400 2m).
The UV-X light source is swung back over the eye, and it
is turned on. Adjust the spot size to irradiate only clear cor-
nea, minimizing any potential limbal toxicity. The UVA

FIGURE 1. The corneal epithelium is removed in strips
from limbus to limbus in a cross-hatched pattern with a
blunt and narrow instrument taking care not to dislodge a
LASIK flap if present. In this case, note the inferotemporal
intracorneal ring segment (Intacs).

FIGURE 2. Postoperative day 1 in a patient who had the
epithelium removed in a cross-hatched pattern. The
central cornea has healed completely, and there is only
a residual epithelial defect over the intracorneal ring
segment.

FIGURE 3. The use of a saturated circular sponge
maximizes penetration of the riboflavin/Dextran solution
and diminishes spillover.
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light is applied using a radiant energy of 3 mW/cm2 for 30
minutes (5.4 J/cm2). Continue to apply riboflavin drops
every 2 minutes. It is important to apply anesthetic drops
and lubricants as needed to the cul-de-sac, especially dur-
ing the laser application where the eye tends to dry out
some. The apparatus turns itself off after 30 minutes of
constant application.

At the end, a therapeutic soft contact lens with
good oxygen transmissibility is recommended to de-
crease pain without decreasing the quality of the re-
growing epithelium. The postoperative management is
similar to PRK, where the most important aspects are
pain control and promoting the healing of the corneal
epithelium.

Regarding pain control, the use of oral +-aminobu-
tyric acidAQ3 (GABA) analogues starting before the sur-
gery seems to increase pain threshold and improve
comfort; there are 2 analogues in the market: gabapen-
tin (Neurontin) and pregabalin (Lyrica); the first is used
at a dosage of 300 mg BID starting 1 to 2 days before
surgery and continuing 1 or 2 days afterward; the latter
is used in a similar manner, but the dosage is 150 mg
BID. Strong opioid oral analgesics such as meperidine,
tramadol, or codeine are usually needed; the use of an
antiemetic such as phenergan might be needed to coun-
teract the opioid-induced nausea. Topical nonsteroidal
anti-inflammatory drugsAQ4 could be used judiciously for
no more than 2 or 3 days to dampen the pain; if used in
excess, they could hinder corneal reepithelialization.18

The use of preservative-free topical anesthetics has
been used before in PRK.19 We use them diluted by
taking a 3-mL sample bottle of lubricant drops with dis-
appearing preservatives (Refresh Tears or Genteal)
and add 10 drops of 0.5% of proparacaine to dilute
it down to 0.125%. We have the patients use it liberally
(even every 5 minutes) to break the pain cycle. After they
are more comfortable, they use it every 30 to 60 minutes.
Another aspect sometimes forgotten is sleep induction
to promote epithelial healing and to make the patient
unaware of the pain; we use either midazolam or clona-
zepam as needed, taking into account that the GABA
analogues and the strong opioids already make most
patients sleepy. The pain seems to be worse the first
24 to 48 hours, and it gradually subsides; the patient
will usually be pain-free after day 5 to 7 when the contact
lens is removed.

Topical antibiotics are needed to prevent infection,
we prefer one of the fourth-generation quinolones be-
cause they have a wide spectrum of coverage and do
not seem to retard epithelial healing; they are used 4
times a day starting 1 to 3 days before surgery and for
1 week after the operation. The use of a mild steroid
such as fluorometholone is optional. If used, it is pre-
scribed in a manner similar to the topical antibiotics.

| DISCUSSION

The indications for X-linking are: (1) progressive steep-
ening of the cornea either in keratoconus (or its variants)
or iatrogenic keratectasia; (2) to potentiate the effect of
intracorneal rings17 (this indication needs more studies
to be confirmed); (3) corneal melting in corneas thicker
than 450 2m (counting the epithelium) at the thinnest
spot; and (4) allowing surface ablation in thin or suspi-
cious corneas (this indication needs further long-term
studies to be proven).

