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Charies Townes and Jim Gordon with the NH3 maser.

How the laser came to be...
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First Ruby Laser (actual size)
Theodore Maiman and Hughes Lab publicity Photo
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First application came in 1961.

Dr. Charles Campbell at Columbia
University

Procedure called
photocoagulation
Surgery on the retina
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» The Human Eye

Conjunctiva (merges . Layers of retina

with inside of

eyelids)
Vitreous humor (upper
half has been removed)

\ Optic nerve

/
1 L’

e i / Blood vessels

Pupil (openi} . A S
in iris) \ s
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Sclera
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\Wavelenath (nm)

bsorption spectra for various ocular components
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Laser type

Laser type

ArFl(excimer-
uv)

Nd YAG(green)

KrCl(excimer —
uv)

Krypton(yellow)

Krypton(blue)

He Neon(green)

Argon(blue)

Nd YAG (IR)

Argon(green)

He Neon(IR)

Krypton(green)

Erbium(IR)

He Neon
(yellow)

Hydrogen
flouride(IR)

Krypton(red)

CO,(IR)

Ruby (Red)
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HELIUM CADMIUM NEQDYMIUM
325] 1060

5000 10000

|
50 100 500 IOOOI
EXCIMER ArF ERBIUM
193 228

WAVELENGTH (NM)




Oxyhemoglobin
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Photcoagulation : thermal effect (e.g.: Argon / Krypton lasers)
Photochemical effect ( e.g.: Excimer lasers)

Photodisruption (e.g.: Nd:YAG lasers)

Photodynamic therapy

Photovaporization
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IONIZATION THERMAL PHOTOCHEMICAL

THERMOACOUSTIC THERMALLY ENHANCED
PHOTOCHEMISTRY

Time of exposure also matters
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CHOROID

RETINA

- FOVEA
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LS = Source radiance W cm??
f = effective focal length of eye (cm)

de = pupil diameter

= transmittance of ocular media

Term Description

Defining equation

Units of measure

Radiant energy Energy

Radiant energy Energy per unit volume
density

Radiant flux Energy per unit time
(power)

Radiant exitance Power emitted per
unit area of source

Irradiance Power falling on unit
area of target

Radiant intensity Source power radiated
per unit solid angle

Radiance Source power radiated
per unit area per unit
~ solid angle

_AQ,
We ™ Ay

AQ

o, = —=
° At
— A(I)e
Mygr AA

J

J/m?

J/sorW

W/m?

W/m?

W/sr

W/m?-sr

Abbreviations: J, joule; W, watt; m, meter; s, second; sr, steradian.




Analogous
Defining Units of radiometric
Term Description equation measure term

Luminous energy : Luminous energy in — talbot joule
visible spectrum

Luminous power Luminous power per unit $is lumen watt
time (power) : (talbot/s) (joule/s)

Luminous exitance Luminous power per unit lumen/m? watt/m?
area of source (lux)

Illuminance Luminous power per unit lumen/m? watt/m?
area of target (lux)

Luminous intensity Luminous power emitted . lumen/sr watt/sr
per unit solid angle (cd)

Luminance L, Luminous power per unit Ad, lumen/m?-sr watt/m?2-sr
solid angle per unit " AwAA
area of source

Abbreviations: sr, steradian; Im, lumen; Ix, lux; cd, candela (candle); ft-cd, foot-candle.
Equivalences: Ix = Im/m?; cd = Im/sr; ft-cd = lm/ft? = 10.76 Im/m?2.

Radiometric and photometric units are related by the spectral sensitivity of the eye
- the so called V- A curve
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WAVELENGTH X (nm)
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Retinal iluminance unit

Product of source luminance (cd m)
and pupil diameter squared (mm) 2




] do/ 4f
g = Source radiance W cm2
= effective focal length of eye (cm)

f
de = pupil diameter

.ﬁ, = transmittance of ocular media




For lengthy exposures

H = Et
Radiant exposure = (Irradiance) (time)
(Jcm3 (Wecm32 (s)

For Photochemical effects, we need to
employ the action spectrum (i.e., .the V-
Lambda curve)

Need to consider size of light source
and impact of eye movements in any
calculation of retinal exposure dose




| I
800 1000
WAVELENGTH (m)

