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The premise: Small Incision Lenticule Extraction (SMILE)



A Reversible procedure

«The potential option of stromal lenticule storage after 
ReLEx offers patients the unique opportunity  of bank 
their tissue in case of future need, or to  donate their 
tissues to others in need».

Extracted lenticule can be 
reimplanted

Animal model

The stromal lenticule extracted following ReLEx 
maintain keratocyte viability and overall collagen 

structural integrity in pre- and post- cryopreserved 
tissue samples.

2012

Removed tissue is still vital

LASIK RELEX



2020

Cell tissue bank - 2021

2022 Cell tissue bank - 2020

Lenticule banking?
A reversible procedure:

REMOVED TISSUE IS STILL VITAL

The stromal lenticule extracted 
following ReLEx maintain 

keratocyte viability and overall 
collagen structural integrity in 
pre- and post- cryopreserved 

tissue samples.

«The potential option of STROMAL LENTICULE STORAGE AFTER RELEX/SMILE offers patients the unique 
opportunity  of bank their tissue in case of future need, or to  donate their tissues to others in need».

LASIK SMILE



2018

Ahmed valve tube exposure

Bullous keratopathy

Stromal lenticules as tectonic patch grafts

2020

Lenticules from MYOPIC SMILE refractive procedures can be used for
Therapeutical purposes 



Stromal Lenticule Addition 
Keratoplasty with MYOPIC SMILE 
lenticule to re-shape stromal loss
in post-HSV stromal scar 

Stromal lenticules - addition in corneal diseases



Patch graft in glaucoma drainage
implant surgery

Wang Y et al. Medicine 2019-2020



Refractive error correction with lenticule implantation

Intrastromal positive meniscus 
lenticule implantation Increase of anterior corneal curvature

Shape of positive meniscus lenticule 
from myopic SMILE



Correction of positive 
ametropia

Aphakia (first case)
• Pradhan KR, 2013
• Studer HP, 2015

Hyperopia
• Ganesh S, 2014
• Sun L, 2015
• Liu, 2015
• Damgaard, 2017
• Williams GP, 2018
• Moshirfar, 2018
• Zhang, 2021
• Brar, 2022
• Liu, 2022

Presbyopia
• Presbyiopic monovision -

• Lim CH, 2013

• PEARL – Jacob, 2017

• Liu, 2018

Astigmatism
• Damgaard, 2019

• Stodulka, 2020



2021

The hyperopic eye with astigmatism was first 
treated with SMILE to correct astigmatism; then 
a lenticule was extracted from a donor myopic 

eye and subsequently implanted

2022

«The mean spherical equivalent reduced significantly from 
+5.50 ± 1.96 to +0.66 ± 1.17 diopters»

Implantation in human: HYPEROPIA

2022

2022



Front in Med 2024



Convex shaped lenticule (small diameter) hyper-prolate 
corneal shape, reduced corneal asphericity

Central Corneal power change and 
aberration induction

Correction of PRESBYOPIA

2018

2017



Corneal Re-shaping in ectasia



Km Flattening SE Change CCT
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Central/ 
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+
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2021



Lenticule addition keratoplasty for the treatment of keratoconus: A 
systematic review and critical considerations
Liu, Yanling et al. IJO 2024

Lenticule implantation for keratoconus: 

emerging trend



CRST 2019

Mastropasqua L, Nubile M.
Int Ophthalmol 2016 



Mastropasqua L, Nubile M et al. J Refract Surg. 2018 

SLAK
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SLAK: 
Mild wound healing 
reaction, 
stable interface 
reflectivity, absence 
of immune stromal 
rejection



Total thickness

Anterior curvature

2021

Intrastromal lenticules implantation in 

SLAK promotes corneal reshaping, 

characterized by central flattening and 

both stromal thickening and epithelial 

thickness restoration.