The contraindications for X-linking are: (1) corneas
thinner than 400 2m (after removing the epithelium)V
if the thickness of the stroma could be increased to
400 2m with partially hypotonic solutions, the proce-
dure could be performed; (2) prior incisional refractive
surgery, especially transverse incisions because they
tend to gape with contraction of the corneal lamella;
although if temporary corneal suturing if performed, a
good result could be obtained after corneal cicatrization
( F4Fig. 4); (3) pregnancy or nursing; (4) central corneal
opacities, relative to the improvement in visual acuity;
(5) severe dry eye that might hinder corneal reepithe-
lialization; and (6) systemic collagen disease, until
more information is gathered about X-linking in these
conditions.

After the epithelium heals 1 week after surgery,
there might be some transient corneal edema. One
way to ascertain that the treatment penetrated the cor-
nea adequately is to observe a demarcation line between
the cross-linked anterior stroma and the untouched pos-
terior stroma that becomes evident 2 weeks after the

FIGURE 4. Right eye of a patient with underlying
keratoconus that underwent radial and transverse inci-
sions many years prior; after X-linking treatment, the
inferior incisions gaped and had to be sutured. Six months
later, after suture removal, there was a significant
decrease in the amount of astigmatism and coma.

AQ5
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surgery in most patients.20 The cornea is gradually
repopulated by stromal keratocytes during the next 3
to 6 months. According to the first published human
study in progressive keratoconus (23 eyes of 22 pa-
tients), all eyes except one achieved stabilization of
the corneal steepening, and up to 70% had an average
reduction of their steepest keratometric reading of 2.01
diopters 6 months after the surgery; this effect was mir-
rored in an improvement in the refraction and best
spectacle-corrected visual acuityAQ6 .21 The longest fol-
low-up so far has been from this same group of patients
where stability of the results has been reported up to 5
years.22 In a pilot study of 10 patients done in Italy,
the reduction of the mean keratometry value was 2.1
T 0.13 diopters, with improvements in the refraction,
visual acuity, and corneal regularity as well.23 Because
the corneal collagen has a turnover rate of 3 to 7 years,
it might be that the procedure has to be repeated in
some patients. On the other hand, environmental
cross-linking forces (UV light, blood glucose) might
have acted enough in a particular patient to obviate
the need for a repeat UVA/riboflavin cross-linking
treatment.

X-linking was developed as a parasurgical tool to
halt progressive steepening/weakening of keratoconic
and postexcimer surgery ectatic corneas. It also might
have the potential to help in some corneal melting
cases. Further studies in a broader range of patients
will help to nail down the indications of this new and ex-
citing therapeutic modality.

Clinical Pearls During the X-linking Surgery:

Removing the corneal epithelium in intersecting strips
(cross-hatched pattern) markedly speeds up the re-
covery time.

The use of a saturated sponge acts as a reservoir, improv-
ing the penetration of riboflavin into the corneal stro-
ma, and it also prevents spillover and wasting of the
medication.

During UVA application, avoid excessive dehydration of

the conjunctiva by wetting it with balanced salt solu-
tionAQ7 or artificial tears.

Clinical Pearls During the Postoperative Period:

Pain control should be similar to a PRK case, where the
use of GABA analogues such as gabapentin and
pregabalin increase the pain threshold and make the
patient more comfortable.
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Clinical Pearls During the X-linking Surgery

• Removing the corneal epithelium in intersecting
strips (cross-hatched pattern)markedly speeds up the
recovery time.

• The use of a saturated sponge acts as a reservoir,
improving the penetration of riboflavin into the
corneal stroma, and it also prevents spillover and
wasting of the medication.

• During UVA application, avoid excessive dehydra-
tion of the conjunctiva by wetting it with balanced
salt solution or artificial tears.

Clinical Pearls During the Postoperative Period

• Pain control should be similar to a PRK case,
where the use of GABA analogues such as gaba-
pentin and pregabalin increase the pain threshold
and make the patient more comfortable.

• If a patient has transverse incisions, they might have
to be sutured at least for 6 months to avoid gaping
and promote healing with adequate scar tissue.

• Expect a temporary worsening in vision because of
corneal edema during the first month.
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