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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 8: Guidelines for the safe use of medical laser equipment

FORFWORD

1) Thg IEC (International Electrotechnical Commission) is a worldwide organization for sfandard prising
all [national electrotechnical committees (IEC National Committees). The objec romote
intdgrnational co-operation on all questions concerning standardization in the ele vjc figlds. To
thi§ end and in addition to other activities, the IEC publishes International ards. } saration is
entfusted to technical committees; any IEC National Committee |nterested n the s e ith may
parficipate in this preparatory work. International, liaising
with the IEC also participate in this preparation. The IEC collaborates cIo Iy wit ization
for | Standardization (ISO) in accordance with conditions deterpfi he two
orghnizations.

2) Thgq formal decisions or agreements of the IEC on techniga iple, an
intdrnational consensus of opinion on the relevant subjects g ntation
from all interested National Committees.

3) Thg documents produced have the form of re ommend tio e form
of ptandards, technical specifications, ational
Comnmittees in that sense.

4) In ational
Stal s. Any
div clearly
ind

5) The for any
eqyi

6) Attg ject of
patp

The main task of [ES icq M itees is to prepare International Standards. Howeyver, a

techn ‘ publication of a technical report when it has collected

data ¢ ich is normally published as an International Standafd, for
exam

Techni necessarily have to be reviewed until the data they provide are

consi valid or useful by the maintenance team.

IEC 60825-8; which is a technical report, has been prepared by IEC technical committ¢e 76:

Opticakradiation safety and laser equipment.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting

76/180/CDV 76/194/RVC

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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This document which is purely informative is not to be regarded as an International Standard.

Terms indicated in small capitals are defined in 1.3.

A bilingual version of this technical report may be issued at a later date.

@%
S
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INTRODUCTION

Lasers emit visible and/or invisible optical radiation. In some cases, this radiation is a parallel
beam with almost no divergence. This means that the inherently high IRRADIANCE (power per
unit of area irradiated) of the laser may be maintained over considerable distances. Because of
this, the beam may be focused to a very small area, which may be hazardous to the eye.
Annex A includes descriptions of laser systems and some medical applications.

Lasers may present hazards to patients and staff. Serious risks of injury, in particular to the
eye, and/or undesired effects can result from lack of protective measures, the use of faulty
laser equipment, misdirected beams or inappropriate laser control settings.

This ¢ brated
into n ended
to tak pXists,

this g

Although the LASER USER has direct responsibility for safe N 2) { ployer
bears|the responsibility for the setting up of a framework e AL . This
guide(strongly advocates the appointment of a LASER SA KR 't0 provide expert advice
to thel employer and all personnel concerned with thg adi hsizes
the need for appropriate laser safety training for| all( staff\NRvolve n providing practical

guidapce on installation and maintenance.

&
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SAFETY OF LASER PRODUCTS -

Part 8: Guidelines for the safe use of medical laser equipment

1 General

1.1 Scope and object

This tlechnical report serves as a guide intended to give information to tiie e

Wloyer; a||1d the

USER |on the safe use of lasers and laser equipment classified as clas§ 3B on¢lass |4, for
diagnpstic and therapeutic applications in healthcare facilities. Howeyg i hould
be taken in the use of class 2 and class 3A lasers where the{patient’s /rRermal ayversion
respophse is compromised or absent.

This feport explains the control measures recommended staff,
maintenance personnel and others. Engineering contro laser
equipment or the installation are also briefly descri bf the
generpl principles of protection. However, iled t and
installation controls are not included in this arately
specified in other standards, e.g. see 1

The spbject areas covered in this guide it

— BHAM DELIVERY SYSTEMS;

— bioplogical effects of lagé

— reporting of ACCIDENTS an

— checklists.

The opject of thi other
assogiated hazards 4 utions
and uper control mes

1.2 Refere

IEC 6 61—1. A ical electrical equipment — Part 1: General requirements for safety
Amendme

Amendment 2 995)

IEC 60601-1-1:1992, Medical electrical equipment — Part 1: General requirements for sgfety —
1. Collateral standard: Safety requirements for medical electrical systems

IEC 60601-1-2:1993, Medical electrical equipment — Part 1: General requirements for safety —

2. Collateral standard: Electromagnetic compatibility — Requirements and tests

IEC 60601-2-22:1995, Medical electrical equipment — Part 2: Particular requirements for the

safety of diagnostic and therapeutic laser equipment

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, require
and user's guide

ments

ISO/TR 11991:1995, Guidance on airway management during laser surgery of upper airway
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1.3 Terminology and definitions

For the purpose of this technical report, the following definitions apply. Reference is also made,
as indicated, to IEC 60825-1 and IEC 60601-2-22.

1.3.1
accident
INCIDENT which results in an injury

1.3.2

beamdetiverysystem

fibre gptic, handpiece, micromanipulator, scanning device, etc.
See glso 2.1.106 of IEC 60601-2-22.

1.3.3
healthcare facility

any hospital, outpatient treatment centre, clinic or the like,
in vive diagnosis, or surgical or therapeutic purposes on hupian

e used for

1.3.4
high gfficiency particulate-free air filter (HEPA)
poroug filter normally used for removing particula

1.35
incidgnt
potentially dangerous situation which(could_resylt injury to the patient and/or|other
persohnel Q

1.3.6
irradiqnce
radiant flux, in w@e 3 ¥/m2. See also 3.35 of IEC 60825-1.

1.3.7
laser fontrolled ay
area Where laser

1.3.8
laser pp
persoh who~qpe s lasér controls (e.g. parameter settings, actuation switch). The |LASER
OPERATOR may also beythe LASER USER.

