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* Photochemical Interaction
e Thermal Interaction

» Photoablation

» Plasma-Induced Ablation

» Photodisruption
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Chemical effects and reactions within
macromolecules or tissues induced by
light exposure

Characteristics
- Low power densities: 1 W/cm2
- Long exposure times: CW - sec

Applications

- Photodynamic Therapy (PDT)
- Biostimulation
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* Word “Biostimulation”: not scientifically well defined

» Red/ Infra-red low intensity light as stimulus for
cell proliferation (e.g. wound healing, hair growth)

» Controverse discussion about effects

® no photochemical reaction path known
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* Main idea using a photosensitizer acting as catalyst
(only in photodynamic therapy)

» Observations No macroscopic observations

* Typ. lasers red dye lasers, diode lasers

e Typ. pulse durations 1s ... CW
» Typ. power densities 0.01 ... 50 W/cm?

» Special applications  photodynamic therapy, biostimulation
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Non-specific interaction with increase in local temperature

e CW or pulsed LASER irradiation

* Irradiation duration / Peak temperature in tissue
- Coagulation
- Vaporization
- Carbonization
- Melting

» Application: Laser-induced thermotherapy
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Bulk absorption at the microscopic level occurring in
molecular vibration-rotation bands followed by
nonradioactive decay

Two-step Process:

1. Absorption of a photon: A+hn® A*

2. Deactivation by inelastic collision: A *+ M(E,,)® A+ M(E,, +DE,,)
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Quantitative approximation of remaining active molecules and cells at a certain

temperature:
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37T -42<C No measurable effects in tissue

42C - 50C Hyperthermia (for several minutes: necrosis)
® conformational changes of molecules
® bond destruction
® membrane alterations

>50C Measurable reduction in enzyme activation
® reduced energy transfer within the cell and cell immobility
® certain cellular repair mechanisms disabled
® fraction of surviving cells reduced

60C . Denaturation of proteins and collagen
® coagulation of tissue
® necrosis of cells
® paling of tissue
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>80T Cellular membrane permeability drastically in creases
® destruction of the chemical concentration equilibrium

100°C . Water vaporization

large vaporization heat of water (2253 kJ/kg)
Evacuation of excess heat by vapor

Phase transition with volume increase: gas bubbles
mechanical ruptures

thermal decomposition of tissue fragments

@060 6

>100C . Carbonization
® blackening of adjacent tissue and smoke generation

>300C [  Meting
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Temperature 3 60C

Coagulated tissue:
» becomes necrotic
« appears darker than other tissue

Detection by Hematoxylin and Eosin staining
of histologic section

Fig. 8.10. (a) Uterine tissue of a wistar rat coagulated with a OW NA:-YAG laser
{power: 10W, bar: 80 um). Photograph kindly provided by Dr. Kurek (Heidelberg)
{b) Human cornea coagulated with 120 pulses from an E£YAG laser (pulse durs-
tion: 00} ps, pulse energy: Sm], repetition rate: 1 Hz, bar: 100 )
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Thermomechanical effect

Vaporization of water
* increase in pressure
* expansion ® microexplosions

Tissue ablation: Thermal decomposition

Fig. 8.11. (a) Human tooth vaporized with 20 pulses from an Fir:YAG lnser (pulse
duration: 90 s, pulse energy: 100ml, repetition rate: 1 Hz), (b) Enlasgement show-
ing the edge of ablation
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Temperature > 100C Release of carbon
 blackening in color
« reduces visibility during surgery

Fig. 3.12. (a) Tumor metastases on human skin carbonized with a CW OO laser
[power: 40W, bar: 1 mm), Photograph kindly provided by Dr. Kurek (Heidelberg),
(b)) Human tooth carbonized with s CW GOy laser (power: 1 W, bar: 1mm)
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Temperature: several hundred degrees Celsius

Fig. 3.13. (a) Human tooth melted with 100 pulses from a Ho-YAG laser (pulse
duration: 3.8 us, pulse energy: 18 mJ, repetition rate: 1 Hz), (b) Enlargement show-
ing the edge of the melted zone
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Magnetic Resonance Imaging (MRI) LITT
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* Main idea

* Observations
e Typ. lasers

e Typ. pulse durations
« Typ. power densities

» Special applications

Summary: Thermal Interaction

achieving a certain temperature which leads to the
desired thermal effect

either coagulation, vaporization, carbonization or melting

CO2, Nd:YAG, Er:YAG, Ho:YAG, argon ion and diode
lasers

1us...1min
10 ... 108 W/cm?

coagulation, vaporization, melting, thermal decomposition,
treatment of retinal detachment, laser-induces interstitial
thermotherapy (LITT)
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* Photochemical Interaction

