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Overall (estimated) number of refractive procedures worldwide

Laser Vision Correction 

 >60 millions (2024)

Phakic IOLs
(2023)

LASIK 

in EU

2004-

2020

≈ 60%

LASIK ≈ 35 millions

PRK ≈ 15 millions

SMIL

E
≈ 10 millions



Overall (estimated) number of refractive publications worldwide

• LASIK: ≈ 8000

• PRK: ≈ 5000

• SMILE: ≈ 1000

LVC 

≈ 14000

PIOL/
ICL

≈ 4000

ALL TIME

• LASIK: ≈ 1300

• PRK: ≈ 600

• SMILE: ≈ 600

LVC

≈ 2500

PIOL/
ICL

≈ 2000

LAST 5 YRS

Outcomes substantially equivalent

100

ICL



Laser or Lens?

In conclusion, up to date several studies investigated one technique superiorities 

to the other technique. However, as mentioned in this article, LASIK, SMILE, and 

phakic IOLs have their own utilization, advantages, disadvantages, and 

complications. Therefore, a proper presurgical evaluation is necessary to 

determine the best refractive surgery technique for each patient individually.

Definitive vs reversible technique?
Closed vs open eye technique?
Low vs high refractive error?
Gold standard technique or likewise effective?
Cheaper or more expensive?



Range of refractive error per indications

Refractive technique of choice efficacy

Suboptimal   

performance

Suboptimal   

performance
Optimal   

performance

Optimal   

performanceOutperformed Outperformed

Efficacy range for each refractive technique

Contraindica琀椀ons Indica琀椀ons

Age

Expecta琀椀ons

Refrac琀椀ve error

Ocular parameters

depends on

Moderate

Myopia 

Techniques

High

Myopia 

Techniques

Example

«Contested» zone in which more or 

less all refractive techniques perform 

equally well (laser & PIOL)

 Pupil mesopic diameter
 Corneal curvature
 Residual stromal bed
 ACD & ECD



Photorefractive Keratectomy (PRK) and surface ablation techniques

 Correction of myopia up to -6,00 sph 
 Correction of hyperopia up to +3,00 sph
 Correction of astigmatism up to ±3,00 D

in relation to corneal 

parameters, pupil 

parameters, RSB 

(400 µm) and age

PRK Complications



(Femto)Laser In situ Keratomileusis (F-LASIK)

 Correction of myopia up to -8,00 sph 
 Correction of hyperopia up to +4,00 sph
 Correction of astigmatism up to ±4,00 D

2022

in relation to corneal 

parameters, pupil parameters, 

RSB (270-300 µm) and age



Laser correction of presbyopia: Presbyond

HOA



Small Incision Lenticule Extraction (SMILE)

/275 µm

HYPEROPIA NOW AVAILABLE



MAIN ADVANTAGES OF INTRASTROMAL SMILE SURGERY

• PRESERVE THE CORNEA TENSILE STRENGTH:

• Reduced risk of ectasia

• Be琀琀er stability over 琀椀me – no regression

• Resistance to trauma

• Wider range of thickness (low thickness)

• All range of myopia

• AVOID FLAP COMPLICATIONS

• PRESERVE THE CORNEAL SUPERFICIAL NERVE PLEXUS:

• Reduced risk of severe Dry-Eye

• DECREASED HOA VS LASIK 

• Be琀琀er quality of vision

• LONG TERM STABILITY

SMILE EVOLUTION: SMILE Pro
• Reduced intraopera琀椀ve complica琀椀ons (suc琀椀on 

loss)

• Faster procedure (10 sec) 



SMILE LASIK

LESS DRY EYE



Central corneal sub-basal nerve density
Pre

LASIK

FLEX

SMILE

1 week 1 month 3 months 6 months



Dry eye in refrac琀椀ve surgery: what evidences?



Regression 

might have 

been the result 

of long- term 

growth of the 

axial length 

(AL)

Results 5 years postopera琀椀vely, 

no signi昀椀cant change to the 

6-month data was found. 
Spherical equivalent was −0.375 D 

and therefore close to target 

refrac琀椀on (emmetropia).

BJO 2016

The long-term visual outcome remained stable after 
SMILE, but with an average regression of -0.34 D over 7 
years. A minor group with high myopic correction 
exhibited considerable refractive regression years after 
SMILE. Damgard IB et al[J Refract Surg. 

2021;37(10):654-661.].

