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Introduction

£ 1960 Maiman: Ruby laser

£ 1960~1980 photocoagulation
— eg; diabetic retinopathy, glaucoma

& Early 1980 photodisruption

£ Recent phototablation—photochemical
Interaction, diagnostic laser



/@iﬁmr applications in Ophthalmology

Wave length (nm)

Xenon-arc system 400.0-1600
Ruby laser 694.3
Argon laser 457.3-524.7
Nd:YAG laser
frequency doubled 532
Q-switched 1054
Krypton laser 647.1
Carbon dioxide laser 10600
Dye laser multiple
Ho:YAG 2100
ErYAG 2940

Excimer laser
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L aser tissue interactions

& Laser
— Wavelength: E=hv=hc/A
— Duration
— power

& Target
— Absorbance, A=log[l,/I(d)]=ecd
— Transmission, T(d)= 10 —A(d)=g-*d=10-2-3A



e E

L aser tissue interaction

* Photothermal interaction

— Photocoagulation, melting, carbonization,
vaporization,

& Photoablation

£ Optical breakdown

£ Photochemical interaction

¥ Laser diagnostics

£ Optical tweezers & optical scissors



Photothermal interaction
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Phtothermal photoablation Plasma-induced | Mechanical
Interaction ablation photodisuption
duration 1us~1 min 10-100ns 100-500fs 100ns-100fs
Power density 10~108 107-10% 1011-10%3 1011016
W/cm?
kinds Nd:YAG Excimer lasers Nd:YAG Nd:YAG
ErYAG Nd:YLF Nd:YLF
HO:YAG Titanium:sapphir | Titanium:sapphir
Argon ion € €

Diode lasers
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Photocoagulation

£ Non-laser photocoagulation
— 1945 Meyer-Schwickerath : sunlight
— 1956 Meyer-Schwickerath: xenon arc

& Laser photocoagulation
— 1968 L’Esperance: argon laser
— 1972 krypton laser
— 1981 tunable laser
— 1990~ diode laser
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photocoagulation

& Duration: 100-200~500ms

< Power: mW
— I duration, Ttissue rupture & hemorrhage

& Spot size: 50-500 um
& Temperature

— T 10-20 °C: inactivation of enzymes, protein & nucleic acid
denaturation— necrosis, hemostasis, coagulation

— T T: water vaporization , gas bubble formation
— 1100 °C: loss of structure
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Principle wavelengths of common photocoagulation lasers

Laser Wavelength(nm)

Argon(blue-green) 488.0

Argon(green) 514.5

Frequency doubled Nd:YAG 532.0

Krypton (yellow) 568.2

Krypton (red) 647.1

Tunable dye Variable(most 570-630)
depending on dye

Diode Variable (most 780-850)

depending on diode
Nd:YAG 1064
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photocoagulation

# Chromophore

— Melanin: 400-700 nm
* retinal pigment epithelium, uvea, trabecular meshwork

— Xanthophyli
e macula
 Argon (green); 514.5 nm, minimal absorption

— Hemoglobin

« Shorter than red light: strong absorption, useful for blood vessel
closure

« Krypton red: absorption in RPE layer & choroid
— T discomfort, deep penetration, choroidal hemorrhage,
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photocoagulation

4 Nd:YAG laser
— Radiation at 1064 nm
— Deeper penetration
— Lower absorption of melanin
— Greater absorption by other the ocular media
— Higher power needed
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& 532 Laser fx iz % ek g it 514 LaseriB 47 ==>4% B an & 45
(30- 50 % less power required)

4 532 Laser Xanthophyllsex qz it 514 Laser:® 4 ==>Pigment
EE
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(<100 ms exposure time)
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Greater absorption in hemoglobin
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Lesser absorption in xanthophyll
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# Laser Wavelength: 532 nm

& Laser Power

— 30 mW~1.7 Watts minimum at cornea - Slit Lamp mode
— 50 mW~1.7 Watts minimum at cornea - ENDO mode
— 100 mW~1.7 Watts minimum at cornea - LIO mode

& Spot Size: 50 - 1000 microns

& Exposure Time (in seconds)
- 0.01-0.02-0.05-0.1-0.15-0.2-0.25-0.3-04-0.5-0.7-1.0-1.5-2.0

# Repeat Interval
0.1-1.0 seconds in 0.1 second increments
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photocoagulation

# Tunable dye laser
— Pumped by other lasers
— Select the desired wavelength
— Most: 560-640 nm---argon laser
— 560-580 nm: Targeted melanin and Hb:
— 610-640 nm: RPE and choroidal melanin:
— orange light 580-610nm:

» RPE and underlying neovasculizaton
* Retinal or vascular tumors
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photocoagulation

& Diode laser

— Emit between 780-810 nm ( commercial 810 nm)
— REk

» Exceptional electrical to optical efficiency
Smaller, less expensive, more portable lasers
Deeper penetration, through macular edema
Transmission through cataract, hemorrhage
Lesions similar to those with Krypton red light 647 nm
— g

» More energy, more irradiance and exposure time

* Limited peripheral treatment

» More discomfort
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— Laser indirect ophthalmoloscopy
* Spotsize# % {&3& it
 Useful for far peripheral treatment eg: ROP
— Endophotocoagulation system
* Histological damage limited to outer retina
 Mild burn: outer nuclear layer
» Moderate burn: inner nuclear layer
 Severe burn: ganglion cell loss, scarring