1.3.9
laser bser
person who controls the delivery of the laser radiation to the working area

1.3.10

laser safety officer (LSO)

person who has the authority to monitor and enforce the control of laser safety hazards, and to
effect knowledgeable evaluation and control of laser hazards. See also 3.43 of IEC 60825-1.

1.3.11

maximum permissible exposure (MPE)

that level of radiation to which, in normal circumstances, the skin or eye may be exposed
without suffering adverse effects. See also A.2 of IEC 60825-1.
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1.3.12

nominal ocular hazard area (NOHA)

area around the laser beam inside which the IRRADIANCE or RADIANT EXPOSURE is expected to
exceed the MPE. See 3.55 of IEC 60825-1.

1.3.13

nominal ocular hazard distance (NOHD)

distance from the laser aperture below which the IRRADIANCE or RADIANT EXPOSURE is expected
to exceed the MPE. See 3.56 of IEC 60825-1.

1.3.1
operalor
See LASER OPERATOR.

1.3.15
opticdl density (OD)
negatjve of the logarithm to base ten of the factor related to the Watertafs
light dluring transmission, e.g. when the transmission factor s _Q,0
transrnission factor is 0,00001, the OD is 5. See 3.78 of '

nuate
n the

1.3.16
pulse|duration

time ihcrement measured between the
of a pulse. See 3.60 of IEC 60825-1.

pedges

1.3.17
radiance

radiant flux emitted by a d
See also 3.62 of IEC 6Q82

m2sr.

1.3.1§
radiant exposure
radiant energy per u

1.3.19
radian
powe
IEC 6

.65 of

1.3.2(
remote interlock conwector

socket _on the laser equipment, allowing for a remotely connected emergency laser switch to
make isi i i issj i i afety

interlock switches. See also 3.67 of IEC 60825-1.

1.3.21

responsible body

individual or group responsible for the use and maintenance of equipment, and for assuring
that LASER OPERATORS and LASER USERS are adequately trained

1.3.22
user
See LASER USER.
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2 Hazards, goals and control measures

2.1 Eye hazards

The retina of the eye is particularly susceptible to injury from laser radiation at wavelengths in
the visible and near-infrared regions (wavelengths between 400 nm and 1 400 nm). This is
because these wavelengths are readily transmitted through the ocular media and focused onto
the retina. Due to the focusing action of the eye, the retina may be exposed to an IRRADIANCE
that is over 100 000 times the IRRADIANCE arriving at the cornea. Surgical lasers, e.g. Nd-YAG
or argon-ion lasers, thus present a potential threat to the eyesight by direct exposure to the
beam ar by specular (mirror-like) reflections from flat surfaces Furthermaore looking at diffuse
reflections from rough surfaces can be hazardous with surgical lasers at all wavelengthS:

The heat generated in retinal tissues exposed to laser radiation\can (cause™apigd and

irrevefsible damage. Injury is dependent on the total RADIANT POWE ing t the|pupil,
the lgser wavelength and its transmission through the oculag.medi ion’ of the
expodure and the size of the image formed. A precise |nJury tRreshald is\th icult to
defing. It should be emphasized that, in contrast to other S nay not

causgq significant loss of function, a retinal lesion can cause\rrevers on.

Wavelengths above 1 400 nm are absorbed in the arteri 3 a and
aquequs humour). Beyond 1 900 nm, ea\i e Heat
produced in the anterior part of the corpe (CO,)
laser may be conducted to adjacent tig 5.C& BQ r may
contirjuously vaporize surface tissue; the 3 a.can gasily be injured if accidg¢ntally
expoged to this laser beam.

Other| parts of the eye ca 21l [ laser
radiatjon. The ultraviolet is di i ifi i i blated
to different biological re

— UY-A (315 n
effects of e @
form, which may p

- U
an
cdnj

armful
igs can

ornea

vl€ad to inflammation of the cornea (photokeratitig) and
ad to the outer layer of the cornea may be temporary. Slpecial
en to those persons who may be at partlcular risk from UV

2.1.1

Any person‘who is present within the nominal ocular hazard area (NOHA) should be projected
againgthunintended laser exposure above the maximum permissible exposure (MPE) fpr the
cornea.

2.1.2 Control measures
2.1.2.1 Laser protective eyewear (goggles or glasses)

Unless there is no reasonably foreseeable risk (as assessed by the LSO) that personnel may
be exposed to laser radiation in excess of the MPE, eye protection specifically designed for the
wavelength(s) and output in use should be worn in addition to any other controls that may be in
place. “Personnel” includes the patient, LASER USER, LASER OPERATOR, anaesthetists, assisting
staff and spectators. It is one of the duties of the LSO to specify appropriate eyewear, resistant
to the power or energy levels of the treatment beam expected during reasonably foreseeable
hazard conditions. When the treatment region is close to the eye, the patient’s eye protection
should be selected carefully, since the aiming beam as well as the treatment beam IRRADIANCE
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or RADIANT EXPOSURE may exceed the MPE. Additionally, the blink reflex may be altered due to

anaesthetic drugs.

Laser protective eyewear should be clearly marked with the wavelength(s) and corresponding
OPTICAL DENSITY. Additionally, it is recommended that an unambiguous and robust method of
marking the laser safety eyewear be employed to ensure that there is a clear link to the

particular laser for which it has been specified.

The extent of the NOHA will vary according to the type of laser used and the optical properties
of the applicators used. Placement of the laser equipment and the patient within the room can

do much to control the direction and reduce the risk of exposure to errant beams.

As arn alternative to having many people in the NOHA, which would re
goggles to be available, consideration should be given to installing &/re
outside the NOHA.