LONG TERM STABILITY



Mastropasqua L, Nubile M  et al. 2016 Exp Eye Res

Induced inflammation and apoptosis is 
indipendent from refractive correction

The cellular wound healing response a昀琀er high myopia 

treatment are likely determinants of the clinical di昀昀erences 

in refrac琀椀ve outcome and regression Mohan RR, et al.  Exp Eye Res. 2003

IOVS 2004

Excimer vs FS Laser stromal wound healing

LESS REGRESSION



CAP 

thickness

Interface

RSB

SMILE morphometrical outcomes explain 

the BETTER BIOMECHANICS in high myopia

Residual stromal bed in

SMILE starts from the Bowman’s

(Similar to PRK)

Differently than LASIK

SMILE
LASIK

Mastropasqua L, Nubile 

M, Lanzini M, 2015



K1 & K2 post op 35 – 48 



- 11 studies from 102 Ar琀椀cles - 12 studies from 52 Ar琀椀cles

• MODERATE MYOPIA: -300 to -6.00 D (n=40)

• HIGH MYOPIA: -6.00 to -9.00 D (n=40)

SMILE: Posterior Eleva琀椀on at 5 years

Zhao Y, Lin X, Chen Z, Zhou X. Five-year stability of posterior corneal surface 

a昀琀er small incision len琀椀cule extrac琀椀on for high myopia. BMC Ophthalmol. 

2022

SMILE causes NO PROTRUSION in posterior corneal surface for 

correction of high myopia at the follow-up visit of 5 years.



SMILE in low myopia: myth or reality?

SMILE for low myopia was found 

to be safe and effective with 

outcomes similar to those 

obtained with ASA while offering a 

quicker visual recovery.



Hyperopic SMILE: what do we know?
• Only 2 studies (1 FLEx & 1 SMILE)

• Comparable accuracy vs LASIK

• Comparable refractive target post 

surgery vs LASIK

• Comparable safety vs LASIK

Challenge of 
Hyperopic SMILE 

• Centra琀椀on is crucial

• Large Op琀椀cal Zone required  

• Larger volume of 琀椀ssue removed (vs. 

myopia)

• Hyperopic as琀椀gma琀椀sm even more 

challenging (cyclotorsion compensa琀椀on)



New Technologies in SMILE surgery: SMILE Pro
Latest innovation in Femtolaser surgery: 

Visumax 800 ® (Carl Zeiss, Germany)

Extremely reduced laser sculpting times (only 10 seconds to carve a SMILE lenticule) 

thanks to a 2 MHz laser impulse repetition rate = reduction of intraoperative suction 

loss



New Technologies in SMILE surgery: SMILE Pro
Improved control systems for ciclotorsion and centration 

CentraLign ® centration aid 
• Easy vertex centration
• Vertex position entered in treatment planning
• Centration before docking

OcuLign ® cyclotorsion adjustment
• Using IOLMaster 700 iris image
• Electronic alignment of the treatment pattern

FORUM / RWP

• Pupil edge (do琀琀ed blue circle)

• Pupil center (blue dot)

• Centra琀椀on target (yellow dot)

• Centra琀椀on guide (yellow line)



Hyperopic SMILE: the future is now!

Lenticule diameter 6,3 mm + transition zone 2 

mm

CE Mark 2024

Available on both 

VisuMax 

Platforms



JRS 2022

Main issues: learning curve, interface, centra琀椀on 

- 374 eyes of 199 patients 

- Mean +3.20 ± 1.48 D (range: +0.25 to +6.50 D): 

81% of eyes treated were within ±0.50 D and 93% 

of eyes were within ±1.00

- safety index of 1.005 at 12 months

- no statistically significant changes in contrast 

sensitivity.

- High level of efficacy, predictability, safety, and 

stability.

 Hyperopia and/or hyperopic as琀椀gma琀椀sm 

 With no previous corneal surgery

 Hyperopic sphere ≤ 6D, cylinder ≤ 5D

 Correc琀椀on up to 7D (on the most hyperopic 

meridian) with postop Kmax. 51D maximum

 Preop. BCVA ≥ 0,8

INCLUSION CRITERIA

At this stage, key advantages over LASIK: 

• Be琀琀er quality of vision (decentra琀椀on tolerance and 

larger OZ

• Faster recovery  

• One incision vs. one 昀氀ap (hemorrhage, easier 

interface management



Surgical 
Challenge

• Large docking on small eye

• Risk of suc琀椀on loss

• Chemosis on incision

• Incision placing and crea琀椀on

• Temporal (+ 2° for security )

• Narrow margin of dissec琀椀on between 2 
plans (0.2 mm) 