— Transscleral retinal photocoagulation
 Retinal photocoagulation
* cyclophotocoagulation
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Photocoagulation

# Clinical applications
— Diabetic retinopathy
— Retinal vein occlusion
— Macular degeneration
— Focal Retinal detachment
— Retinopathy of prematurity
— Glaucoma
— Oculoplastic surgery: trichiasis, capillary hemangioma
— Ophthalmic oncology
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4 Diabetic retinopathy
— Early proliferative diabetic retinopathy (PDR)

— Panretinal photocoagulation(PRP)
e Targeting of neovascular elements
o Destruction of hypoxic retina

e Improved oxygen diffusion
— Creating tighter adhesion to choriocapillaries

 Decreased vasoproliferative tendencies
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# Macular edema
— The most common manifestation of DR

— Treated with focal or grid laser

 Preventing fluid passage from subretinal space through
the RPE

« Sealing leaking microaneurysms or capillaries

e Damaged RPE (?)

— Reduction of blood flow, Tinner retinal oxygen, replacement of
coagulated RPE, proliferation of endothelial cell (capillaries,
venules), T blood retinal barriers
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¥ Aged related macular degeneration (ARMD)
— Heated-induced closure of the new vessels
— Release of angiogenesis-inhibiting factors
— Seals breaks in Bruch’s membrane
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Macular degeneration with Subretinal vascularization
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Retinal holes
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Retinal detachment
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Figure 8.57 Argon laser trabeculoplasty. Left: correct focus with round
aiming beam; right: incorrect focus with oval aiming beam

Laser trabeculopasty (ALT)
argon or diode lasers
shrinking the superfical collagen of trabecular work
biochemical changes: phagocytic action
800-1200mW x 0.2s x100um x 50 burs/180°
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Peripheral iridoplasty

200 mW x 0.2 s x200um
200 mW x 0.5 s x500um
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Photomyadrisis S
200 MW x 0.2 s x200um — =
200 mW x 0.5 s x500um




Transscleral
cyclophotocoagulation
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Suturelysis
Trabeculectomy flap suture
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Photodisruption

4 1962 Hellwarth: Q-switching ruby laser
41972 Kransnov: cold laser
& 1984 Frankhauser: Nd:YAG laser

— Spot: <50 pum

— 1019-10H w/cm?

— High local temperature exist briefly
— Total heat energy is low
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photodisruption

# High peak power ionizing laser pulse

# Optical breakdown

— Plasma induced ablation

» Thermoionic emission — free radical production — Cell ionization —
plasma spark

¢ RAfET I BB ER Y
— Mechanical photodlsruptlon

 Cell ionization — shock wave, cavitation, jet formation, bubble
formation

© £ BRI K
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Photodisruption

& Nd:YAG laser 1064 nm
— Q switch : 30 mJ
— Mode locked ~5mJ
— Aiming beam: continuous wave He-Ne laser
— Contact lens
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& Clinical applications
— Secondary cataract: posterior capsulotomy
— Glaucoma: iridotomy
— Post segment: vitreous membrane, floater



After cataract
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Photoablation

4 1982 Sriivasan & Mayne-Banton

& High intensity laser irradiation—x molecular
bond

& Ablation death <1 um
& Energy density: general 10'~108 W/cm?
& Eg: Excimer lasers
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* Excimer lasers
— Excited dimer

— Argon fluroide (ArF) laser
o /-<:193 nm
. %’%’ﬁtﬁ%: 6.42 eV
 Pulse duration: 12-15 ns
o Ablation death/ pulse: 0.25 um (cell diameter: 10 um
o Collateral damage: Ay ‘|



Photon
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& Parameters of Excimers lasers

— Fluence: 100-250mJ/cm?

« T fluence — 4 operation time, { pulse variance
— T 2957 T optical degradation,
T acoustic shock wave
— Beam homogenecity
» Homogeneous distribution: central island

 Heterogeneous distribution:
— Gaussian distribution
— Anti-Gaussian distribution

— Laser delivery system: 47
— Pulse repetition rate
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Broad-beam laser

Scanning-slit laser

Scanning-spot laser

Flying spot laser
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- F &M 3-4 um
P
— Secondary fluorescence & cataractogenesis
— EPAY: central island
— Toxic free radicals
— mutagenesis
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Photochemical interaction
#«PDT : Photodynamic therapy
— Photosensitizer

— Specific wavelength laser
— Singlet oxygen or free radicals
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Light-activated verteporfin generates reactive forms of oxygen

Excited single! state
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& BE
ge-relate macular degeneration
athologic myopia
cular histoplasmosis syndrome
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e 2

& \Visudyne (6mg/m ) : xREE £ % 35
q T HSE DA R 689nm ik - imAE T S
@ B A€ ¢ 50J/cm
7 &k & 1 600 mW/cm

PR G+pF Y 1 83 F)




— )

Before and after Visudyne therapy
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Diagnostic lasers

£ Scanning laser ophthalmoscope
& Laser flare and cell meter
# Laser interferometer

< Optical co
& Laser dop

nerence tomography

nler velocimeter
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& Optical Coherence tomography
— 2 dimensional laser interferometric ranging
— High resolution
— Similar ultrasound B mode



Fig. 25. False-color OCT tomograph obtained through the
macula and optic disk of a human eye. Vitreous

Fig. 26. OCT image of a neurosensory retinal detachment in
a patient with a diagnosis of central serous chorioretinopa-
thy.

Fig. 27. OCT image of the anterior human eye. Sclera
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