Femto-pocket CXL: an ex-vivo biomechanical effect
objective evaluation.
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Purpose:

To evaluate feasibility of ex-vivo femto-second laser-assisted intra-lamellar refractive lens extraction
(ReLeX) simulation using a novel technique with an alternative femtosecond-laser and investigate

effects of in-situ cross-linking.

Materials employed in the study

 Human donor corneas (Eye Bank for Sight Restoration, NY),

« Lamellar Cuts: Femtosecond laser (FS200, Alcon/WaveLight),

* In-situ Cross Linking: High-fluence device (KXL, Avedro),

» Keratometry: Scheimpflug imaging (Pentacam, Oculus),

« Pachymetry: Anterior-Segment OCT (AS-OCT, RtVue100, Optovue),
 Biaxial load cell-based analysis: Biotester 5000 (CellScale Testing, Canada).
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Surgical Technique: Two-surface intra-lamellar bed corneal dissections were performed within a 5.5 mm
optical zone. The lenticule was extracted through a 3.5 mm wide superior canal. High-fluence CXL was conducted

in the pocket created.

D: Intra-lamellar button extraction

o

E: Injection of riboflavin within the pocket

A: posterior lamellar bed cut

Treatment Data

Keratoplasty

lamellar posterior

Dia. Bottorn 5.0 mm / Thick. 400 pm
Height Bottorn 260 um

Angle Bottormn 90°

Settings

Pulse Energy Top/Bed Cut ol
Pulse Energy Bottom/Side Cut I
Canal Offset mm
XY Offset mm

Controls

5 mm

Suction 1
Applanation Cone

Q
Eye Contact o

Suction 2

F: Superficial high-fluence UV-A illumination
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“Lenticule” creation simulation with en-block-of similar 50 um

thickness-cylindrical stromal removal, and extraction through a e
2.5mm incision (the superior venting canal) employing the FS200 _
laser. OCT-derived corneal thickness differences, as well as

Scheimpflug imaging-derived topographic differences were

Avial / Sagittal Curvature (Front)

consistent with a myopic change & highlighted the inter-lamellar
CXL effect. Biomechanical Testing Results: Substantial (up to N
+100%) increase in biomechanical strength has been noted when

using sophisticated laboratory biaxial stress measurements.
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After the creation of an intrastromal ‘button’ we tested the changes in corneal strength employing
objective biaxial stress-strain measurements. The orientation of the cornea specimens during the
tensile strength measurements was intentionally random, exactly to address the fact that the shear
modulus should naturally vary along different meridians of the cornea because of the known
anisotropic differences of collagen.

We demonstrate that the effective CXL corneal rigidity increase, as measured in the central 3.5-
mm section, in comparison to the non-CXL corneas that otherwise received the same treatment, was
of the order of +100% at the 10% strain point. The findings in this work provide substantial ex-vivo
evidence that significant corneal strengthening takes place even when UV-A light is projected
through the intact cornel epithelium, Bowman’s membrane and anterior stroma, to reach underlying
riboflavin-soaked stroma in order to conduct CXL. These data offer support to our previous
clinical findings in vivo of intracorneal refractive stability in high-myopic LASIK cases treated
with prophylactic CXL, as well as the compelling refractive effect found in hyperopic LASIK cases
treated with prophylactic in-situ CXL.
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Conclusions
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In-pocket adjunct very high fluence cross-linking in a
Smile-like ex-vivo procedure confirms significantly

Stress (kPa)

enhanced biomechanical properties.
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We demonstrated the above, by introducing a Novel ex-vivo
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laboratory biomechanical model, of refractive lens extraction (Smile)
simulation, with the FS200 femtosecond laser. Although ;
unknown refractive effect would be expected with this technique,
it simulates the biomechanical change of in-situ stromal removal

with and without adjunct CXL.

These data confirm the adjunct role that CXL may play in
modulating biomechanical properties of virgin and/or operated

corneas, such as in high risk LASIK.
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