• Large len琀椀cule thinner at center

• Delicate dissec琀椀on: from periphery to 
center  

• Forceps to maintain the eye recommended 

• Instrument longer and angulated

Courtesy of Béatrice COCHENER – LAMARD 

MD- PHD



Pentacam OS 

Pre

Courtesy of Béatrice COCHENER – LAMARD 

MD- PHD

Pentacam OS 

1 Month



HYPEROPIC SMILE +4.25 + 1 Ax 20

Tomography and ASOCT 

1 day a昀琀er Hyperopic 

SMILE

Hyperopic len琀椀cule pro昀椀le



HYPEROPIC SMILE +4.50 + 0.50 Ax 140

Tomography and ASOCT 

1 day a昀琀er Hyperopic 

SMILE

Hyperopic len琀椀cule pro昀椀le



2019

2020

Lenticule manipulation: ASTIGMATISM



KLEx 

complications 

overview



A review of small incision len琀椀cule extrac琀椀on complica琀椀ons. R.R. Krueger and C.S. Meister. Curr Opin Ophthalmol. 2018.

Categorical Chart



Len琀椀cule remnant a昀琀er 

extrac琀椀on3

Di昀케cult len琀椀cule extrac琀椀on in most 

cases is related to wrong 

inden琀椀昀椀ca琀椀on of the 昀椀rst 

(ANTERIOR) cleavage plane.

It can led to excessive manipula琀椀on 

and eventually remnants a昀琀er 

len琀椀cule extrac琀椀on and resultant 
irregular astigmatism.

1. Learning Curve of Small Incision Len琀椀cule Extrac琀椀on: Challenges and Complica琀椀ons. Jeewan S. Ti琀椀yal; Manpreet Kaur; Anubha Rathi; Ruchita 

Falera; Manthan Chaniyara; Namrata Sharma. Cornea 2017

2. A review of small incision len琀椀cule extrac琀椀on complica琀椀ons. Ronald R. Krueger and Caio S. Meister. Curr Opin Ophthalmol. 2018.

3. Secondary len琀椀cule remnant removal a昀琀er SMILE. Alex LK, Kwok PSK, Chan TCY.  J Cataract Refract Surg 2017

A. Posterior stromal damage 

B. Par琀椀ally retained len琀椀cule fragments

C. Completely retained intrastromal len琀椀cule1

LENTICULE DIFFICULT EXTRACTION Incidence: 1.9% 1- 2.7%2.

Topography-guided custom ablation may be 
an effective treatment modality in such cases; 
however, post- operative haze may be a 
problem1

WHAT TO DO?







Is corneal refractive surgery the only possibility?

NO!

 Corneal abnormali琀椀es, tear 昀椀lm

 Normal cornea but inadequate for speci昀椀c refrac琀椀ve error

 Refrac琀椀ve error inadequate for corneal surgery

 Aberrometry and quality of vision



Phakic intraocular lens (PIOL) and Implantable Collamer Lens (ICL)

 Correction of myopia up to -18,00 sph
 Correction of hyperopia up to +12,00 sph
 Correction of astigmatism up to ±6,00 D

Beyond corneal laser refractive surgery

Complications

Up to 55-60 in myopia, 45 in hyperopia

• WTW: 10.8-13.0 mm (11.2-12.4 mm)



2° EVO ICL USER MEETING ITALIANONew generation ICL offers high 

quality of vision with low 

complcations vs old generation

EVO vs EVO+: 5,0 vs 6,1 mm optic diameter



PIOL and SMILE both equally efficient 

in moderate/high myopia, PIOL 

probably offer better quality of vision 

vs SMILE (aberrations higher in 

SMILE)

PIOL more accurate than excimer 

laser surgery for refractive errors, 

better visual quality, comparable 

complications (follow up: 12 months)

PIOL comparable to SMILE in 

efficacy, safety and 

predictability in short term

PIOL comparable to SMILE in 

efficacy, safety and predictability, 

probably SMILE has better 

predictability at long term (4 years)

SMILE = PIOL
But no long term comparisons



2° EVO ICL USER MEETING ITALIANO

Hi-Tech & AI for 
ICL surgery



2° EVO ICL USER MEETING ITALIAPresbyopi
a

EVO VIVA
Sphere & 
Toric

FUTURE ADVANCES IN ICL 



• Vault prediction/sizing

2° EVO ICL USER MEETING ITALIANO

Ordering
System

Stella

• Intermediate Sizes?

FUTURE ADVANCES IN ICL 

Injector

Preloade
d?

• Is Future lens based?

• Costs?

• Learning curve?

• Immediate Sequential Bilateral Surgery? 



