EDAPMOrEZ T2N LASER ZTH BIOIATPIKH :
Evornra 12 — AopdAgia oTic EPpaployec Ttav laser

Mupaivn MakpoTrouAou
AvammA. Ka@nyritoia Touea @uaikrig, 2xoAn Egapuoousvwy MaBnuarikwy kai
Quaikwyv Ermmiornuwy, EGviko MeradBio lNoAurexveio, ABriva

2EM®E, 90 éounvo
AG®HNA, Axoo. Etog 2008-9
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IIINAKAY I: Kvpiotepes yproeis opicuévav otatdaéewy laser

TYmog Laser

Mnkog kdpatog
(pm)

Kvupiotepeg yproeis

Ruby

0,694

AopuQopiky| LETPNOT ATOCTAOTG,
latpikég ypnoeis,
AwoTpnTikn

Neodymium-YAG

1,064

Atbpopeg emegepyacieg LETOAA®Y,
YuykOAANGN, XapakTikn, lotpikn yprion
(xewpovpyikn, opBaipaTpucy),

2TpoTIOTIKES Ypnoels (MéTpnon amdcTaong),
LIDAR

Carbon Dioxide (C

10,6

EneEepyaoia petdAiov, LIDAR,
Xepovpyikn xpnon, Radar, Zovimén

Nitrogen (N)

0,337

‘Epevva, pocpatockomia,
Avtinon tov Dye Laser

Argon lon Gas

0,488 —0,514

0,351 & 0,363

Xepovpyikn OpBaipmv, OTTIKN YOPAKTIKY,
Laser Shows, lotpikég yprioeis, Epsova

Helium Neon
(HeNe)

0,632

Evbuypappioeic oe epyactpua, o€
01K000IKES Epyacies, OAoypapia,
VideoDisc

Helium Cadmium
(HeCd)

0,422

Extonotéc, O06veg, Epevva

GaAs

0,840

Emwcowovieg, «@dapow vrepbipov,
CD-players, Laser Printers

Krypton Ion Gas

0,476
0,528
0,568
0,847

Awckédaom, Oloypapio, AlyvooTiky,
006veg

Dye Lasers
(Rhodamine 6G)

0,400-0,600

dacporockonia, OpOaiporoyia,
Ewum dotoypdenon

Excimer —

Xenon chloride
(XeCl) Krypton
fluoride (KrFl) Xen
fluoride (XeFl)
Argon fluoride

(ArFI)

Ddwotolboypapia,
Koatepyooio empaveimv,
Avtinon tov Dye Laser,

‘Epevva,

A0OLAGTIKY YEPOVPYIKY
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Iivaxag II: Eion laser avdloya ue to Evepyo vAiko tovg

TYmog

Laser

Mnkog Kbpatog Ioyvg EE6o0v

Helium Neon (He-Ne)

632,8 nm

CW péypt 100 mW

Helium Cadmium (HeCd)

422 nm
325 nm

CW péypt 100 mW

Argon Ion (Ar")

488 kot 514 nm
plus blue lines

CW péypr 20 W

Krypton Ton (Kr")

647 nm
476 nm
528 nm

CW péypr 10 W

Carbon Dioxide (C0,)

10,6 pm
9,6 um

CW 71 moipukd, S0kW
200W CW

Hydrogen Fluoride (HF)

2,70 pm

CW péypt 10kW
HoApo péypt MW

Nitrogen (N)

337,1 nm

MoApucd péxpt 1 MW

Excimer —

Xenon chloride (XeCl)
Krypton fluoride (KrF1) Xen
fluoride (XeFl) Argon
fluoride (ArFI)

308 nm
248 nm
350 nm
193 nm

MoApucd péypt 10 MW

Xrepedg
KoTdeToong

Ruby

694,3 nm

HoApuco péypr 10 GW

Neodymium/YAG (Nd:YA(

1064 xon 1319 nm

HoApuco 1 CW péypt TW,
100W pécog 6pog CW

Neodymium/Glass (Nd:Glas

1064 nm

MoApucod péypt GW

Erbium

1,504

Hmayoyov

AGpopa VAIKE,
GaAlAs
InGaAsP

750 - 900 nm
100-1600 nm

CW (kémowo moApkd) p
50mW

XpooTiKig

Xpwotikng — Ildveo omd
OL0POPETIKEG

¥pwotikég laser evepyodv
gvepya péoa laser

300 -1800 nm
1100-1600 nm

Moo péypr 100 MW




s Kivouvol g xwpoucg Asitoupyiag laser

—

MoAuvaon TnG “aTpda@aIpac” TOU XWPEOU aTTo:

[MpoidévTa Tou cUCTAATOS agpiwy Tou laser (evepyod agpio, cUCTNHA YUENG,
TTapAywya K.A.)

Ymrapxouv {wvrava KUTTapa ora "KQuoaspia’” Liag Emeupaong laser;
Kivouvol amd ta NAeKTPIKA guaThparta Tou laser
NAEKTPOOOK, EyKaUpaTa, 8avarog (TPoPodoTIKA UWNANG I0XUOG,
TUTOWPEUTEG, NAEKTPO-OTITIKA CUCTAMATA, SIAUOPPWTEG K.A.TT.)
Kivouvol ammd Toug KPUOYOVIKOUG WUKTEG TWV dIaTagewy laser

(uypo6 alwTto, uyPO AAIO TA OTTOIA EITE Eival EKPNKTIKA EITE TTPOKAAOUV
duaTTVOoIQ)

Kivduvol TTupKdiag (TUCTNHA TTUKVWTWYV, £EKPNEN EUPAEKTWY AEPIWV A
OIaAUTWYV, OTATIKOG NAEKTPITHOG OE TTAAOTIKOUG CWARVEG, GUOTHHATA OTTTIKNG
AavtAnong, K.A..),

N

e

Kar puoika
4, Kivouvol ammé aueon ) Eupeon €kBeon otn 0éoapn laser!!!
7/11/2008
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+ Ofpoto ac@aierog kata T ypfion s axktivopoiiag laser

O1 kivouvol atro Ta laser uTropouv va XwpPIoTOUV YEVIKA O€ OUO
KATNYOPIES: O€ AUTOUG TTOU TTPOEPXOVTAI ATTO TNV AKTIVOBOAIQ KAl O€ AUTOUG
TTOU OEV TTPOEPXOVTAI ATTO AUTH), OTTWG Eival Ol NAEKTPIKOI Kal 01 XNUIKOI
KivOuvol.

