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An update on treatment for keratoconus and other corneal ectatic conditions.

BY WILLIAM B. TRATTLER, MD

Despite its lack of FDA approval, corneal
collagen cross-linking (CXL) continues

to be a first-line treatment for patients

in the United States with keratoconus,
post-LASIK ectasia, and pellucid mar-

ginal degeneration. Thankfully, numerous
clinical trials are available in virtually every
state for patients diagnosed with ectatic
corneal conditions. CXL has proven to be effective at stop-
ping the progression of keratoconus and other ectatic
corneal conditions, and it also enhances quality of vision
and corneal shape, with improvement continuing for years
after the procedure. Research is ongoing, however, regard-
ing optimal treatment parameters as well as whether CXL
should be performed initially as a stand-alone procedure
or in combination with surgical modalities such as Intacs
(Addition Technology), topography-guided PRK, and con-
ductive keratoplasty.

LONG-TERM RESULTS

A recent study examining the long-term results (10 years)
of epithelium-off (epi-off) CXL confirmed that the improve-
ments in corneal shape and vision seen during the first few
years after the procedure continue over a decade.! Not only
did patients’ ectasia stabilize, but their corneal shape and
BCVA also improved. This study gives clinicians the confi-
dence to tell patients that a single CXL treatment will, in
most cases, result in long-term improvement.

Although the initial treatment parameters of a decade
ago were effective, numerous innovations have further
improved the results of CXL. For example, surgeons now
understand that, although treatment can be centered on
the middle of the corneal apex in keratoconic eyes, results
are better in eyes with peripheral corneal weakness from
pellucid marginal degeneration (PMD) when the ultra-
violet (UV) light is centered over the thinner part of the
cornea located inferiorly. The one concern with peripheral
UV light treatments was the risk of damage to conjunc-
tival goblet cells. A recent paper by Dr. Hafezi, however,
has confirmed that the conjunctiva is not damaged by UV
light during CXL.2
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DATA AND DEBATE

Epi-off CXL is currently being studied by Avedro with
hopes of FDA approval either in the near term or within a few
years. First developed in 1998 by Theo Seiler, MD, PhD, the
procedure was initially designed as a 30-minute treatment.
Recent research has suggested, however, that exposure times
can be shortened when the UV light energy is proportionally
increased.> Many clinical trials, including a phase 3 multicenter
randomized trial sponsored by The American-European
Congress of Ophthalmic Surgery and Avedro, are evaluating
whether the results of higher-energy UV light treatment of
shorter duration are the same, better, or worse than those of
the traditional 3-mW treatment for 30 minutes. More data
should become available during the next year to help clinicians
optimize treatment parameters.

Whether epithelium-on (epi-on, also known as trans-
epithelial CXL) can be as effective as epi-off has been the
subject of controversy. A number of studies have compared
the two approaches with mixed outcomes. Some have dem-
onstrated reduced efficacy with epi-on, whereas others have

Figure 1. A corneal protector sponge is soaked with
riboflavin to help with riboflavin loading during epi-on CXL.



Figure 2. A slit-lamp view confirms sufficient riboflavin in
the cornea to proceed with UV light therapy for epi-on CXL.
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Figure 3. A 35-year-old woman underwent epi-on CXL in
2012. Twenty-six months later, the cornea had flattened
significantly.

found an equal effect.**> Because each study used different
formulations of riboflavin and methods, differences in effi-
cacy could be related to the methods rather than to epi-on
treatment as a whole. Some keys to improving the efficacy
of epi-on therapy are using a riboflavin formula without dex-
tran, placing a corneal protector sponge to maximize ribofla-
vin exposure (Figure 1), and evaluating the cornea at the slit
lamp to confirm that sufficient riboflavin is present prior to
initiating UV light treatment (Figure 2).

For the past 5 years, the prospective, nonrandomized,
multicenter CXL-USA study has enrolled patients with
keratoconus, PMD, post-LASIK ectasia, post-RK fluctuations
in vision, and Terrien marginal degeneration. In this study,
epi-on has proven to be effective, with less than 1% of eyes
needing a second treatment.® In addition, patients have
often experienced an improvement in corneal shape and
in UCVA and/or BCVA, which can continue for many years
(Figure 3).5



ADDITIONAL TREATMENT

After CXL, patients have a variety of choices. Most
choose to continue using their current methods of vision
correction, either glasses or contact lenses. Many wearing
contact lenses switch to scleral designs, which can provide
excellent visual acuity and are very friendly to the ocular
surface. A small percentage of patients may choose to
undergo additional surgery such as topography-guided
PRK (available outside the United States) or the place-
ment of Intacs. These procedures can be performed from
6 months to many years after CXL.

An area of intensive research concerns whether combin-
ing CXL with other surgical procedures is a more effective
approach than performing CXL alone. Outside the United
States, a popular combination is topography-guided PRK
with CXL, and the results have been very good.” Another
possible pairing is Intacs with CXL.8 Performing CXL 1 day
after conductive keratoplasty appears to hold promise
(S. Shetty, MD, and R. Rubinfeld, MD, unpublished data,
2015). Although these combined procedures may quicken
improvement in corneal shape and visual acuity compared
to CXL alone, they potentially carry a higher level of risk,
because multiple procedures are being performed.

FUTURE DIRECTIONS

The future of CXL is promising, with the hope of FDA
approval in the near term. Innovations continue, includ-
ing adjustments to the time and energy parameters of
UV light exposure, optimization of the location where
light is delivered to the cornea, and combinations of
CXL with other procedures. m
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