» Thermal Interaction Q

* Photoablation
* Plasma-Induced Ablation

* Photodisruption
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Absorption of UV photons results in exceeding the

bond energy, which is followed by dissociation of the
atoms at the very next vibration

Characteristics

- Exposure times: 109 (ns)

Applications
- Refractive corneal surgery

- Power densities: 107 - 108 W/cm?2
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Excitation: AB+hn® (AB)*

Dissociation: (AB)* ® A+B+ Ekin

Absorption of high-energy
UV photons

Ejection of fragments
(no necrosis)

Promotion to repulsive
excited states

® Dissociation

Ablation
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Tab. 3.8

Ablation products

« Single atoms (C, N, H, O)

* Molecules (C,, CN, CH, CO)

« Stable fragments (shorter wavelength: smaller MW, smoother surface)

® wavelength dependent

RUPRECHT-KARLS-
UNIVERSITY HEIDELBERG

Computer Assisted Clinical Medicine

erveaneranem |- Cyitotoxicity of UV Radiation

11/26/2009 | Page 32

DNA

strong UV absorption (240 — 260 nm)

® mutagenic effects
nucleus

cell

Proteins (cellular matrix)

strong absorption at 193 nm

® Sensitive DNA shielded by cytoplasma

® Absorption at 193 nm is followed by

fluorescence at 250 nm (Rasmussen
et al. 1989) DNA chromosome

Be aware of potential risks when using Excimer laser  sin
medicine (e.g. refractive corneal surgery)
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* Main idea direct breaking of molecular bonds by high-energy UV
photons
» Observations very clean ablation, associated with audible report and

visible fluorescence
* Typ. lasers Excimer lasers, e.g. ArF, KrF, XeCl, XeF
* Typ. pulse durations 10— 100 ns
» Typ. power densities 107 — 101° W/cm?

» Special applications  Refractive corneal surgery

LASIK surgery
(Laser-assisted in-situ Keratomileusis)
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» Photochemical Interaction Q
» Thermal Interaction

* Photoablation

» Plasma-Induced Ablation

* Photodisruption
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Well-defined removal of tissue by optical breakdown
without evidence of thermal or mechanical damage

Characteristics
- Power densities: 101 - 1013 W/cm?
- Exposure times: 500 1012 s (ps) - 1015s (fs)

Applications

- Refractive corneal surgery, caries therapy &
diagnostics
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Laser pulse Initiation Electron avalanche growth
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plasma
spark

Tooth spectra

healthy caries
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* Main idea
» Observations

e Typ. lasers

Summary: Plasma-Induced Ablation

ablation by ionizing plasma formation

very clean ablation, associated with audible report and
blueish plasma sparking

Nd:YAG, Nd:YLF, Ti:Sapphire

» Typ. pulse durations 500 ps — 100 fs

» Typ. power densities 101 — 10 W/cm?2

» Special applications  Refractive corneal surgery, caries therapy & diagnostics
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* Photochemical Interaction O
» Thermal Interaction

* Photoablation

* Plasma-Induced Ablation

» Photodisruption
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Multi-cause mechanical effect starting with
optical breakdown followed by
shock wave generation, cavitation and jet formation

Characteristics
- Power densities: 10! - 1016 W/cm?
- Exposure times: 100309 (ns) — 1004015 s (fs)

Applications

- Minimally Invasive Surgery (MIS), lens fragmentation,
lithotripsy
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Plasma formation (during laser pulse, a few ns )
* Locally confined to breakdown region
- Plasma shielding ® increased absorption coefficient
- Brillouin scattering ® light scattered by thermally excited acoustic waves

- Multiple plasma generation ® cascade of plasmas pointing from focal spot into laser
source direction

* Plasma volume size: pulse duration dependent
 Diffusion of free e into surrounding tissue

Shockwave generation (during plasma generation, 30 — 50 ns)

* Expansion of the plasma ® boundary: shock wave until slow
down to ordinary acoustic wave

* Short displacement length: limited to subcellular damage

« Damage zone: r g E
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Cavitation generation (50 — 150 ns after laser pulse, ~ ms)
» Soft tissues, fluids: Bubbles (&£~ mm)
« Damage zone: rpu 3E

Jet formation (during cavitation bubble collapse)

» Collapse of cavitation bubbles in vicinity of solid boundary
» Damage zone: r g ~mm
BUT: microbubbles are quickly dissolved -> no problem
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* Main idea

» Observations

e Typ. lasers
* Typ. pulse durations
» Typ. power densities

» Special applications

fragmentation and cutting of tissue by mechanical forces

plasma sparking, generation of shock waves, cavitation,
jet formation

solid-state lasers, e.g. Nd:YAG, Nd:YLF, Ti:Sapphire
100 ns — 100 fs
1011 — 106 W/cm?

MIS, lens fragmentation, lithotripsy
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