2.1.2.p Eye protection with viewing optics

When using viewing optics, e.g. endoscopes, microscopgs,
lampg and other optical devices, the person(s) looking-t
proteg¢ted with a suitable filter or a shutter fitted to feduc
through the vision channel. In case of monocular (optj
protegting the unshielded eye.

The u

optics; near eye protection when th
a risk hen the fibre is out of the endos
A risk

2.1.2.

Perso i i 3 protected by means of an opaque m
tempqrari i the.windgw inside the room. For carbon dioxide las
other ichnefmitat i Rger than approximately 4 000 nm, glass may p
suffic iof i e ields should prowde sufficient protectlon a
IRRAD

the ris arrhe the LSO. For possible technical solutions, see annex B.
2.1.2.

Refle aces such as surgical instruments may focus the laser beam,
can be hazarde particularly to the eyes. Depending on the wavelength and
confiduration; diffuse/reflections like that from the irradiated tissue from class 4 lasers

also e hazardous.

any)\pd

lirs of
onitor

s, slit
Id be
ected

iyen to

flected radiation in the viewing

ere is
cope.

aterial
ers or
rovide

ainst
ied in

which
beam

1D may

a) Wall and ceiling surface or texture

The surface of the wall and ceiling should be chosen such that reflections are minimized.
The LSO should consider the risks due to possible reflections. A matt finish of any colour

will normally meet this requirement.
b) Room equipment

Glossy surfaces may be found with windows, cupboards, vent frames, fixation frames at
tables, infusion stands, sterilization cases, X-ray viewing screens, video monitors, operating
room lights, etc. Shiny surfaces may reflect laser radiation in an unpredictable way. The
LSO should identify the hazards involved and decide on the appropriate measures to be

taken. The checklist as described in annex C may be used.

D Class 3B laser diffuse reflections are not normally considered hazardous.
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c) Instrumentation

Care should be taken to prevent the unintentional reflection of the laser beam from an
instrument. If the laser beam is likely to hit an instrument, any such instruments which may

be used with a laser should either be

— convex with small radii, if polished, or
— roughened, or

— anodized.

The USER should be aware that a surface which does not reflect visible light may reflect long-
wavelength infra-red laser radiation such as that from a CO, laser. Black instruments may

absorp—sufficientenergy to become hot, Causing ummended patient ourms, T Tese mstra
may glso be significantly reflective at infra-red wavelengths. When wgrki
respirptory/digestive tract, the USER should consider that a reflected be

can perforate the endotracheal tube, possibly igniting it, with the risk Q

fire, see also annex F.

Refle¢tive surfaces are sometimes used to deflect the
inaccessible operating site. Mirrors or other reflective device
wavelengths and powers or energies employed.

NOTE | Glass mirrors may shatter if used at high laser powers.

2.2 $kin hazards

In general terms, the skin can tolerate™a gre

the eye. The biological effect of irradiationof the
to 780 nm) and infra-red (780 nm to 1
severg blisters. See annex A.

2.2.1|Goal
Every|person shoid be pro
2.2.2 | Control mea

The LSO should Qr approve the use of appropriate clothing or cove

2.3 Hire

Laserp
oxygen enrichred™atmo

produce sufficient energy to ignite flammable materials particul
zpheres.

2.3.1 | Geal

nents

upper
Liment
icheal

Brwise
laser

y than

DO Nnm

ma to

S, as

arly in

All personnel including the patient should be sufficiently protected against burns.

2.3.2 Methods of compliance

2.3.2.1 Endotracheal fires

When performing airway laser surgery in the presence of endotracheal tubes, the tube should

have adequate protection or be specially designed to reduce the likelihood of fire. For

more

detailed information on this subject, reference is made to ISO/TR 11991. Fire hazards related

to endotracheal tubes, plastics, adhesive tapes, ointment and surgical preparatory sol

utions

can be controlled by various methods. These include (but are not confined to) the use of
non-combustible surgical instrumentation, Venturi (jet) ventilation techniques, shielding with
wet substances and the use of low-combustion gas mixtures. Anaesthetics personnel should
use non-flammable, specially manufactured or adequately protected laser resistant tubes.
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Standard plastic and rubber tubes are particularly hazardous and should be avoided, unless
there is no practical alternative. There have been ACCIDENTS involving spirally wound metal
tapes and these should be avoided. If there is no medical contra-indication, the endotracheal
tube cuffs should be inflated with liquid and externally protected with wet swabs.

Since combustion may be initiated in the respiratory/digestive tract in high oxygen concen-
trations, or in the presence of oxidizing gases (nitrous oxide), the lowest possible concentration
of oxygen should be used in laryngo-tracheal procedures. In some cases where co-axial fibres
are used, CO, can be passed down the fibre at a low rate2) to minimize flammability at the
laser target site. Care should be taken to monitor p(O,).

2.3.2.p—ENdogeneous compustion

In order to avoid combustion of endogeneous gases like methane in the~ga LSt tract,
localized ventilation techniques should be employed.

2.3.2.8 Endoscope burns

Care [should be taken to avoid laser beam exposure of the ib [ optic
endodcopes since most of the sheaths are flammable. Fo ali stems
(i.e. hronchoscopes, laparoscopes, laryngoscopes), \ ed to
minimlize the risk of thermal damage to adjoining tissye.
The USER should check the proper positiQni g laser very ibre (or waveguide) |within
the endoscope prior to releasing the bt ' &

— c¢h

- inf pe. It
sh laser
trd tissue

al

Care

2.3.2.

Any n
shoul
agent
place

shiould be checked for flammability before use. The| USER
lammable agents (e.g. water-based). If the use of flammable
should be allowed for complete dispersal of the agent tp take

2.3.2.