Top curve: retina and chorodial spectral absorption values corrected for fundus reflectance
Bottom curve: product of top curve and spectral transmissiojn fucntion of the ocular media
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¥ Laser (1W into eye)

HLaser (1TmW )

D . : s
va'ﬁmcg ; : % Hazard
Arc or
Carbon Arc
A
Tungsten Molten Steel
Filament SR
7 Biue

Pyrotechnic Flare nght

Frosted Hazards
Incandescent Lamp L

Absorbed Retinal Irradiance (W-cm™)

Fh;_o_'esce:nt Guiaoor
Lamp Daylight 2

Pupil Diameter
(mm)

2' 5 10° 30" 1° 2° 4° 10° 20°
Angle Subtended by Light Source

1]
-
()
1]
O
Z
<
()
<C
(V
L
—
<C
Z
—
1]
%
()
L]
o0
%
O
%)
an
<C

2.
L1
O
4
)
O
7
2.
-
O
%
S
O
}_




()
O)
O
£
O
O
O
A"
£
()]
(=
O
O
i
(o)
=
.

Photochemical damage can occur at
long time exposures and low irradiances

2. Delay in development of observable
reaction

3. Widely distributed and diffuse

Type |
long exposure (hours or days)
Very low irradiances; large areas

Action spectra of type | damage coresponds to
absorption spectrum of uveal pigment

Type Il “blue light hazard”
higher irradiances
Shorter exposures
Size of areas smaller



Mechanism of damage involves free
radicals and probably singlet O,

Action spectrum of Type Il damage peaks
¥ 425 nm
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energy derived from direct absorption into
vibrational states (incident IR) or from
relaxations of electronically excited states (uv
or visible) — internal conversion

Thermal effects only occur when energy is
widely distributed within target molecules

Melanin and hemoglobin — major
chromophores

No heat lost by radiation

Convection requires free circulation of
heated fluid

Amount of heat lost from volume of exposed
chromophore depends on surface area to
volume ratio




In general,

v} = fraction of molecules

denatured for a temp T between
initial time t, and final time t; as a
function of radial distance r from
the center of retinal image along
the z axes of laser beam
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and not on max. value of temp. alone
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‘Dependence of [¥] on temp. is strongfr_ -’
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Relation between energy and duration

Below 20 {¥]s [¥] flat since there is little or no time for
heat to flow from image volume “thermal relaxation
time”

3. As pulse length {¥]




H/T RATIO = 500

H/T RATIO = 3
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nanosec millisec

Very short exposures ---hemorrhage
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energy derived from direct absorption into
vibrational states (incident IR) or from
relaxations of electronically excited states (uv
or visible) — internal conversion

Thermal effects only occur when energy is
widely distributed within target molecules

Melanin and hemoglobin — major
chromophores

No heat lost by radiation

Convection requires free circulation of
heated fluid

Amount of heat lost from volume of exposed
chromophore depends on surface area to
volume ratio
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Other mechanisms: thermo acuoustic and ionization

BRIRESHOLD RADIANT EXPOSURE

AND IMAGE DIAMETER

REEATIONSHIP BETWEEN
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Eye effects

Skin effects

UVC( 200-280nm)

photokeratitis

Erythema(sunburn)

Skin cancer

Uv B
(280-315nm)

photokeratitis

Accelerated skin
aging

UVA (315-400nm)

Photochemical uv
cataract

Pigment darkening
and skin burn

Visible (400-700)

Photochemical and
thermal injury

Photosensitive
reactions, skin
burn\

IR A
(780-1400nm)

Cataract, retinal
burns

SKin burn

IR B
(1400-3000nm)

Corneal burn,
aqueous flare, IR
cataract

SKin burn

IRC
3000nM-1000

Corneal burn only

SKkin burn




- emit radiation at low radiation hazard levels.
Continuous wave(cw) 0.4 mW at visible wavelengths

: 1000second exposure, not intended for viewing.
Power limit - 4.0MW. Eg. Supermarket scanner

. low power visible lasers but emit above class | (not
above 1mW)

. intermediate power lasers (cw: 1.5mW). Hazardous
for intra beam viewing

moderate power lasers (cw 5-500mW, pulsed: 10 J/
cm?). Produce hazardous diffuse reflection.