U

Photoche 11@\ Thermal
' Eye transparent
Eye Retinal injury

Skin =i

"Sunburn” Burn

~ Tunua tov pacuaros tnc H/M axtivofoliag mov Eyel auson
7/11/2008 cxéon pe Ty acpdieia laser.
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Pulsed Dye

Ao Alexandrite Nd:YAG

KTP
Ruby | Diode

Excimer
‘_

Ultraviolet l Near Infrared Y ¥ Midinfrared Y

300 400 500 600 700 800 900 1000 1500 2000 3000 4000 5000 7500 10000 20000
Wavelength (nm)

Ta miéov yvwrota 1atpixd laser o6& cyéon ue To KVPIOTEPO UNKOG
KUMOTOS EKTOUTTIS TOVG 670 pacua ths H/M axtivofoiiac.
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+ O&nato aoc@arslog amo Ty aktivofoiia laser
- KiLvouvvol 6T pdaTo -

I

Retina

Macula

Cptic Merve

Vitreous

+ Ofnota ac@aierog oo Ty axktivopfoiia laser
- KILVOUVOL 6TO Oppa -

Laser radiation

[uv-c Juve [uv-Als Tira [Re | ko
| a3 2RO Tt 1 E

15 AIHF #HHR | Dl

rl-

Fisswe surface

Eprdermns

Dhermis

Subdenmic tissue
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+ Laser safety

4 Adverse effects of lasers

Adapted from Sliney DH, Wolbarsht ML. Safety with laser and other optical sources. A
comprehensive handbook. New York: Plenum Press, 1980.

Lltraviolet Visible spactrum Meaar infrarad Far infrarad

Lasar band

I
200 300 400 500 600 700 1400 2000 10°
Wavelangth (nm)

R e e

Gataract . catamet
-a ht wision

Dapth of
skin penatration

1/111/1£0UU8




Aiadoon ewTOG aTO dEPHA

reflection remission

epicermal dermal
scattering scattering

Srawum

CTETIELT
10200 um ' ' : -E:'. ﬂ._:..-;;f#}}‘.‘
Egicermis  fiil =. ;!':'5; g 1k pmlerrral ahsnrp
A0-150 urm I, "= il

b &vﬂﬁﬂﬁu

[
ﬂH

Damia
10204204 um
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OCULAR ABSORPTION SITE vs WAVELENGTH

RETIMA

Visibls and
Mear-infrared
{400 - 1400 nm)
Radiation

-
-l
-
il
-

.

ACLECAIS CORNEA

METIMA
e

Mid-infrared and
Far-infrarad
{1400 nrm - 1r5im)
and
Far-Ultraviolet
(VB0 o < 315 i)
Radiation

|

I

[

TYYY

WITREDUS

ALRLEQUS

Mear-Liltraviclst
{315 - 330 nm)
Radiation

AQUEDUS mpEA



@ AToppOP1o1] OLEPOPOV UNKOV KORATOS TNS OKTIVOBoAlaS 00 T
ola@opa 0pBaApIKA péca

Vevible and

nearinfrared
(1400 nm~1 mm
and
middie-ulraviolet
(180 nm—315 nm)
radation
(abeorbed malnty In
iha comea)

YYYYYYYTXY
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@ AToppOP1o1] OLEPOPOV UNKOV KORATOS TNS OKTIVOBoAlaS 00 T
ola@opa 0pBaApIKA péca

Macula lurben

Near-uftravialet
{315 nm-390 nen
varemis o
wa g
700 nm % 3000 nm
(ahsarbed malnly
in the lens}

YYYYTY Y YY
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@ AToppOP1o1] OLEPOPOV UNKOV KORATOS TNS OKTIVOBoAlaS 00 T
ola@opa 0pBaApIKA péca

Visibla and
near-irfrared
{400 nm-1400 nm)
rediatlon

amithed through
8 eye 10 the retina)

¥y Y YYTYFIYYVYY

Figure 2-10 4bsorption characteristics of the eve for different wavelengths
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IIINAKAX 1V: Bioloyikn opdon katd Ty Ek0con twv oploiumdy Kal To0v dEPUATOS GE O1dPo

MKy Kbpotos T™)s akxtivofoliog laser

®acpoatikn TepLoyn
okTwvofolriag

Dotofroroyuki dpaon
O@8aipog

DO otofroroyki dpdon
Aéppa

Yrepiooeg C

(200 nm - 280 nm)

Ddoto-kepatitidn

Ep0Onpa (sunburn)
Koapxkivog 0éppotog

Emitoyovopevn ynpoven
TOV OEPLLOTOG

Yrepunoeg B

(280 nm - 315 nm)

Ddwto-KepatiTIon

AvEnpévo «papiopon

Yrepundeg A

(315 nm - 400 nm)

DOTOYMUKOS KOTOPPAKTNG

Moavpiopo

"Eykavpo déppatog

Opato

(400 nm - 780 nm)

Dotoynuikn Kot Beppuky
BAGPN Tov apeiPAnotposidd

Moavpiopa

Avtidpdoelg
eotogvaicinciog

‘Eykavpo d€ppatog

YrépuOpo A

(780 nm - 1400 nm)