Stromal thicknessEpithelial thickness



SLAK in Post-SMILE Ectasia
Clinical example cases: Pre Operative 

Bozzi, Roberta
P0990133190

Data di nascita: 17/09/1996

Mappatura Corneale AS-OCT
24/10/ 2022 11:23



SLAK in post-SMILE ectasia: clinical case (6 months post)
6 months post SLAK  SE -6
UCVA 20/63
BCVA 20/32

✓ Significant reduction of central corneal 
curvature and elevation 

✓ Improvement of residual SE and 
UCVA/BCVA

✓ Significant improvement of CCT

Post-SMILE ectasia: Restoring thickness by re-implanting a positive meniscus lenticule similar to the one removed at the time of surgery



SLAK in post-SMILE ectasia: clinical case (post)

Differential map anterior curvature Differential map epithelial thickness Differential map stromal thickness



SLAK in KK
 5 years 

follow-up

BCVA pre-surgery: 20/50  
sph -1,75 cyl -3,75 ax 105°

BCVA post-surgery: 20/20  
sph -0,50 cyl -1,50 ax 95°



2024
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Bioengineering of human stromal lenticules: 

the new frontier



hCLs engineered with rhNGF-microparticles (rhNGF-MPs)

Mastropasqua L and Nubile M et al, Frontiers in Bioeng and Biotech 2022



hCLs engineered with rhNGF-microparticles (rhNGF-MPs)

LENTICULE SURFACES FLUO-MPs MERGE

3D Above View3D Frontal View3D Trasversal View
Collagen I – Red

Fluo rhNGF-MPs - Green

Mastropasqua L and Nubile M et al, Frontiers in Bioeng and Biotech 2022

hCL upper surface

hCL lower surface

hCLs inner layers

120 µm ± 10 µm 
thickness



hCLs engineered with rhNGF-microparticles (rhNGF-MPs)

Mastropasqua L and Nubile M et al, Frontiers in Bioeng and Biotech 2022
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In vitro kinetic release of rhNGF from engineered 

decellularized hCLs

rhNGF-PLGA Microparticles

PC-12 Cells 

(4 hours)

In vitro biological activity of rhNGF released 

from engineered decellularized hCLs



RESULTS IN VIVO (I)

In vivo implantation of rhNGF-MPs bioengineered hCLs

Decellularized hCLs bioengineered with 

blank-MPs or rhNGF-MPs
In vivo implantation of hCLs bioengineered 

with blank-MPs or rhNGF-MPs

Implantation into 

the rabbit's eye

0.1%SDS-treated 

hCLs were put 

in blank-MPs or 

rhNGF-MPs 

suspension

(5 mg MPs in 0.175 

mL 0.9% NaCl)

Unpublished data

Clinical biocompatibility of using SMILE-derived decellularized hCLs

bioengineered with rhNGF-MPs as a non immunogenic ocular delivery system



RESULTS IN VIVO (II)

Central Corneal Thickness – Anterior Segment Opthical Coherence Tomography (ASOCT)  

Unpublished data



RESULTS IN VIVO (III)

Corneal Nerve Regeneration – In Vivo Confocal Microscopy (IVCM)  

Unpublished data



Domitilla Mandatori, Rodolfo Matropasqua, M. Nubile

hCL AS OCULAR DRUG DELIVERY

hCL recellularized with human Amniotic Fluid Stem Cells (hAFSCs)hCL bio-engineered with rhNGF-MPs and hAFSCs

Unpublished data



EX VIVO MACULAR HOLE MODEL

Implanted hCL stained with eosin on 
macular hole damaged porcine eye

Unpublished data

Domitilla Mandatori, Rodolfo Matropasqua, M. Nubile



Possible therapeutic applications

RhNGF microparticles embedded in decellularized lenticules is an efficient method to 
achieve greater concentrations of drug substances, for an extended period of time, in 

diseased corneas, paving the way for combined surgical and medical therapy

Hypothetically, every kind of eye drug substances can be included in such lenticules, 
not only for corneal therapy, but also for other ocular diseases

SMILE derived lenticules (from over 6 milion refractive procedures, as in 2022) can 
drastically improve the shortage of transplantable corneal tissues and can be stored in 

eye banks

A crucial point is proper tissue preservation, and cryopreservation represents a valid 
method for long term storage that maintains lenticule vitality

Creation of a lenticule bank to collect, catalog, process, cryopreserve and distribute the 
lenticules could be advantageous, safe and feasible
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