High power lasers (cw: 500mW, pulsed 10 J/cm?).
Hazardous to direct or diffusely scattered laser beam.




Direct Diffuse ocular
ocular

)

Only after
1000sec

Only after
0.25sec

yes no

yes Only when laser
output is near class
111B limit of 0.5

Key: X indicates class applies in wavelength range
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— Maximum
permissible exposure limits (MPE)
(developed by ANSI Z 136.1 “safe use of
laser standards” 1993)

e 0.25 seconds: human aversion time for
bright light( blink reflex)

10 seconds: represent optimum “worst
case” time period for ocular exposure
to IR (natural eye motions dominate
period longer than 10sec)

600 seconds: worst case period for
viewing visible diffuse reflections during
tasks like alignment

30,000 seconds: 8 hour occupational
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Laser type 600sec | 30,00sec

CO2(CW) 100 x

103

ND: YAG 1.6 X
(CW) 103

Nd: YAG 610x
(Q- - 10°

switched) D

He Ne
(CW) 106

MPE levels are in Watts/cm?2



2.5x 103 364x 106
31x 106 2.5x 103
16.7x 103 2.5x 103

Argon
(cw)

XeFl(exc
imer/
CW)

XeCl(ex
cimer/

CW)
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Types of laser safety eyewear available

Goggles:

- fit tightly-on the face M

= typically worn over vision-correcting prescription eye glasses

= usually constructed with frame vents to minimize lens fogging
larger, heavier than spectacles or wraps




A frame that usually has two separate
lenses with side shields

Can be made with vision-correcting
prescription eye glasses
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- A frame with a single lens that covers
both eyes

- Usually lighter than spectacles/goggles




1. Maximum permissible exposure (MPE), is the level of laser radiation to which a
person may be exposed without hazardous effects or biological changes in the
eye. MPE levels are determined as a function of laser wavelength, exposure time
and pulse repetition. The MPE is usually expressed either in terms of radiant
exposure in J/cm? or as irradiance in W/cm2 for a given wavelength and
exposure duration.

<Exposure to laser energy above the MPE can result in tissue damage.

<The ANSI 136.1 standard defines MPE levels for specific laser wavelengths
and exposure durations. Generally, the longer the wavelength, the higher
the MPE; the longer the exposure time, the lower the MPE




2. The Nominal Hazard Zone (NHZ) is the physical
space in which direct, reflected or scattered
laser radiation exceeds the MPE. LSE must be
worn within the NHZ.

-In practical terms, when using dermatologic
lasers the entire laser procedure room should
be considered to be within the NHZ because
the laser fiber or handpiece can be directed
pernabsehe oo




1.Laser warnlng signs must be placed at the entrance to laser operating

rooms.

2.Access to the Iétse“\‘r operating room should only be granted to those
individuals who have been appropriately educated in laser safety. Each
laser facility must devel“‘op‘;‘xits own Safety Procedures to be enforced by an
appropriately trained Laser Safety Officer for the facility. Safety procedures

should be in accordance with ANSI and OSHA guidelines (and others,
where appropriate).

3.As LSE often looks alike in style and color, it is mandatory to check the
wavelength and optical density imprinted on each pair of LSE prior to its use.
4.Color coding of the laser handpiece and LSE may help to minimize
confusion especially in facilities where multiple laser wavelengths are
available.




5. LSE should not move between laser rooms, nor should they be carried in
lab coat pockets between use.
LSE can be very expensive, so proper care and handling is mandatory. The

integrity of the LSE must beinspected regularly since small cracks or loose
fitting filters may permit the laser beam to reach the eye directly.

The patient's eyes must always be protected from laser energy. If the patient
is awake, appropriate opaque "mini" goggles must be worn. Great care
must be taken to avoid accidentally exposing the straps of the patient
goggles to laser light, since this can ignite them.




»

Whenever laser energy is used in the immediate vicinity of the eye (e.qg.
treating eyelids) a stainless steel or lead eye shield should be positioned
on the surface of the orbit after the application of a topical ophthalmic
local anesthetic. Plastic patient eye shields cannot be expected to
withstand the thermal and mechanical effects of pulsed lasers, and
should never be used.
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