Abstract - Using corneal stromal lenticules obtained during ReLEx SMILE refractive
surgery for the treatment of corneal ulcers

Background: Corneal stromal lenticule (CSL) is a part of the corneal stroma that is generated
as a waste product during the refractive surgery ReLEx SMILE (Small Incision Lenticule
Extraction) and is no longer used. With the increasing number of ReLEx SMILE procedures
and the number of potentially usable CSLs, two main aspects of their use are currently being
investigated. The first aspect includes the biological properties of CSLs and their proper
preservation with respect to long-term storage. The second aspect is related to the potential
clinical use of CSLs. As a high-quality biomaterial, CSL has significant potential for alternative
use in the treatment of some eye diseases. Especially the treatment of corneal ulcers is currently
difficult due to the relative unavailability of donor corneas preserved by the hypothermia
technique or in tissue media. The possibility of using deep-frozen CSLs could significantly help
in these cases. Concurrently it can be assumed that these CSLs can be preserved for a long time
by cryopreservation, which would make these tissues immediately available.

Purpose: The aim of our work was to evaluate and verify the method of cryopreservation of
CSL, to determine its effect on tissue properties in experimental conditions according to the
protocol and contitions of the Eye Tissue Bank of the University Hospital Kralovské Vinohrady
(FNKYV). Another aim was to introduce CSL transplantation into clinical practise, to evaluate
the safety and effectiveness of the use of CSL in the treatment of corneal ulcers or small
perforations.

Methods: A total of 24 CSLs from living donors, divided into three groups of 8 lenticules
according to the freezing and thawing method, were used in the experiment. We chose 3 types
of cryopreservation protocols to evaluate the best method to preserve collagen fiber structure,
which is most important for the use of CSL. All samples from each group were then subjected
to histological analysis.

The clinical study included 12 eyes of 12 patients with different degree of corneal ulcer. In 11
eyes (92 %), the transplantation was combined with amniotic membrane (AM) transplantation.
The monitoring included the corrected distance visual acuity (CDVA), slit-lamp biomicroscopy
examination, Seidel test, stability of the graft and anterior segment optical coherence
tomography (AS-OCT) inspection. Intraoperative and postoperative complications were
monitored for at least 6 months.

Results: We confirmed that cryopreservation preserves tissue transparency and the basic
architecture of stromal collagen. The cryopreservation protocol of rapid freezing and rapid
thawing came out the best, however, the differences in the individual protocols were without
clinical significance and the difference in tissue properties for potential therapeutic use.

In the patient group 7/12 (58 %) eyes, the corneal ulcer was successfully sealed with CSL and
amniotic membrane (AM) transplantation without need for any additional surgical intervention.
In 3 eyes, penetrating keratoplasty (PK) was needed in addition to CSL transplantation and in
2 eyes the scleral patch was used to be fully sealed. During the follow-up period no signs of
immune reaction or infection were detected in any patient.

Conclusion: The use of CSLs from ReLEx SMILE may be considered as an alternative method
for the treatment of corneal ulcers or small perforations where standard treatment has failed or
there has been an insufficient response. At the same time, it is an effective use of a waste
product. Our preliminary findings suggest that properly indicated and performed CSL
transplantation using cryopreserved CSL is a safe and effective method. Moreover, this type of
additive keratoplasty could expand the availability of corneal tissue worldwide.