Corneal vs intraocular refractive surgery: 
when to avoid each technique

2022

Corneal refractive surgery

Intraocular refractive surgery

Excessively large pupil size for lens optical zone (7 mm)

low ECD

Glaucoma



Refractive lens exchange (RLE)

 Hyperopes with < 2.5 mm ACD and > 45 years
 High/very high myopes > 55 years (with normal fundus)

&
= increased intra- & post-op complications

Premium IOLs («young» 

and demanding patient!)

Multifocal IOLs

EDOF IOLs

Toric IOLs

Femtosecond 

laser assisted 

cataract surgery



Four types of incisions:

• Corneal Incisions (CCI)

• Capsulotomy

• Lens fragmentation

• Astigmatic corneal incisions

 

FEMTO-CATARACT



46

OCT visualiza琀椀on system: robo琀椀c



FLACS and capsulotomy

Be琀琀er circularity, good centra琀椀on 

and sizing of capsulotomy = No 

capsular shrinkage and good IOL 

FLACS and HOA

Lower high order aberra琀椀ons in femto 

vs manual due to be琀琀er IOL posi琀椀oning



 

RECOMMENDATION:

To facilitate surgical steps in difficult cases

FLACS

Post trauma/ White 
cataracts

Polar cataract

Fuchs endothelial 
distrophy

Subluxated cataract

Vitrectomized eyes 



IOL EDoF: 
spectacle 

independence



2020



Refrac琀椀ve Index Shaping (RIS)
Femtosecond laser crea琀椀on of a «lens in a lens» to adjust IOL 

power (by modifying refrac琀椀ve index) and to transform a 

monofocal IOL into a mul琀椀focal IOLUnlike LAL (light adjustable lens) that require:

• Speci昀椀c three-piece silicone lens manufactured 

with a unpolymerized macromers within the op琀椀c

• A昀琀er appropriate power adjustment, the power of 

this lens has to be locked in by irradia琀椀ng the 

en琀椀re lens (2 sessions)

• The power of the lens can no longer be changed 

a昀琀er irradia琀椀on

• Pa琀椀ent must wear special UV-protec琀椀ve 

eyeglasses because exposure to sunlight can 

unwanted refrac琀椀ve changes 



First human treatments (6 

cases) presented at ESCRS 

2024 by P. Stodulka (in vivo 

study soon)

In vitro

Animal



Take home messages: which technique to use?

MYOPIA

Very high myopia 

(> -10,00 sph)

ICL
RLE (age)

Evaluate history, age, 
ACD & ECD, fundus 

oculi

High myopia 

(-6,00 sph -> -10,00 sph)

SMILE

ICL
RLE (age)

- Age

- History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

Moderate myopia 

(-3,00 sph -> -6,00 sph)

LASIK

SMILE

ICL
RLE (age)

- Age

- History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

Low myopia

 (-1,00 sph -> -3,00 sph)

PRK

LASIK

SMILE
ICL

RLE (age)

- Age

- History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

L. Mastropasqua, 2025



HYPEROPIA

High hyperopia 

(> +6,00 sph)

ICL

RLE (age)

- Age & History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

Moderate hyperopia 

(+3,00 sph -> +6,00 sph)

LASIK

SMILE

ICL

RLE (age)

- Age & History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

Low hyperopia

 (+1,00 sph -> +3,00 sph)

PRK

LASIK

SMILE

ICL
RLE (age)

- Age & History

- Corneal parameters

- Pupil diameter

- ACD & ECD

- Patient preference

- Cost/benefit

Take home messages: which technique to 
use?

L. Mastropasqua, 2025



Lens Lens

45-55 >55<45

Adapted from



Refractive surgery: Paradigm Shift !

SMILE

P-ICL

• All-Femto (no excimer)
• Myopia (from -1 to -10 D) & Hyperopia
• No pain
• No regression
• No dry eye
• No ectasia
• No clinically significant aberrations
• Fast recovery
• Tissue sparing
• Biomechanics preservation (RSB)
• Resistance to trauma
• No corneal surgery
• Myopia and Hyperopia (from ±1 

up to ± 20 D)
• No pain 
• Fast recovery
• No clinically significant aberrations
• No cataract induction
• No glaucoma (central port)
• Reversible surgery
• Possibility of presbyopia treatment

F-LASIK PRK

• Low myopia 
• Hyperopia (up to 3-4 D)
• Presbyopia

• Low myopia
• HOA > 0,4 RMS

• Hyperopes with < 2,5 mm 

ACD and > 45 years
• High/very high myopes > 55 

years (with normal fundus)

Refractive 

Lens 

Exchange



What to do if all procedures are equally possible?