Koartappbrtng kot Eyxovpa
apOPBANGTPOEIBOVG

‘Eykovpa déppatog

YrépvOpo B

(1,4pum — 3,0 um)

‘Eyxavpo kepatogtdoug,

AVOAOUTES VOUTOELOOVG,
KOTOPAKTNG

‘Eykavpa déppatog

7/11/2008

YnrépvOpo C

(3,0 um - 1000 pm)

‘Eykovpa kepatoeidoig

(amoxAeloTiKg)

‘Eykoavpa déppatog
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+ O¢para ao@AaAeiag amo Tnv akTivoBoAia laser -
KivOuvol OTa JATIO KOl OTO OEPUA -

Evooosauia £kBeon onuaivel OTI TO HATI 1 €mOepUida  eKTIBeTAI
atreuBeiag ae oAOKANPN ) o€ PEPOC TNG OETUNG. To PATI 1) eTIOEPUiIdA
TOTE, EKTIBETAI TTIBAVOTATA € OAN TNV 1I0XU TG aKTIVOBOAIQC.

LASER[T §)ere

Ewova 1: Oyn dueong axtivag. Avtdg o TOTog Eival Kol 0 TTo EMIKIVOLVOG

7/11/2008
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+ O¢uara aogpaleiag arro Tnv akTivoBoAia laser -
Kivbuvol aTta JAaTia Kol aTo OEpua -

O1 KOTOTITPIKEG AVAKAQOEIC ATTO KATOTITPIKES ETTIPAVEIEG UTTOPEI va €ival aXedov
000 emlAMIEC 600 N €KBean ge atreuBeiag dEaun, IDIAITEPA AV N ETTIPAVEIA Eival
ETTITTEON. KUPTEC KATOTITPIKES ETTIPAVEIEC DIEUPUVOUV TN OETUN £TOI WAOTE, EVW TO
EKTIBEPEVO pATI 11 Oépua Oev ATTOPPOPA OAn TNV I1I0XU TNG OETMPNG, UTTAPXEI
MEYOAUTEPN TTEPIOXN VIO TTIBAVN £KBEDN.

LASER}

Ewova 2: Oyn pog kotontpikd avakAdpevng (0eutepedovcas) aKTivog amd ol exinedn
EMPAVELD, OVAKAOGNG.
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+ Otuara ag@aAeiag armro TV akTivoBoAia laser -
KivOuvol oTa JATIA KOl OTO OEPUA -

H gpedvion pog empdvelog mov potdlel pue kafpEntn mouiAAEL LE TO KOG
KOUOTOG, £TC1 1] EMLQPAVELN PTOPEL VO POLALEL e KOOPETTN 6€ KATOL0 iKY
KOPoTog GAlo 0L o€ Kamowo dAro. Kamolog umopel val deytel KOTOMTPIKES
AVTAVOKAAGELS amd L0 KOUTUAMTY EMPAVELDN aALA 0 Kivouvog eival ciyovpa
MYOTEPOC amd TOV TNG EMIMEING EMPAVELNG.

Specular Reflection

Specular Diffuse
Reflection Reflection
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Ovopootikn Covn kKivovvoyv (Nominal Hazard Zone, NHZ): O
0pos «Ovopaotiknyy Zovny Kiwvovvovy (NHZ) sivon mapo moAid
ONUOVTIKOS 6€ KAOE T TOV aQOPa TNV UCQALELD. KOTA TN Yprion
TV laser. Opiletor ¢ n {ovn péoa oty omoia 1) aktivofoiia Tov
laser pmopel va givonr €miKivovvn) Yo 70 pdtt 1 Yo 70 copa. To
néyedog avmic t™g Lovng aptdtor amé TOV TPOTO MOV M
aktivofoiio TV laser @taver Tov mapaTnpnTN: €ITE HECH TNG
artevOeiog €k0eong ot o0éoun (to NHZ pmopel vo etvor apkeTa
EKOTOVTAOES NETPO) EITE NE KATOW0 TUTO OVAKAUGIS TG OEoung
(to NHZ pmopet va sivor 0£KOTO TOV HETPOV). LT OGLVEYELO
OlvovTal OPILGUEVO TOPOOEIYLOTO VTOAOYLOHOU TG OVOUOGTIKNG
Covne kwvovvov ywo to pdtie (Nominal Ocular Hazard Zone,
NOHZ) yia 616.90p0vg TOTOVS 0130061C HLoS dEoung.
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Mominal Ocular Hazard Area

1000 Watt CO,

=

J

Area 1 mm®
lradiance 10% W/im?= Area 1 m*
Irradiance 1000 Wim*®

W FE for for & = 1400 nmand t = 10 = 1000 Wim?

lrradiance = MFPE
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Beam exit diameter d Divergence angle =)

Beam diameter
at lens d

Focal length T
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Case 3. NOHD calculationfor « Case 4. NOHD for a fibre with
diffuse reflection from a rough half divergence angle b
surface.

j_J 4 P
Aot p) Eig

;
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Méywotn Emirpent 'ExOeon (Maximum Permissible Exposure,
MPE): H péyrotn emrpent ékOeon, MPE, civan to péyroto
ENMImEO0 TNS aKTIVOPBOALOG €vOG laser 6TO 07010 £vo. ATONO UTOPEL
vo. eKTelel yopic emkivouveg ovvémeres 1 Proroyikés petaforég
610 pnartt 1 oto oéppa. H MPE kaBopiletor 0o T0 p1Kog KOROTOS
Tov laser, T™qv axtivoforovusvn evépyela Kol TN OWIPKELD TNG
ékleonc. Xe owdpopes Piproypa@ikés mNYES VTAPYOVY TIVOKES
vroAoyiopnov Tin®v MPE, avaloya pe Tic mapapéTpouvs s ofoung
laser.