Sponges,‘\gauze pads and swabs located near the operating field should be moistenefl with
salinj or'sterile water. If class 4 laser equipment is used, surgical drapes may catch fir¢. The
region of the drape near the operating field should be kept moistened with saline or sterile
water.

If the laser handpiece is placed on a dry region of the sterile drape, the drape may be ignited if
the laser is accidentally operated, or if the handpiece is hot following use. This may go
unnoticed. It should, therefore, become a matter of routine either to cover the aperture with a
laser-resistant cap or to put the laser handpiece in a safe holder during a treatment pause
and/or to set the laser equipment to stand-by. The laser transmission system should never be
left lying on the patient or under uncontrolled conditions.

2 The anaesthesiologist should be consulted. A typical rate is 250 cm® per minute.
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2.4 Fumes, plumes and vapours

In most class 4 laser operations, the vaporization of target tissue produces noxious airborne
contaminants. The smoke plume may contain viral particles having a respiratory size of the
order of 0,1 um.

2.4.1 Goal

Laser generated fumes, plumes and vapours should be removed from the operating environ-
ment to produce a level which is considered acceptable.

2.4.2 | Control measures

2.4.2.1l Dedicated smoke evacuation systems

Masks, including special laser surgical masks, are not recommended {0 imary
methqd of filtration.

Airbofne contaminants should be captured as near as pract noved

by logal exhaust ventilation. This should be designed to e ‘ i gnti infectious

agents are not passed downstream in the air handli i ccom-

plishgd with a portable smoke extractor using charco ith an

extragtion efficiency at this particle size of more.than}99 é ocal™e tractlon of fume¢ also
cat]

eliminates cellular debris and vapours, visibility for increased precision
and spfety.

Replaceable filters should be monitored a 3 yular basis in accordance with the
manufacturer's recommendations.

2.4.2.p High speed parti

Consideration should JieN eCti e—€yes and the respiratory tract from particles

which| may be ejecte i S t ¢ treatment site. Laser safety eyewear, if |worn,
should provide @ c i S .

2.4.2.B8 Laser plume

Whenl jet verititati during laser treatment in the upper respiratory tragt, the

2424

If the mmounts of Tsne are small, surgical suction may be used to clean the operating site|.

2.4.2. b \Scavenging system for anaesthetic gases

The scavenging system for anaesthetic gases may also be used for the removal of fumes from
the use of laser systems. Disposable in-line filters may need to be included.

2.5 Collateral hazards
2.5.1 Noxious vapours

Presently, many hazardous gases such as chlorine, fluorine, hydrogen chloride and hydrogen
fluoride are used in some laser systems. Care should be taken with their storage and to ensure
adequate removal of noxious vapours in the event of failure. Dyes and associated solvents are
often toxic. The manufacturer's handling recommendations should be rigorously observed
when draining or filling dye lasers. Skin contact with the fluid used and inhalation of its vapour
should be avoided. Waste material should be disposed of in an approved manner.
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2.5.2 Contaminants from gas containers used in endoscopy

Bacterial contaminants and metallic residues have been found in gas cylinders and pressure
regulators. Fibre delivery systems, as well as Venturi ventilation systems, that deliver gas from
gas containers to the lumen should therefore be equipped with an in-line filter to remove the
contaminants.

2.5.3 Collateral radiation

Many lasers employ high voltage, radio-frequency and intense optical sources for excitation.
These high-energy sources can be hazardous both to personnel and other equipment, if not
shielded—drdermormatcomditions, modermtaser systems aresafe hmordertoensurethys, the
manufacturer's instructions should be followed by all staff using or maintai

2.5.4 | Gas embolism
The use of gases in laser surgery in closed body cavities can lead : sm in

the patient. This risk can be minimized by using carbon dioxide, i using
a fluid. In particular, it is recommended that no gas be usedi

3 Administrative procedures

3.1 Uaser safety officer (LSO)

are’/in the RESPONSIBLE BODY $hould
ver responsibilities. More than on¢ LSO
The LSO should be suffigiently

For installations where lasers of class
appoipt a LASER SAFETY OFFICER (LSO)
may |be appointed where multiple

knowledgeable to be able tp.advise the RE Y of the healthcare facility on agpects
of laspr safety which relaté thapfacility. In small healthcare facilitigs, the
head [or a member of the R ROK ssume the role of the LSO, provided the
appropriate knowledge ) hould cooperate directly with the USERS [of the
equipment.

Locally, within the QLI AREA, there should be a designated person, suitably
trained, who ens 5 Oyday basis safety measures are obeyed. The USER may

assume this role.

NOTE | MedicaNaser &qly 15 giiently used in small clinics whose staff may consist of a single LASHR USER
and a |receptionist. B i ¢ found in the offices of physicians, podiatrists, dentists and othefs. The
requiremet A inAPLES of t e safe use of such equipment in these settings are no less stringent than when the
same gystems X i ¢’ institutional settings such as hospitals. It is the responsibility of the heglthcare

profesgional Wh is Using th& laser to be aware of the requirements for safe use. In effect, the ingividual
profesgional USER_Pecomes responsible for consideration of the recommendations for safe use outlined|in this
report.|The prefessionakghould assume the administrative responsibilities of the LSO, as well as seeing [that all
nationgl regulations are met and non-governmental controls are in place. This means that he or she should be
trained| inMaser safety issues, and be responsible for, among others, the LASER CONTROLLED AREA and its \varning
signs, preper—tse—ofprotective—eyewear—and—other—safety—measures—both—forprotection—ei—the—patent—antd other
personnel who may be potentially exposed to hazards associated with laser use. The individual should also be
responsible for maintenance and other practices required for the safe operation of the healthcare laser equipment
he or she is using.