Patient preference and lifestyle 

(expectations)

Counselling («Doc, what would you 

do if it was your relative?»)

Risk/benefit ratio (still unclear for 

PIOL due to low amount of long-term 

studies on complications in 

literature) 

Surgeon personal expertise in one 

or more techniques (can affect 

outcomes!)



Corneal Stromal Len琀椀cules
SMILE len琀椀cules are neatly cut discs of na琀椀ve, well-organized collagen-rich ECM that are ultrathin 

(about 30–140 μm thick) transparent, avascular, and mechanically strong, obtained from young, 

healthy corneas. Their discard is an enormous waste of a valuable resource of 琀椀ssue that can be 

reused for therapeu琀椀c uses, moreso with the constantly growing number of SMILE surgeries.

Corneal stromal len琀椀cule provides a possible source of bio-sca昀昀old

Discarded 琀椀ssue with minor ethical issues 

Natural and biocompa琀椀ble  

High availability from SMILE procedure

 
Possibility to preserva琀椀on and banking

 



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

SLAK
• 10 cases of Advanced Keratoconus 

(curvature range 55-70 D – CCT: 
290-450 microns)

• Transparent cornea

• BSCVA (<20/200)

• Contact lens intolerant

• Stable keratoconus / Candidate for 
DALK/PK

• LENTICULES were obtained from 
Eye-bank donor corneas suitable 
for PK-DALK



SLAK: 

Mild wound healing 

reac琀椀on, 

stable interface 

re昀氀ec琀椀vity, absence 

of immune stromal 

rejec琀椀on



2020

Cell 琀椀ssue bank - 2021

2022 Cell 琀椀ssue bank - 2020

Len琀椀cule banking?
A reversible procedure:

REMOVED TISSUE IS STILL VITAL

The stromal len琀椀cule extracted 

following ReLEx maintain 

keratocyte viability and overall 

collagen structural integrity in 

pre- and post- cryopreserved 

琀椀ssue samples.

«The poten琀椀al op琀椀on of STROMAL LENTICULE STORAGE AFTER RELEX/SMILE o昀昀ers pa琀椀ents the unique 

opportunity  of bank their 琀椀ssue in case of future need, or to  donate their 琀椀ssues to others in need».

LASIK SMILE



LENTICULE SURFACES MICROPARTICLES MERGE

3D Trasversal View

Len琀椀cule Bioengineering: The New Fron琀椀er

Collagen I – Red

Fluo-MPs - Green

Scanning Electron Microscopy

Decellularized human SMILE-derived 

stromal len琀椀cules with recombinant 

human Nerve Growth Factor (rhNGF) 

incorporated in PLGA-micropar琀椀cles 



Refractive error correction with lenticule implantation: 

the future? 202

0



Correction of 
positive ametropia

Aphakia (昀椀rst 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

 As琀椀gma琀椀sm
• Damgaard, 2019

• Stodulka, 2020



Front in Med 2024

Moshifar M et al. Allogenic Len琀椀cular Implanta琀椀on for Correc琀椀on of 

Refrac琀椀ve Error and Ectasia – Ophthalmol Ther

A lenticule with a refractive power 1.2 times higher 

than the estimated power is required. 

The equation is as follows: LAC (D) = 1.22 LRP (D) 

(LAC = lenticule implantation achieved correction, 

LRP = lenticule refractive power, both measured in 

diopters). 

VA outcomes were not ideal, with only 60% of 

patients with 20/40 or better UDVA, only 19% with 

20/20 or better UDVA

Allogenic Len琀椀cular Implanta琀椀on in HYPEROPIA



LENTICULE «MANUAL» CUSTOMIZATION STUDY

2024



LENTICULE «AUTOMATED» CUSTOMIZATION STUDY

Excimer-laser customiza琀椀on of corneal len琀椀cule 

based on topography pro昀椀le to be implanted



Excimer laser asymmetric KC model Post excimer laser customized len琀椀cule implanta琀椀on

LENTICULE «AUTOMATED» CUSTOMIZATION STUDY



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



Stromal Len琀椀cule Addi琀椀on Keratoplasty with MYOPIC SMILE len琀椀cule to re-shape stromal loss in post-HSV stromal scar 

Human Corneal Len琀椀cules (hCL) as intrastromal implanta琀椀on

Pre Post



“In the fields of observation, 
chance only favors prepared minds”

Louis Pasteur, 1854

http://www.evicr.net/index.php
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