H péyvotn emrpenty ékbeon, MPE, civan po amapotitntn
MOPANETPOS YW TOV KaBopiopd TG KOTAAANANG OXTIKIG
TUKVOTNTOS TOV VAIKOV TOV YOOMOV TPOCTUCLOS OmTO TNV
oKTIVOPoAla, KoO®OS Kol Yo TOV KOOOPLGHO TNG OVOMAGTIKIG

Covne kiwvovvov, NHZ.
7/11/2008
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L Ac@paleia atro tn 6éapn laser - uTTOAOYIOUOI OpPiIWY

Ontikn  Ilvkvotnroe  (Optical Density, OD): H oatwkn #mukvotnrte, OD,
YPTOLUOTOLEITUL YO TOV KOOOPIOHO TG KOTAAANANG TTPOOTAGIOS TOV HOTIOV UE
g0Kd yvaha. H ottikn mokvotnta givan Eva pétpo g eacBiviong mov vpiotatom
N oKTIWVOoPoAla TEPVAOVTOS péGE OO £ve. PIATPO Kol OLVETOL OT0 Mo AOYOPLOpIKN
GLVAPTI O] NUE TOV TUPUKAT® TUTO:

i

1]
QD =lo —
S10 [M:PEJ

0mov 0 A0Yyoc péca otV OYKOAN €ivar To avtioTpo@o TG ££acOivnong (1 M
amoppo@nTiKOTNTE) Ko M T E; tng £€660v Tov laser givon m mpoPiremopevn
rewpotepn mepintoon ocvvOnkodv £klsone (oe J/em?  W/em?) kv n MPE
EKQPaCeTan 6TIG id1EG povades pe to E. Ilpaxktikd, og amoppognon Ocmpovpe 1o
AOYO TNG TPOOTITTOVGAS WoYVOS laser mpog T owepyoOuevy, 0OV, TPOPAVAS, YU,
LKOVOTONTIKN TPOSTUSia OELovHE 1] d1EPYOUEV] PMOTELVY] £VTOON VO EIVOL KPOTEPN
1N ton ™ MPE.
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SURVEY OF OPHTHALMOLOGY vOLUME 44 « MUMBER 6 + M&Y-JLUME 2000
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B Fig. 3. An eye exposed toa Oswitched double Nd:YAG
M laser (552 nm ar 14 m], ¥ ns). Vision was lost immediately
- and never recovered bevond G6/120. Photograph was taken

2 months after injury, '5.I1ml.|n"rm.4.rul.4.| scar and the dam-

M age extending much further LI1'.-1|1 the foveal lesion, pre-
sumably about 50 pm in diameter.

~4» 7/11/2008
i

Laser Eye Injuries by Yaniv Barkana, and Michael Belkin,

Fg. 4. An eye with four accidental 5-m] exposures o Nel:
YAG laser, | vear after the injury. Scarring and contraction
around the scars are evident (courtesy al the Medical Re-

search Detachment, Waller Reed Army Instiooe of Re-
sedrch, San Anronio, Texas).
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= Vitreous hemorrhage induced by an
= Nd:YAG (1,064 nm) Q-switched laser in a
| _a» rhesus monkey eye (courtesy of the

s Medical Research Detachment, Walter

o Rgepofymy Institute of Research, San
a» Antonio, Texas)

A series of threshold argon laser
lesions in a rhesus monkey eye



http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6TCC-40S7BG8-1&_image=fig1&_ba=3&_user=83473&_coverDate=06%2F30%2F2000&_alid=285887996&_rdoc=1&_fmt=full&_orig=search&_cdi=5167&_st=4&_acct=C000059671&_version=1&_urlVersion=0&_userid=83473&md5=69580beffa60da79b10810e12baaa76e
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W Ao@aA&sia atrd tn 60éoun laser

6 Retinal injury by laser

This fundus photograph of a patient’s eye shows the effect of
a laser on the retina (white retinal cedema) with incipient
central retinal vein occlusion (note dilated tortuous veins and
scattered small retinal haemorrhages). The superior lesion
(large arrow) was caused by high energy argon laser directed
to rupture the retinal vein and Bruch’s membrane (between
the retina and underlying choreoid} in order to induce a
chorio-retnal venous shunt. The inferior lesion (small arrow)
produced a preretinal haemorrhage. Laser weapons would
produce comparable lesions.

5 Sun burn of the eye

A 22-year-cld stared at the sun while under the influence of
lysergic acid (LSD) and suffered a blinding burn to his macula
with gross permanent blinding. He remains legally blind as a
result. Lasers are capable of producing similar injuries even
mere quickly than sunlight

7/11/2008




Example of eye damage

Experience has demonstrated that most laser injuries go
unreported for 24-48 hours by the injured person. This is a
critical time for treatment of the injury.
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The Control of Fire Hazard During Cutaneous Laser

Therapy

F. Dave and P.J. Mahaffey

Beadford Laser Treatment Centre, Bedford Hospital, Badford, LK

Abstract.

This article reviews the lterature on fire hazard relating to the laser treatment of cutaneous

conditions and eollates recommended precautions. Further suggestions arve added.