3.1.1 Duties and responsibilities of the LSO
3.1.1.1 Duties

The primary duty of the LSO should be to support and advise the RESPONSIBLE BODY with
respect to the safe use of lasers and protection measures.
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3.1.1.2 Responsibilities

More specifically, the responsibilities of the LSO include:

a) performing a hazard assessment of laser treatment areas, including the determination of
the nominal hazard area; a scheme of a risk assessment should be followed (see annex C);

b) giving advice to the administrative head and to the responsible person in the area about
safety issues when purchasing and putting into operation the laser equipment as well as
operational and occupational safety measures;

c) choosing personal protective equipment;

d) cantributing—to—the—educationofemptoyees—who—work—with—or—ctose—to—tasers—about the
hgzards and about the safety measures;

e) cgntributing to the checking and approval of laser equipment/ascording\to national
regulations and verifying that the maintenance and service of the&g serformed
by persons who have been trained for that purpose or are other

f) ensuring, by repeated auditing, that the prescribed contrg e , e.0.
checking that personal protective equipment, laser radiatio S ager signs are
in|place, verifying standard operating procedures, al ‘ €S, peri-opgrative
checklists;

g) prnoviding information to the administrative head b area
about shortcomings and failures of the laser eg

h) inyestigating all ACCIDENTS and INGfDENTS MOl ing i [ e 3.3)
o i 3 ' of the
fagility.

Additipnal responsibilities may include

i) dgciding about technical and grgan

j) agvising employeegworking wit

k) withdrawing

[) initiating me

m) ligising with natigx

3.2 Medical

In the n into

consn[er

a) th ical surveillance of laser workers is a fundamental problem gs yet
unresetved by theé medical profession. If ophthalmic examinations are undertaken] they
shouldbe carried out by a qualified specialist and should be confined to workers|using
class 3B and class 4 lasers:

b) a medical examination by a qualified specialist should be carried out immediately
(i.e. within 24 h) after an apparent or suspected injurious ocular exposure. Such an
examination should be supplemented with a full biophysical investigation of the circum-
stances under which the ACCIDENT occurred;

NOTE Specialists performing ophthalmic examinations should be aware that many retinal lesions can be
incorrectly attributed to laser damage (see Mainster MA, Sliney DH, Marshall J., Warren KA, Timberlake GT,
Trokel SL, But is it really light damage?, Ophthalmology, Vol. 104, Nr. 2, February 1997, Guest Editorial).

c) pre-, interim- and post-employment ophthalmic examinations of workers using class 3B and
class 4 lasers have value for medico-legal reasons only and are not a necessary part of a
safety programme.
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3.3 INCIDENT and ACCIDENT reporting

3.3.1

INCIDENT reporting

Any INCIDENT Or ACCIDENT arising from the use of the laser should be reported immediately to
the LSO. Further use of the laser should be suspended until the LSO has made an
investigation and taken steps to ensure that the INCIDENT or ACCIDENT cannot recur.

The LSO should carry out an investigation of any INCIDENT, develop recommendations to
prevent recurrence and supply a report to the RESPONSIBLE BODY. The latter, in consultation
with the LSO, is strongly advised to circulate the recommendations resulting from the
investgatiomatteastto

— al
- th

The U
LSOs

NOTE
strateg
recom
that IN
the sit
moder
beside
the se
‘mouth
adequs

Any IN
is an i
empha

3.3.2

AccID
sever

systemn is in opera

3.3.2.

Not d

3.3.3

Wher
of the

other LSOs of the healthcare facility;
e biomedical engineering department, as appropriate.

It is understood that any INCIDENT needs an action. Actiof \
es (recommendations) and the distribution of informatigh—a glong with pre

hendations to all persons who are likely to be subjected to r. It'is therefore ma
IDENTS which have happened are not allowed to be kept/secyety i ate people to freel
ation, they should not be subjected to sanctions. | i < and more become

management techniques, e.g. in terms, of qualit assuxance NT prevention. It appea

the United States FDA activity about g6llecting anth reporting’ of @

to mouth’, but solid facts are rare. Howe RENTS/and ACCIDENTS is the best b
tely aimed counter-measures. Therefore, a-fsgalized standaxdized reporting system would seem worth

Gized.
ACCIDENT I’epOI’t

ENTS invo@la
b injuries should

afects in the equipment which could have Iqg
» central health authority if a country-wide ref

b an(INCIDENT Or ACCIDENT involving a laser is suspected, the LSO should prepare a
circumstances. The report should contain at least the following:

. The

ventive
ventive
hdatory
report
part of
s that,
h about
f them
hsis for
while.

ht. This
ities is

ad to
orting

report

a) asummary of the circumstances of the INCIDENT that led to an injury, which should specify

1)
2)
3)
4)
5)
6)

the date, location and time of the INCIDENT,

the names and designations of all staff and other persons involved,
the details of the experience of the injured person,

apparent contributing factors to the INCIDENT,

the LSO’s recommendations to prevent a recurrence, and

the obvious or suspected nature of any injury sustained by the person;

b) full written statements from all persons (including the LSO and, if practicable, the USER
and/or OPERATOR) who were engaged in the procedure in question and who can give any
information relevant to the occurrence of the INCIDENT;
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¢) medical reports on any injured person;

d) full details of the type of laser product including, in particular, the condition of the equip-
ment immediately after the INCIDENT;

e) listing of equipment in use during the procedure with appropriate identification information.

3.4 Maintenance and inspection

34.1

Acceptance testing

It is recommended that medical laser equipment which is obtained for use in a healthcare

facility
into s
recom
equip
relate
accor

NOTE
be put
market

needed.

