Long-Term experience of topography customized
intrastromal CXL applications for myopic, hyperopic
and astigmatic refractive changes
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Purpose

To report long-term clinical results of very high fluence, topography customized

intrastromal CXL (PiXL) treatments aiming for myopic/astigmatic,
refractive changes and corneal ectatic disorder stabilization.

CXL differentials within the cornea can have a refractive effect
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Very High Fluence Collagen Cross-
linking as a Refractive Enhancement
of a Reg Previous i i
Keratotomy

Anastasios John Kanellopoulos, MD
ABSTRACT

PURPOSE: To report a novel application of collagen cross-inking
(CXL) in refractive astigmatic. enhancement of previously per-
formed astigmatic keratotomy.

METHODS: A 28-year-old woman with prior history of bioptics
correction of high myopic astigmatism with femtosecond laser-
assisted astigmatio keratotomy followed by topography-guided
LASIK showed long-term regression of the astigmatism 4 years
Iater. A novel CXL application was employed in an attempt 1o re-
verse the regression of the astigmatic keratotomy.

RESULTS: The high fluence CXL intervention resulted in cortec-
tion of 2 diopters of topographic and refractive cyiinder. Uncor-
rected distance visual acuity changed from 20/50 to 20/20 and
refraction from -0.50 -2.00 @ 90 to +0.25 -0.25 @ 90 at the
7-month follow-up.

CONCLUSIONS: A possible novel application of high fluence CXL
with refractive comea effect s introduced. It may offer rapid and
simple rehabilitation and its effect may be tapered.
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ncisional corneal astigmatic keratotomy has been
employed for many years to reduce corneal astig-
matism. Among other parameters, corneal healing
may affect the intervention efficacy. We have observed
significant regression from the initial effect in astig-
matic . including f laser-assis

ed astigmatic keratotomy (unpublished data). |4} y e In

‘CASE REPORT
28-year-old woman had undergone femtosecond
laser-assisted 1 tigmatic keratotomy 4_years
previously follo i
procedure 3 m
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was -8.00 sphere and -6.00 cylinder at 95°, and similar
treatment was performed in her left eye. Her preopera-
tive corneal thickness of 530 pm did not permit full
correction through a LASIK procedure because that
would leave residual stroma less than 300 um, which
is the cut-off in our practice.

Postoperative uncorrected visual acuity was 20/20,
with refraction +0.25 -0.50 @ 90. She was lost to fol-
low-up for 3 years but was then evaluated before cro
linking treatment for her postoperative care, complain-
ing of reduction in her uncorrected visual acuity in the
right eye from 20/20 to 20/50. Her refraction revealed
-1/-2 diopters at 95°AQ1 and her corneal topographic
measurement showed evidence of astigmatic keratot-
omy regression with 2 more diopters of with-the-rule
astigmatism in the left eye on topography (Figure 1),

We offered the patient the possibility of revising
the astigmatic keratotomy incisions and performing
high-fluence comeal collagen cross-linking (CXL) to
enhance the astigmatic keratotomy effect without fur-
ther corneal thinning and/or astigmatic keratotomy
cision extension. We reopened the astigmatic keratot-
omy incisions with a blunt Sinskey hook and infused
the riboflavin 0.3% solution (Vibex XtraAQ2; Avedro,
Waltham, MA) within the incision gutters. We allowed
the solution to soak within both reopened astigmatic
incisions for 60 seconds, then removed all of the
sidual riboflavin from the corneal surface and the con-
junctiva with a dry Weck-cell sponge. We then applied
high-fluence CXL 45 mW/cm? with the KXL device
(Avedro) for 2.5 minutes, for total ultraviolet energy
delivered of 7 Joules.

We evaluated the patient 1 day, 1 week, and 1,
and 7 months postoperatively. Figure 1 demonstrat
the correction of most of the regressed cylinder by 2

diopters
ate

We previously reported on high-fluence CXL'? and
along with othWginvestigators have alluded to its po-
tent

have'
ence tor
fect.” We theorize that in the case reported herein the
refractive effoct ie achioved bv this exact CXL meor

terior segment optical coher-
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Myopic Treatment

Myopic profile central 4mm OZ
transepithelial

4min Paracel+6min Vibex Xtra

Astigmatic (toric) treatment
Applied along the flat axis*

Time 10 minutes : 22 seconds
Energy 14.0 J/cm®

Time 2 minutes : 58 seconds
Energy 4.0 J/cm®
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Methods

One-year refractive and keratometric (Sim-K) results from 57 cases (29 OS, 28 OD) are
reported. The PiXL procedure employed the KXLII (Avedro Inc, Waltham, MA). 32
cases were transepithelial, epi-on, while epi-off were 25. Epi-on involved two-stage
riboflavin solution administration. Epi-off involved excimer laser debridement.

Myopic/Astigmatic corrections were 10 cases, while hyperopic corrections were 10 cases.
Myopic corrections involved a centrally applied UVA illumination, astigmatic
corrections a bow-tie pattern, hyperopic corrections an annular-shape (donut-shape).

Ectatic disorders were addressed in 37 cases. A customized compound UVA pattern over
the steepest cornea, combined with circular pattern over a 7-mm zone was applied.
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Results

Of the 10 myopic cases, one-year stability (reduced sim-K) was noted in all 5 epi-off and in 1 epi-on
case; the remaining did not to achieve measureable/stable differences.

Of the 10 hyperopic cases, one-year stability (increased sim-K) was noted in all 5 epi-off and in 3 epi-
on case; the remaining did not achieve measureable and stable differences.

Of the 37 ectatic cases (15 epi-off, 22 epi-on), one-year stability (reduced sim-K) was noted in 6 epi-
off and 7 epi-on cases; instability (fluctuating K) in 3 epi-off and 4 epi-on cases, and not
measureable differences in 16 epi-on and 2 epi-off cases.
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Conclusions

« Photorefractive intrastromal customized delivery of UV-A offers a multitude of
possibilities in modulating corneal topometric differentials.

* The novel technique based on refractive CXL application appears safe and

effective in significant myopic corrective changes without the need of corneal
stroma tissue removal.

« Alternative refractive correction technique. In the interim follow-up time
evaluated, these cases showed an impressive and stable reduction in their
myopia/ hyperopia and astigmatism.

« This pilot study may become a landmark study in a revolutionary new refractive
and prespbyopic procedure.
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