Kevwords: Cutancous laser treatment; Fire; Precaulions

CASE HISTORY

A spontaneciis flash fire was experienced
during the laser treatment (TDL, Candela
SPTLI1-hb, 585 nme at 7 JJIC]II.z with a 7 mm hand
piece) of a emall forehead port wine stain. The
patient was a 4-vear-old bow with a port-wine
stain on the forehead. The procedure was
being earried out using a face mask to admin-
ister a mixture of nitrous oxide, sevoflurans
and oxvgen. The edges of the mask had been
sealed with wet gaure and the eyvebrows mois-
tened with saline. A brief Hash combustion
occurred just after the depth of anaesthesia
had been adjusted and the mask repositioned
on the mouth., The laser beam had at that
moment contacted an ink mark which had
been used to define the edges of the vascular
malformation. There was singing of the medial
two-thirds of both the evebrows but no obvious
zskin burn. The laser was placed in stand-by
mode and the affected area was cooled with
moist swabs, The procedure was then com-
pleted. There was no ecarring or permanent
hair loss on follow-up at one vear.

with general anaesthesia presents specific
opportunity for fires. There are numerous
deseriptions of the problem in the otolarvngeal
literature where leaking endotracheal tubes
and the enclosed spaces of the Upper respirat-
ory tract, together with the use of the lasers in
this area have led to adverse incident= [1,2].

We used the PubMed database to search for
other reported incidences. Our literature
search has revealed a much smaller body of
published reports on fire incidents during
cutaneous laser therapy (Table 1) Clearly,
however, from the case report which is the
focus of this article, the riek i= a real one.

We have attempted to condense the most im-
portant guidelines provided by the authors of
the biblicgraphy to this paper nto the creation
of a safe environment to carry out cutaneous
lager treatment. We have also added sugges-
tione based on personal experience and enquiry.

Laser Qperators

1. Hair should be moistened with normal
zaline or ageucus gel (eg. KY jelly as




Value of Endotracheal Tube Safety in Laryngeal
Laser Surgery

Andreas M. Sesierhenn, Anja-A. Diinne, Daniel Braulke, Burkard M. Lipperi, Benediki J. Folz,
and Jochen A. Werner, Mp*

Depargmeni of Ginlaryagology, Head and Neck Surgery, Universily of Marburg, D-35037 Marburg, Germany
é% Lasers in Surgery and Medicine 32:384-390 (2003)

TYIYYY

ﬂ

Endotracheal tube (ETT) accidentally hit by a laser beam during a CO2
laser surgical debulking procedure of an obstructing layngeal carcinoma.
The wet gauze, which protected the cuff had been displaced accidentally.
[Figure can be viewed in color online via www.interscience.wiley.com.]
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4 TABLE 4. Case Reports About ETT Ignition or Explosions in C0; Laser Surgery of the Larynx

= Author

Year

Type of tube

Procedure

Outeome

| Snow [9] 1976

Burpes= et al. [2] 19740

-
-
& Hirshman et al. [32]
-

#» De Vane [16]

#» Chiuetal. [8]
- Baur et al. [§]

@ Santos et al. [43]

- Claou et al. [15]
-

PN Kuo st al. [44]

1850

A Awan et al, [5]

> Nener et al. [45]

Uneuffed Riizch Rad
Eubbher ETT

Aluminum wrapped
FVC ETT

Cuffed PVC ETT

Aluminum wrapped

FVC ETT

Unknoen
Regular ETT

Jet ventilation teflon
catheters
Alumimum-foil
wrapped ETT
Alumimum-foil
wrapped PVC ETT
Cuffed PVC ETT

IMetal-sheathed
lazer tuhea

Vaporization of laryngeal
papillomas with the OO lazer
Vaporization of laryngeal
papillomas with the C0s lazer
Trans-trachesstomy vaporization of
laryngeal papillomas with
the CO: laser
C0y-lazer ronchoscopy

C0y-laser surgery of the larynx

Electrocauterization during
elective trachesstomy

Cz-laser surgery of the larynx

Trans-trachesstomy Cls-lazer

surgery
C0g-laser surgery of the larynx

Electrocauterization during
elective trachesstomy
C0y-laser surgery of the wocal folds

Superficial burn of the
tracheal mueosa
Mo sigmificant thermal mjury

Bum of the anterior wall of
the traches, no long-term
complications

First and second degres burn
m the supraglottic area and
hasze of the tomgue

Unlrown

Death of the patient

Unknown
Unknown
Unknown
Unknown

Tracheal stenosis following
mueosal hons

~4» 7/11/2008
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Case report
Fire during the use of Nd—Yag laser

K.K. Handa **. A.P.S. Bhalla®. Anand Arora®

* Depariment af ENT, AT India Institete of Medical Sclences, Ansard Nagar, New Defld TTO2S, Indlia
b Department of Anesthesia, AN India nstiwie of Medical Setences, Ansar? Nagar, New Deffi 11029, Tndio

Receivad 16 August 2000; received in revised form 19 May 200 accepted 21 May 2001

Abstract

Fire during the use of Wd-Yag laser is a very rare complication. A case report of laser fire during the use of
Md—Yag laser for congenital subglottic stenosis is reported. The probable causes for the fire, management and short

review of literature are dealt with. This case report highlights the importance of following the safety protocol during
laser surgery. © 2001 Publishad by Elsevier Science Iteland Ltd.

Kevwords: Laser Ore; Md-Yag laser
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1. Case report

QG 2-vear-old male childwas referred to the

ENT Lk IIMS, New Delln with
history of blmtl'uug difficulty since birth. The

child had been hospitalized outside seven times
with complaints of breathing ditbculty where he
had been treated Syddenly during the procedure there was a flash
chodilators. In his of Jight and smoke began to emanate from the
admitted in emergs |gypnaoscope. An endotracheal laser fire was sus-

cyanosis and marks pected and immediately the laser was switched off
fatled and he had ;4,4 the jnstruments were removed. Copious saline

patient alse had irx irngation of the area was done to douse the fire
tus solitus and wid ;) 4 secondly to bring down the temperature so
that the damage to the swrrounding tissues was
controlled. As the operative field was away from
the endotracheal tube, the tube had not caught
fire and was not removed. The fire was controlled
immediately. It was not a classical laser fire. as
endotracheal tube had not caught fire. The mate-

7/11/2008 .
nal to catch fire was probably the unsheathed
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BSS Avenue of the Amecicas, Néew York, NY 1{HI

Saline Soaked Pledgets
Prevent Carbon Dioxide

Laser-Induced Endotracheal
Tube Cuff Ignition

Mitchel B. Sosis, MD, PhD*

Department of Anesthesiology, Rush='resbyteran-5t. Luke's Medical Center,
Chicago, [L.