3.4.2
The U
may 4

4 Tr

The €

Laser

The R
laser
trainin
regulg

5 La

5.1 1

d functions like alignment and power transmission throug
ling to the manufacturer's recommendations).

Inspection schedule

SO should establish an inspecti
e necessary on a daily basis to c
hining recommendations

safety traini
ESPONSIBL@

risks. Any perg

he laser controlled area

ing put

Lltis
dical
laser-
nents,

wed to
allows
bting is

ctions
rly.

ent of
safety
dated

A LASER CONTROLLED AREA should be established around the laser whilst it is in use and when
there is a risk of the MPE levels being exceeded within that area. The occupancy and activity of
all persons within that area will be subject to control and supervision to prevent exposure to
laser radiation in excess of the MPE levels. The boundaries of such areas should be decided
by the LSO as part of the risk assessment but will commonly be the walls, floor and ceiling of

the ro

om in which the laser is to be used.

In certain circumstances, a curtain may be an acceptable method of defining the boundaries of

the ar

ea for use with lasers with sufficiently diverging beams.
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5.1.1 Warning signs

Every entrance to a LASER CONTROLLED AREA should be marked with a laser warning and other
signs according to national requirements. It is often advisable to include information about the
type of laser in use so that the person reading the signs is in no doubt as to what type of eye
protection is required.

Warning signs are more effective if they are displayed only when the laser equipment is
connected to the mains or in use.

All warning signs should be placed at eye level to maximize their visibility.

5.1.2 | llluminated warning indicators

In sor nings
must

A typi rance
to the 5e.

Altern aution

— Las
Humi

5.2 Windows

Refer|to 2.1.2.3.

5.3 Walls

Refer|to 2.1.2.4@

5.4 Door switche

In ver may be necessary to fit a door switch in conjunction with
the R h pOR to disable the laser if the door to the working afea is
opendd. } ST terryptions may introduce unnecessary and possibly serious @lelays
to a tf ing a laser to control bleeding). If door locks are to be consiglered,
the L$ & fire and safety adviser at the HEALTHCARE FACILITY.

It is upually better to~adopt a safe working practice.

5.5 Fire protection

It is recommended that a syringe containing at least 500 ml of sterile water or saline be placed
in a convenient position near the operating instruments for use in extinguishing smoldering
drapes or small fires.

Where laser procedures are likely to cause fires, consideration may be given to providing CO,
fire extinguishers in a readily accessible position near or inside the operating theatre. The LSO
should be consulted on the desirability of providing fire extinguishers.

5.6 Fume extraction

Refer to 2.4.
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Annex A

Biological effects, hazards, laser equipment technology

A.1 Biological effects and hazards

This clause is taken from annex B of IEC 60825-1.

The mechanism by which laser radiation induces damage is similar for dll b|0||cal systems
and nmjay involve interactions of heat, thermoacoustic transients and phgto sses.
The degree to which any of these mechanisms is responsible for danms \ ed to
certaip physical parameters of the irradiating source, the most important I e Wwave-
length, PULSE DURATION, image size, IRRADIANCE and RADIANT EXf

In geheral terms, in suprathreshold exposures,
related to the PULSE DURATION of the _exposure. Thus

roadly
ATION,

the p econd
expos nd, in
exces

Laser beam
collim ! nts of
energly being transmitted to biological fissues. The\p [ iation

and is a wavelength specific process. |Thus,
it is the wavelength that dejerqines iCh a particular laser is liable to damage. When
sufficlent radiation_energy | bed by a system, its component molegcules
experjence an ie V|br ion, an increase in heat content. Most laser dgmage
is dug¢ to the h ating issue or tissues. This thermal damage is Usually
confir : ding eitlvér side of the laser energy absorbing site, and céntred
on th¢ 8 vithin this area show burn characteristics, and tissue dgmage
primayi aturation of protein. As indicated above, the occurrence of secqndary

damal WS, i B[ inpacts can be related to the time course of the tissue hgating
reactipn wht i 0 to the PULSE DURATION of the laser. If a CW or long pulsq laser

systefn 8 tissue, then because of conduction, the area of the slystem
exper mperature is progressively increased. This spreading thermal front
resultp i in¢reasing damage zone as more and more cells are raised above their tHermal

tolerance. mage size is also of great importance, as the degree of peripheral dpread
rea of
3 . . pulsed
lasers. On the other hand, damagmg effects can be the direct result of specific molecular
absorption of a given light. This process is created by absorption of given light energy. Rather
than releasing the energy, however, the species undergoes a chemical reaction unique to its
excited state. This reaction is believed to be responsible for damage at low levels of exposure.

Short-pulse high-peak power (i.e. Q-switched or mode-locked) lasers may give rise to tissue
damage with a different combination of induction mechanisms. Energy is delivered to the
biological target in a very short time and hence a high IRRADIANCE is produced. The target
tissues experience such a rapid rise in temperature that the liquid components of their cells are
converted to gas. In most cases, these phase changes are so rapid that they are explosive and
the cells rupture. The pressure transients may result from thermal expansion and both may
also result in shearing damage to tissues remote from the absorbing layers by bulk physical
displacement.
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Some biological tissues such as the skin, the lens of the eye and, in particular, the retina may
show irreversible changes induced by prolonged exposure to moderate levels of light. The
changes are the result of photochemical reactions arising from the activation of molecules
induced by the capture of photons. Such photochemically induced changes may result in
damage to a system if the duration of irradiation is excessive, or if shorter exposures are
repeated over prolonged periods. Some of the photochemical reactions initiated by laser
exposure may be abnormal, or exaggerations of normal processes.

