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Klex – My new toy
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Corneal refractive procedures

• PRK

• LASEK

• Epi-LASIK

• LASIK

• SMILE

https://insighteye.com.au/wp-content/uploads/2017/09/PRK-LASIK-SMILE-3generations-px-education.png
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The development

• 2011  Smile CE (Carl Zeiss)
• 2016  Smile FDA (Carl Zeiss)
• 2020  Clear CE (Zimmer)
• 2020  SmartSight (Schwind)
• 2022  Smile Pro/Visumax 800 (Carl Zeiss)
• 2023  SILK (J&J)



EOS 2025 - T. Kohnen

Laser in situ 
Keratomileusis 
(LASIK) and Femto-
LASIK

Surface treatments 
(e.g. photorefractive 
keratectomy (PRK), 
trans-PRK and 
LASEK)

Keratorefractive lenticule extraction 
(KLEx)

Application Myopia Up to -8 D Up to -6 D from -1 D to -8 D

Hyperopia Up to + 3 D

Astigmatism Up to 5 D Up to 5 D Up to 5 D

Limit range Myopia Up to -10 D Up to -8 D -8 to -10 D

Hyperopia Up to +4 D Up to +3 D

Presbyopia Also possible as monovision

Astigmatism Up to 6 D Up to 6 D Up to 6 D

German KRC recommendations for laser treatments

KRC recommendations as of June 2022
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ESCRS guidelines for refractive surgery

(in progress)
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• Ideal for:

– Patients with thin corneas

– Athletes avoiding laser surgery

– Patients with dry eyes

• Why:

– Minimal impact on corneal biomechanics

– Tiny incision spares most superficial layers

– Few nerves affected → less dry eye post-op

Who is it for?
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KLEx surgical workflow

a. The laser creates a refractive corneal 

lenticule and a corneal incision less 

than 4 mm wide in a single step.

http://bva.dog/krc/index.php?seite=lle
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http://bva.dog/krc/index.php?seite=lle

b. The lenticule is removed 

through the small incision. 

Since no corneal flap is 

created, the impact on corneal 

biomechanical stability is 

minimal.

KLEx surgical workflow
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http://bva.dog/krc/index.php?seite=lle

c. Lenticule extraction replaces 

the point-by-point tissue ablation 

of the excimer laser.

Removing the lenticule reshapes 

the cornea to correct existing 

myopia.

KLEx surgical workflow
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Comparison of Klex and Femto-LASIK

• No corneal flap is created with KLEx

• The inner cornea is not exposed

• A tiny tunnel incision is sufficient to 

remove the corneal tissue

• A 3–4 mm incision replaces the 

approx. 20 mm circular flap cut http://bva.dog/krc/index.php?seite=lle
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The principle of a keratorefractive lenticule extraction

https://www.eye-tech-solutions.com/
schwind-smartsight

With SmartSight, the SCHWIND 

ATOS femtosecond laser creates a 

pre-calculated lenticule within the 

intrastromal tissue and prepares 

small peripheral incisions in the 

uppermost corneal layer for lenticule 

access.

After the laser process, the lenticule 

is removed through these small 

entry points.

SmartSight uses no corneal flap and 

involves no tissue ablation as with 

the excimer laser.
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Lenticule Extraction with Femtosecond Laser:

The Advantages

• Less dryness

• Fewer optical side effects: halos, spherical aberrations

• No flap (no flap-related trauma or epithelial ingrowth)
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Video & surgery

Prof. Dr. Daniel Kook

Zeiss Visusmax 500
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ReLEX SMILE vs. Femto-LASIK

• Comparison of long-term results with ReLEX SMILE vs. femto-LASIK

• Retrospective analysis, 5 years postoperatively
 404 eyes after FsLASIK

 1192 eyes after ReLEx SMILE

• Outcome was equally good

• Good predictability

Predictability

Safety

Breyer DRH, Beckers L, Hagen P, Kaymak H, Klabe K, Auffarth GU, Kretz FTA. Klin Mon Augenheilkd 2019
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Corneal lenticular extraction

https://www.zeiss.de/meditec/produkte/ophthalmologie/

augenlaserkorrektur/laserbehandlung/femtosekundenlaser-

loesungen/visumax.html

ZEISS VisuMax

https://www.ziemergroup.com/en/products/femto-ldv/

ZIEMER FEMTO LDV

SCHWIND ATOS

https://www.eye-tech-solutions.com/schwind-atos
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• Femtosecond laser with a wavelength of 1030±50nm

• Repetition rate of up to 4MHz

with average energy treatment energy of <100nJ

• Features
 eye tracking

 cyclotorsion correction

 pupil detection

 astigmatism correction

Key data of the laser
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June 2022

Corneal Lenticule Creation 

Using a New Solid-State 

Femtosecond Laser Measured 

by Spectral Domain OCT in a 

Porcine Eye Model

Christoph Lwowski; Anna Voigt; 

Karel Van Keer; Thomas 

Kohnen
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• 60 fresh pig eyes (max 8 h post enucleation)
 10 groups (6 eyes per group)

• Before the operation
 Manual removal of the epithelium
 Placement in special stabilizing holder
 Setting an adequate intraocular pressure

• Set parameters
 Spot and track distance: 3 µm for lamellar cuts
 Edge distance: 1.5 µm
 Edge cut angle: 120°
 100 nJ per pulse

• Measurement with OCT (TELESTO SP5
Spectral Domain OCT) after treatment

• Measurement of the parameters by 3
independent doctors & automatic measurements

Study protocol
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• Accurate and predictable Cap thickness (CT)

• Slight deviations in the cap diameter (CD) and 

the lenticule thickness (LT)

• Comparable with already established systems 

and protocols

• Provided settings seems to be challenging 

(even with semi-automated algorithms)

→ could be due to experimental setting of trial

Conclusion
solid-state femtosecond laser (SmartSight protocol)
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Video and surgery

Dr. Victor Derhartunian

Schwind ATOS
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KLEx

Video and surgery

Prof. Dr. Thomas Kohnen

Schwind ATOS
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Recent (early) outcomes KLEx for myopia and astigmatism

Schwind Atos (University Frankfurt)
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Recent (early) outcomes KLEx for myopia and astigmatism

Schwind Atos (University Frankfurt)
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Stand: 2022
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What else can be expected in the future with KLEx?

Hyperopia 
correction?

 Sphere up to 
+6.00 D and 

astigmatism up to 
5.00 D

Presbyopia 
correction?

Keratoplasty in 
keratoconus

Glaucoma 
drainage devices?
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Thank you for your attention and 
the invitation to Egypt

Thomas Kohnen
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