Study Objective: To defermine whether saline sooked pledgeis would protect the cuffs
of poltyuinylchloride (PVC) endotracheal tubes fram carbon dioride (O] lnser-induced
comlrustion,

Design: 12 PV endatracheal fubes were studied. The cuffed end of rach was placed
i a gradualed rylinder and flushed with 5 Limin of ocypen for 5 minules. The
endutracheal tube's cuff was ther inflated with air and the system preessure set to 20 em
H0.

Setting: Research loboralory of @ university hospital,

Interventions: Six of the endotracheal tube cuffs were protected with 1 inch by 3 inch
saline soaked pledets and six were lefl unprotectsd. A CO, laser set 1o 40 wats was
then fared at the cuffs.

Measurements and Main Results: All six uniprotected cuffs were sgnited in less than
1 second. No significant combustion oceurved al the siv pledget protected endotracheal
fube cuffs after 1 minute of loser fire.

Conclusions: Under the condibions of this experiment, saline soaked pledgels protected
PV endotracheal fube cuffs from the C0; {aser.

Keywords: Surgery: COy laser: complications: fire.

Figure 1. A plastic endotracheal tube has been inserted
imo a graduated cylinder that serves as a mock trachea.
After connecting the tube to an anesthesia machine and
circuit (not shown), it was flushed with oxygen. The cuff
was then inflated with air, the system pressure adjusted o
20 em H,O by adjusting the pressure limiting (pop-ofl)
walve on the anesthesia machine, and the cutt was erveared
with three saline-soaked pledgets prior w firing the laser
at i,




4+ Taivounon owrtaeomv Laser

® TN v ta&voéunon tov cvckev®v laser npénel va
YVOPICOVUE:
» To pkog kopartog Tov Laser
»Tn dwapkera £k0eonc

» Tg cuvONKeg TapoKoAOVONONS TGS 0EoUNG

(W A A AR AR AR A G\ N

® Kd&Oe katnyopia laser €yel o cepd omd peETpa
ELEYYOV OLoPAAELOG TTOV Dol TPETEL O1
KOTOGKEVOOTEC KO Ol YPNOTEC VA, EQAPUOCOVV
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i Laser Classification

Class 1 Safe under reasonably foreseeable operation

Class IM  Generally safe — some precautions may be required

Class 2 Visible light at low power, blink limits risk

Class 2M UV or IR light at low power, generally safe - some
precautions may be required

Class 3R(A) Safe for viewing with unaided eye, (i.e. not by telescope etc)

Class 3B Viewing beam hazardous, diffuse reflections safe

Class 4 Hazardous under all conditions, eyes and skin
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@ Ao@aAcia atro Tn 6éopun laser — rpdéTUTTA

Aiapopor opyaviolioi Exouv BeTTTioel TTOOTUTTa QOYaAsias
yia xprion laser, omwg:

§ To Bpetaviko Ivetitovto mpotomwv (British Standards Institute).Onomg givor
KOTOvVONTO TO TPOTLTO GUTA £X0VV TOV K®MOWKO BSI ko kvprotepog eKmTpoOcmmog
JUTAV TOV APOPOVV TNV ac@adiero Tmv laser givar to BSI 4803.

§ H Awebwvig Evporaiki Xoppaon (International European Convention) pe
koo IEC.

Y Xmnv EALGO0 Ta TPOTLTTO EKEIVO TOV £YOVV O NEYAAN EQOUPUOYN EIVOL GLTA TG
IEC. O EJiyvikog Opyavicuos Tormoroinens (EA.0.T) £yl vioOeTiicel moALG 00 T
TOPUTAVE TPOTVTTA KoL o oAV To wpotvma TS [EC.

Karow omé to mopomdve wpotumo E€ivor NETOQPUOREVO OTO EAMANVIKG 0o
avtioTov o TPOTVTO. 6 ayYMKY YA®ooa (6mmg Yo mapadsrypa to EN 60825-1 mov
apoépyetor omo6 to ovriotoyyo IEC 825-1 ko civor petogpaspévo Aoym g
NEYAANGS ONUOGIOS TOV) OALA 1| TAEOVOTNTA Eivon KaTEVOEiaY 6€ ayyMKN) YAMGGA.
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@ Ao@aAcia atro Tn 6éopun laser — rpdéTUTTA

To EOviké Apepikoviké Ivetitovro Ilpotommv (American National Standards
Institute). To wpéTvma avtd €rovv Tov k®OKO ANSI ko ocvykekpiuéva Kdamwouo
yopaktnpretikd tpétvma ANSI eyetikd pe ™y acedlrera Tov laser sival ta:

Kmdwog mpotumov Ofna

ANSI Z136.1 Ac@alng ypnon tov Aélep

ANSI Z2136.2 Acpaing YPNON TNAETKOIVOVIOK®OV
GUGTNUATOV OTLTIKQOV wav OV
¥PNOLULOTO10VV d10dovg Aélep ko nyég LED

ANSI Z136.3 Ac@aAng ypnom tov AELEP GE EYKOTACTACELS
vyeiog

ANSI Z136.5 Ac@olng ypnon Tov A&lep o€ EKTOOEVTIKA
wpovuato

ANSI Z136.6 Acalng xpnon tov Aélep oto vTondpo
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+ MéTpa rpooTagiac = lNNpogidotroiNTiKa anuara

DANGER

VISIBLE AND/OR INVISIBLE
LASER RADIATION

AVOID EYE OR SKIN EXPOSURE
TGO DIRECT OR SCATTERED RADIATION
LASER PROTECTIVE EYEWEAR REQUIRED

Laser type
Emitted wavelength

Pulse duration|if appropriate)
Max output

Class 4 laser

7/11/2008

-
l »
=
)
Y
-
-
| =
-
=
-
-
! »
 »
| =
! »
=
! »
-
-]
-
-
! =
B
-
S




+ MéTpa mpooTaagiagc = lNpogidotroinNTiKa aruara

L. LEFKOWITZ / GETTY IMAGES
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DANGER *He-Ne Laser

Do not stare into beam
-Never view through
optical instruments

2nua yia laser tacng 3a, ato opato, ME 10XV
e€00oU <5 mW Kal PEYIOTN TTUKVOTNTA I0XUOC <
2.5 mW/cm?.

