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Contact Lens-Assisted
CXL for Thin Corneas

This technique allows CXL to be performed on a larger number of patients.

BY SOOSAN JACOB, MS, FRCS, DNB

orneal collagen cross-linking (CXL; not
approved in the United States), as intro-
duced by Theo Seiler et al, has become
the procedure of choice for arresting a
progressing cone. CXL increases the number of
cross-links between the corneal collagen fibrils,
thereby increasing the rigidity and strength of the
cornea. The application of ultraviolet A (UVA)
light at 370 nm in the presence of a photosensi-
tizer (topical riboflavin) leads to the production
of oxygen free radicals. These free radicals induce
collagen cross-links, which, in turn, create more
compact inter- and intrahelical connections. CXL
also flattens the cone to varying degrees, and it
decreases these patients’ higher-order aberrations.
Riboflavin has an additional protective role in
CXL: it helps to increase the absorption coeffi-
cient. With an irradiance of 3 mW/cm? of UVA (at
the corneal surface) and 0.1% riboflavin, 95% of
UVA light is absorbed within the cornea, reducing
final irradiance at the endothelial level to
0.18 mW/cm? At a depth of 300 pum, irradiance is
0.37 mW/cm?, so 400 um of riboflavin-saturated
stroma above the endothelium is considered safe.

THE PROCEDURE

A significant number of patients have a mini-
mum stromal thickness of less than 400 um
after epithelial removal, a contraindication to conven-
tional CXL. For such patients, | am using a procedure
that | call “contact lens-assisted CXL” or CACXL. It uses
a riboflavin-soaked (UV-barrier-free) soft contact lens
of negligible power to attenuate UV irradiance to safe
amounts at the level of the endothelium.

CACXL artificially increases the thickness of the UV
absorption medium anterior to the endothelium by
means of the riboflavin-soaked contact lens and the min-
imal precorneal riboflavin film present under the contact
lens. In so doing, the approach allows cross-linking to be
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Figure 1. Two different contact lenses are tested for UV transmit-
tance (A). The UVA light source is tested with a digital UV meter (B). It
shows a low reading for a contact lens with a built-in UV blocker (C).
The digital UV meter shows good transmission of UV light through the
UV-barrier-free soft contact lens (D).

performed on patients with thinner (> 350 pm in our
experience so far vs > 400 um) corneas after epithelial
removal, thus broadening the pool of candidates.

TIPS AND TRICKS

In CACXL, the contact lens must not have a built-in
UV barrier. It is a simple matter to check the product
literature and the UV transmittance using a digital UV
meter (Figure 1). The soft contact lens that | use is the
UV-barrier-free Soflens daily disposable (Bausch + Lomb)
made of hilafilcon B.



Figure 2. An epi-off protocol is followed; the cornea and the contact lens are saturated with 0.1%
riboflavin every 3 minutes for 30 minutes, at the end of which the riboflavin-soaked contact lens
(also for half an hour) is applied to the cornea. The minimum pachymetry reading of stroma and
contact lens together should now be above 400 um. The riboflavin solution is instilled under the
contact lens (precorneal riboflavin film) and over the contact lens (precontact lens riboflavin film)
(A). Any troughs on the contact lens are smoothed out by a precontact lens riboflavin film (B). The
cornea is exposed to 370 nm of UVA light for 30 minutes. A uniform anterior surface is seen with a

handheld slit lamp (C).

Figure 3. A trough seen intraoperatively with a handheld slit lamp (A). Riboflavin 0.1% applied

to the anterior surface of the contact lens fills the trough (B). A uniform anterior surface is seen. A
uniform riboflavin-containing layer is thus formed by the precorneal riboflavin film, the riboflavin
saturated contact lens, and the precontact lens riboflavin film (C).

CACXL may be performed as an epithelium-on or
epithelium-off technique, although the latter is my prefer-
ence. The soft contact lens is soaked in the riboflavin solu-
tion for 30 minutes, the same as for the de-epithelialized
cornea. The contact lens is then applied to the eye, and a
precontact lens film is maintained over the contact lens
(as in conventional CXL). The precorneal and precontact
lens films are reapplied once every 3 minutes during treat-
ment. UVA light with a wavelength of 370 nm is then
applied for 30 minutes, after which the contact lens is
removed, a balanced salt solution wash is performed, and
a new contact lens is applied and remains in place until
the epithelium has healed (Figure 2). Accelerated cross-
linking is also possible using this technique.

ADVANTAGES

CACXL follows Lambert’s law. That is, each unit layer of a
solution absorbs an equal fraction of light passing through
it. The precontact lens riboflavin film maintains a riboflavin
film above the attained 400 um, which is in keeping with
published works by Wollensak and colleagues, who con-
sider the cornea and a precorneal riboflavin film together
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as a composite two-
compartment system
for CXL." In Wollensak's
system, the riboflavin
film is an integral part of
the cross-linking proce-
dure, and it is important
in achieving the correct
stromal and endothelial
UVA irradiance.

Another advantage of
CACXL is that it is not
dependent on the swell-
ing properties of the cor-
nea, as in hypo-osmolar
cross-linking, and it
produces a more stable
riboflavin film. Anatomic
and visual results have
been encouraging in my
early cases.

CONCLUSION

It is important to
maintain a uniform
thickness of the contact
lens-riboflavin films dur-
ing the treatment. If the
contact lens buckles
when placed on the
eye, it may create an uneven precorneal riboflavin film and
consequently lead to hot or cold spots. This problem is
more common with a decentered lens or in an uncoopera-
tive patient who moves his or her eye excessively or who
squeezes his or her eyelids against a compressible speculum.
In such cases, the riboflavin films should be replenished as
required and the lens recentered. Applying a consistent
precontact lens layer also helps, as the posterior portion of
this film fills the troughs on the surface of the contact lens
and makes the thickness unvarying, whereas the anterior
portion creates the composite two-compartment system, as
required by Wollensak and colleagues (Figure 3). B
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