All of the above described damage mechanisms have been shown to operate in the retina, and
are reflected in the breakpoints or changes of slope in the safe exposure levels described in
IEC 60825-1.

Tahle A.1 — Summary of pathological effects associated with excessive Wht
LN\

CIE spectral region * Eye /\ \S{in

Ultrajviolet C Photokeratitis Er he a Waued

(180 phm to 280 nm) skin ageipg
Ocess

Ultrajviolet B ed

(280 hm to 315 nm) ment

Ultrajviolet A Photochemical cataract
(315 hm to 400 nm) dar

otosensmve
ctions
Visible Phot he rmal etmal Skin burn
(400 hm to 780 nm) injury
|na

Infrafred A act,

(780 hm to 1 400 nm)

Infrajred B \( Aqu flar tagacy; corneal
(1 40P nm to 3 000 nm) N burn
Infrayred C \/\ WW

(300Pp nmto1l mm

* The spectral re 0 ined b the IE are uSeful in describing biological effects and may not dgree
perfectly with spectral ins in les.

A.1.1| Hazafkds to

Visiblg
necegsary

sers are a special hazard to the eye because the very properties
e an effective transducer of light result in high RADIANT EXPOSURE
being|presente ighly pigmented tissues. The increase in IRRADIANCE from the cormea to
the retina issapproxinrately the ratio of the pupil area to that of the retinal image. This ingrease
ariseq hecause the light which has entered the pupil is focused to a "point" on the retina. The
pupil [ssa“variable aperture but the diameter may be as large as 7 mm when maximally dilated
in the young eye. The retinal image corresponding to such a pupil may be between 10 um and
20 pum in diameter. The increase in IRRADIANCE between the cornea and the retina is between
2 x 105 and 5 x 105. If an increase of 5 x 105 is assumed, a 50 Wm-2 beam on the cornea
becomes 2,5 x 107 Wm-2 on the retina. In this guide, a 7 mm pupil is considered as a limiting
aperture as this is a worst-case condition and is derived from figures obtained from the young
eye where pupillary diameters of this order have been measured.

If an intense beam of laser light is brought to a focus on the retina, only a small fraction of the
light (up to 5 %) will be absorbed by the visual pigments in the rods and cones. Most of the
light will be absorbed by the pigment called melanin contained in the pigment epithelium. (In
the macular region, some energy in the 400 nm to 500 nm range will be absorbed by the
macular pigment.) The absorbed energy will cause local heating and will burn both the pigment
epithelium and the adjacent light sensitive rods and cones. This burn or lesion may result in a
loss of vision.
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Depending on the magnitude of the exposure, such a loss of vision may or may not be
permanent. A visual decrement will usually be noted subjectively by an exposed individual only
when the central or foveal region of the macula is involved. The fovea, the pit in the centre of
the macula, is the most important part of the retina as it is responsible for sharpest vision. It is
the portion of the retina that is used "to look right at something". If this region is damaged, the
decrement may appear initially as a blurred white spot obscuring the central area of vision;
however, within two or more weeks, it may change to a black spot. The loss of central vision is
very serious. Peripheral lesions will only be registered subjectively when gross retinal damage
has occurred. Small peripheral lesions will pass unnoticed and may not even be detected
during a systematic eye examination.

In the wavelength range from 400 nm to 1 400 nm, the greatest hazard is retinal damage. The
cornep, aqueous humour, lens and vitreous humour are transparent for radiation of |these
wavelengths.

In thg case of a well-collimated beam, the hazard is virtually in igtance
betweden the source of radiation and the eye, because the retinal tq be a
diffragtion-limited spot of around 10 um diameter. In this case,As ilibrium,

the retinal zone of hazard is 25 um minimum in size.

In theg case of an extended source, the hazard is again_virty ] e igtance
betwden the source and the eye, because then the setina R ; n the

pasing
ance,
emain
azard
ard is
ge and a corresponding reduction of

In thg case of a point-type, divergin heam

the collected power increases, while the
diffragtion-limited (due to the accommedation

occurp at the shortest accommodation| distangce.
also reduced, as there is afapid growtR ofetin
\ a

the IRRADIANCE, even though

For the purpose of this|re 8 modation distance of the human eye is|set to
100 mmm at all wayvelgngthsNragmm 2Q0Ngm Mo 1 400 nm. This distance was chosen|as a
compfomise, be all but § ou gopeqple.dnd very few myopics cannot accommodate their
eyes (o distances™\of his distance may be used for the measuremgent of
IRRAD|ANCE in the

For waveleng ~ n or more than 1 400 nm, the greatest hazard is damage to
the lens o QIrNe ending on the wavelength optical radiation is abgorbed
prefedent; r exclosi Iy Dy the cornea or the lens (see table A.1). For divergingibeam
sourcgs int-type) of these wavelengths, short distances between the qource
and the eye i

A.1.2| Skin.hazards

In general terms_the skin can tolerate a great deal more exposure to laser beam energy than
the eye. The biological effect of irradiation of the skin by lasers operating in the visible (400 nm
to 780 nm) and infra-red (780 nm to 1 mm) spectral regions may vary from mild erythema to
severe blisters. An ashen charring is prevalent in tissues of high surface absorption following
exposure to very short-pulse, high-peak power lasers. This may not be followed by erythema.