[Mapopolo gival To oApa yia laser 1aéng 2, aTo
opATO.
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LASER REPAIR IN PROGRESS

EOLDELACK LETTERING

O miot Enker when Light is Flashing
EYE PROTECTION REQUIRED

FRED SYMEQL

LASTA AADLATI N
AVCHID EYE OR SN EXFDSURE
TO CHRECT DR SCATTERED
HADRATION

CLASE 4 LASEA FRODUCT




Practical Laser Safety - No!

Tie long hair back

Don’t drink or eat
In laser lab
Especially; avoid alcohol!

Remove watches and jewellery
(including wedding rings)
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aAvoid baggy jumpers and scarves
s»(correct temp. in lab is essential)
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Practical Laser Safety — Definitely No!

Eyes at beam height - no safety goggles
Cable hanging down . .
Hair unrestrained Lose covers

Lose clothing in
beam path

o laser screen

Jewellery

Periscope not
enclosed
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—& Tools on table Food and drink in lab .
& 7/11/2008 Area poorly lit




Practical Laser Safety - Yes!

Eyes well above beam height —¢ ¢ o ‘) =

and safety goggles available

laser screens

No jewellery or watch

Clear arms

Uncluttered optical set-up
and no tools on table

Properly secured optics

General area well lit
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S safety ‘bench’ rules

(1) Enswre all optics (lens, mirrors, etc) are seairely fastened

in the correct optical mount

(2) Ensure all optical mounis (posts eic) are securey fastened
to the optical table - not loose

*  Abways keep laser beams parallel to table surface
and preferably at one common height

(4) Always place beam stops as close as is practical to optics in set-up
(3) Never leave components or tools in optical set up

Mate: Laser heam parallel to table

A1 components fastened
securely to table -

including tIV
Mote:

Beam containment walls
around optical table Nevey leave objects
{zafety beltl) on optical tahle

7/11/2008
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¢ As in all aspects of laboratory, field, classroom, or industrial safety, the
best measures are a positive attitude and common sense.

Causes of Laser Accidents
Percentage of Occurrence

4%

1 Alignment (28%)

I High voltage (16%)
I Eyewear failure (16%)
I Nonbeam hazards (12%)
[ No eyewear (8%)

[ Malfunction (8%)

B Accidental exposure (8%)

B Improper restoration of laser

after servicing (4%)
7111/
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CASE EXAMPLE OF A LASER INJURY - a laser accident victim’s report of his

experience (From Matthews L. Laser and Eye Safety in the Laboratory. IEEE Press,
1995.)

The necessity for safety precautions with high-power lasers was forcibly
brought home to me last January when I was partially blinded by a reflection
from a relatively weak neodymium:YAG laser beam. Retinal damage resulted
from a 6 mJ, 10 ns pulse of invisible 1064 nm radiation. I was not wearing
protective goggles at the time, although they were available in the laboratory.
As any experienced laser researcher knows, goggles not only cause tunnel
vision and become fogged, they become very uncomfortable after several
hours in the laboratory.

When the beam struck my eye I heard a distinct popping sound, caused by a
laser-induced explosion at the back of my eyeball. My vision was obscured
almost immediately by streams of blood floating in the vitreous humor, and
by what appeared to be particulate matter suspended in the vitreous humor. It
was like viewing the world through a round fishbowl full of glycerol into
which a quart of blood and a handful of black pepper had been partially
mixed. There was local pain within a few minutes of the accident, but it did
not become excruciating.
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CASE EXAMPLE OF A LASER INJURY (ocvuvéyewa)

The most immediate response after such an accident is horror. As a
Vietnam War veteran, I have seen several terrible

scenes of human carnage, but none affected me more than viewing the
world through my bloodfilled eyeball. In the aftermath of the accident 1
went into shock, as is typical in personal injury accidents.

As it turns out, my injury was severe but not nearly as bad as it might have
been. I was not looking directly at the prism from which the beam had
reflected, so the retinal damage is not in the fovea. The beam struck my
retina between the fovea and the optic nerve, missing the optic nerve by
about 3 mm. Had the focused beam struck the fovea, I would have
sustained a blind spot in the center of my field of vision. Had it struck the
optic nerve, I probably would have lost the sight of that eye.

7/11/2008




CASE EXAMPLE OF A LASER INJURY (ocvuvéyewa)

The beam did strike so close to the optic nerve, however, that it severed
nerve fiber bundles radiating from the optic nerve. This has resulted in a
crescent-shaped blind spot many times the size of the lesion. The effect of
the large blind area is much like having a finger placed over one’s field of
vision. Also, I still have numerous floating objects in the field of view on my
damaged eye, although the blood streamers have disappeared. These
“floaters” are more a daily hindrance than the blind areas, because the
brain tries to integrate out the blind area when the undamaged eye is open.
There is also recurrent pain in the eye, especially when I have been reading
too long or when I get tired. The moral of all this is to be careful and to
wear protective goggles when using high-powered lasers. The temporary
discomfort is far less than the permanent discomfort of eye damage.
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Specular Reflection



Eyxavpata oto pdtio
Aekaoes Mooyofiteg Tvprodnkay amd A&lep og p&rf mapTy

TovAdyotov 29 véor €uevav oxeddv ToPAol amd 1oyvpés aktiveg Aélep moL
ypnowomomnkay oe pé maptt E£m and ™ Mooy, avakoivocsay ol vanpecieg Yyeiog
NG TOANG.

«Olot €rouv egykadpato otov apEPAnctpocdn, ot ovAég eivar opatés. H amamAein
opaone oe oplopéva meprotatikd etdvel to 80%, aAAd M amokatdotacn TG Eivot
advvatny onAwce otnv epnuepida Kommersant o@Baipioatpoc mov eE€tace TOLG
acBeveic.

Onwg avapetadidelt to Reuters, to pép maptt Aquamarine mwpaypotonomdnke otig 5
IovAiov oto Kipldy, 80yAu. PBopelroavatoikd te Mooyoc. Atyeg nuépec apydtepa,
veapoti mov elyav mdel 1o PecTIPAA apyloay vo epeavifovtal 6To VOGOKOUELd.

«EBida opécmg poe kniido Omwg OTOV  KOLTAG
Katevleiay tov MAO» avEéeepe otV €QMUEPION
évog péPep. «Tpec nuépes apyotepa AmTOPAGIO,
va Tdw 6To voookoueio. Me e€étacay, pe potnoay
av elya el 6T0 PESTIPAA KO LOV EKAVOV OUEGOGC
gloaywyn. Agv mya Kov 6T0 OTiTL Vo TOP® TO
mpdypotd pov». Ot 1010KTNTEG UG VANPEGIES
OTTIKOOKOVGTIK®MY  GLGTNUATOV OMNA®GAV  GTO
Reuters 011 10 Odvotoynua ogeileton otV
«OGYETOGOVI» TOV TEYVIKOV, KOG
fAa0e&oincav  Aélep  vmepPolkd  VYNANG
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6 Retinal injury by laser

This fundus photograph of a patient’s eye shows the effect of
a laser on the retina (white retinal cedema) with incipient
central retinal vein occlusion (note dilated tortuous veins and
scattered small retinal haemorrhages). The superior lesion
(large arrow) was caused by high energy argon laser directed
to rupture the retinal vein and Bruch’s membrane (between
the retina and underlying choreoid} in order to induce a
chorio-retnal venous shunt. The inferior lesion (small arrow)
produced a preretinal haemorrhage. Laser weapons would
produce comparable lesions.

5 Sun burn of the eye

A 22-year-cld stared at the sun while under the influence of
lysergic acid (LSD) and suffered a blinding burn to his macula
with gross permanent blinding. He remains legally blind as a
result. Lasers are capable of producing similar injuries even
mere quickly than sunlight
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FAA flight simulator
showing distraction
where the light does not
obscure vision but can

FAA flight simulator
showing veiling glare
where it 1s hard to see

Simulation of
temporary flash
blindness where the
image takes from a

through the light to the
background scene. Light .
level 5.0 uW/cm?; for minutes to fade away,
example, a legal 5 mW depending on how

laser pointer at 1,200 feet much ligh.t entered
(365 m). the eye. Light level

50 uW/cm?; for
example, a legal 5
mW laser pointer at
350 feet (107 m).

distract the pilot. Light few seconds to a few

intensity 0.5 uW/cm?; for
example, a legal 5 mW

laser pointer at 3,700 feet
(1,130 m).
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http://en.wikipedia.org/wiki/Foot_(length)
http://en.wikipedia.org/wiki/Image:Runway_distraction_anim.gif
http://en.wikipedia.org/wiki/Image:Runway_distraction_anim.gif
http://en.wikipedia.org/wiki/Image:Runway_glare_anim.gif
http://en.wikipedia.org/wiki/Image:Runway_glare_anim.gif
http://en.wikipedia.org/wiki/Image:Runway_flashblindness_anim.gif
http://en.wikipedia.org/wiki/Image:Runway_flashblindness_anim.gif

Safety distances for a

legal green laser pointer (5 mW, 532 nm)

Indistinguishable from background lights beyond 11, 712 ft
Distraction hazardto 11 712 ft

=
2 =
2 \, %

% 2
Ll

%

WL o) paezey uopdnasipfaie]s

U zc 01 plezey ak3g
) './/// ¥ zoz o) paezey ssaupulqysey Aesodwa )

Distraction example at 3,700 ft. (0.5 pWicm?)

Glare/disruption example at 1,200 ft. (5§ pWicm?)

! Near-flashblindness example at 350 ft. (50 pWicm?)

Graphic illustrating how laser pointer hazards are most serious when the
T2488er is close to the aircraft
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http://en.wikipedia.org/wiki/Image:Laser_pointer_safety_distances.gif
http://upload.wikimedia.org/wikipedia/en/2/22/Laser_pointer_safety_distances.gif

= Ag@aAela atro Tn Xpnon laser - O poAo¢ Tou Puaikou
Noagokoueiwv

« O ZupBouhog NMpoaTaaiag
aTro Ta Laser guvepyadleTal
LE TNV ETTITPOTTN
AKTIVOTTPOOTOCIAGC YIa TN
B£oTTION KAl TAPNON TWV
KAvOVWV ao@aAegiag e
VOOOKOMEIOKOUG XWPOUG
epapuoyng Laser
O EmBAETTWYV YIa TV
MpooTagia amro Ta Laser
TTPETTEI VA ETTITNPEI TN
gwaTn EQApPUOYN TWV
METPWV TTPOCTATIAG
(yuaAid, uypoi etrideapol,
PWTEIVA ONATA K.A.TT.)
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