Pigmentation, ulceration and scarring of the skin, and damage of underlying organs may occur
from extremely high IRRADIANCE. Latent or cumulative effects of laser radiation have not been
found prevalent. However, some limited research has suggested that, under special conditions,
small regions of human tissue may be sensitized by repeated local exposure, with the result
that the exposure level for minimal reaction is changed and the reactions in the tissues are
more severe for such low level exposure.
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A.2 Maximum permissible exposure (MPE)

The maximum permissible exposure (MPE) is that level of laser radiation to which, in normal
circumstances, the eye or the skin may be exposed without suffering adverse effects. These
levels are related to the wavelength of the radiation, the PULSE DURATION or exposure time, the
tissue at risk and, for radiation in the range of 400 nm to 1400 nm, the size of the retinal
image. The published MPEs are based on exposures causing the minimum injury that can be
observed clinically. They vary considerably with the duration of the exposure and the
wavelength of the laser radiation, and are lowest in the visible and near infra-red wavelength
ranges where the lens, aqueous and vitreous humours are reSasonany transparent The power

radiat
super
Detalil
IRRAD
ocula
boundaries of the LASER CONTROLLED AREA within
is suljject to control and supervision f
(see glause 13 of IEC 60825-1).

on as a series of pulses or in several
mposed upon a continuous wave background, calculdti
s of the method of calculation are given in IEC 6083
ANCE or RADIANT EXPOSURE equals the appropri
hazard distance (NOHD). The NOHD should

IDENT
ange,
eisa
nergy
B25-1.
ot be
emits
5 are
nplex.
beam
minal

ing the
sonnel
dzards

A.3 |Laser equipment technology

A.3.1| Laser radiation souxces

Most media
and s ength
Norma asers
allow r than
the ru range
from (less
than 8 UNrasvwiolet Power output ranges from a few mrllrwatts to many tens of
watts |i many
joules tissue
intera ing:

- oy

cantinuous or pulse output;

p

lse lenath:
1o T

pulse repetition rate;

tissue type.

The coherence property of laser radiation is important only for external purposes, as coherence
is soon lost on penetrating tissues where absorption and scatter predominate.
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A.3.2

A.3.2.

Laser radiation delivery systems

1 General

All lasers require a means of transmitting the radiation or light to the treatment site: this is
known as a delivery system. The laser wavelength determines the type of delivery system. The
four types in common use are:

a) direct delivery;

b) articulated arm;

c) hollow flexible waveguide;

d) fig

At thdg

Comnpon applicators are:

1) le
2) sg
3) sh
4) m
5) di
6) m
7) sq

A.3.2,

Laser
syste
witho
either
mean

A.3.2.

Since
delive
which

mirrois.

Becal
powe

re optic.

treatment site, one of a number of applicators may be attached

nses;

pphire contact tips;
aped or sculpted fibres;
ptallic or ceramic tips;
fusers;

cromanipulators;

anners.

2 Direct delivery

tissue

stem.

pointers, patient positio Imic lasers are examples of direct de¢livery
S. The laser ene I from the emitting aperture to the tissue (With or
t focusing lenseg I ontrolled by switching the machine on ¢r off,
by a pres@tt m may be 'steered' by hand or by mechjanical

5.

3 Articula

some wavelergt hose from a CO, laser) are absorbed by glass, they cannot be

red glass fibres or lenses. An articulated arm has been developed
allow iation to travel through a hollow arm using a system of reflpcting
s

se rdadiation fgm ultra-violet or infra-red lasers like the CO, laser is invisible, [a low
visible laser, typically helium neon (HeNe) or diode laser, is used to designate the ftarget
. The invisible and aiming lasers are optically combined to coincide at the applicgtor or

handpiece. They are reflected from special mirrors placed at the front of each joint of the arm

and e

merge as a coincident, collimated beam.

The articulated arm may be coupled to applicators such as a handpiece, micromanipulator
(microscope attachment), rigid fibre delivery system, waveguide or rigid endoscope. The

applic

ator can include a lens to focus the beam.

Limitations of an articulated arm

Restri

ctions have been made because

a) the laser energy delivery is restricted to the 'line of sight' or along straight segments of a
delivery path;
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b) the arm is liable to be bumped, which can result in optical misalignment. The aiming beam
and CO, beam should be regularly checked for coincidence and spot shape, before and
during use. To avoid damage or misalignment, the articulated arm should be safely secured
for transport and when not in use;

c) the sterilization procedures specified by the manufacturer should be rigorously observed,
otherwise expensive lens/mirror coatings may be damaged,;

d) dust and grease from hands can adversely affect the optics of mirrors or lenses.

The articulated arm transmits a collimated beam which is potentially hazardous, particularly if a
handpiece or lens is not fitted. The collimated beam diameter changes very little over distances
of some metres, so the IRRADIANCE can be high enough to cause injury, fire or physical damage
at a djstance from the laser aperture.

A.3.2}4 Hollow waveguide
Many|of the limitations of articulated arms have been overcome, |n Rart\by

hollow waveguides which may be flexible. These devices conSis
reflecfive internal coating through which the laser energy can be\delivexe

A.3.2/5 Fibre optic

Laser| energy can be focused by a lens into a gl
diverdent beam at the fibre tip.

In medicine, the flexible endoscope m 3¢ nology for vision and fgr light
sourcg input. Similar fibres can also be use of different laser wavelepgths.
Argon i Nd-YAG) lasers commonly use this
technplogy in their delivery systems.

In thel case of invisiblenea |nf 8 J¥.g. a Nd-YAG laser at 1,064 nm, a Yisible
aiming beam is usuall i W atment beam at the source to prodyce a
coincident beam. he 3 a_visihleNasex beam can be reduced to a safe level to pfovide
the sdirgeon W|t [ indi [ < y, the
safety shutter limi

Typ|cally, the f|b e de B s gcope.
Accor bntact
mode

Fibre uid to
cool the tip and remve debris. This system can be used only in a non-contact modg. The
additipn of a_separatetip will allow the system to operate in a contact mode.

Extreme caution should be exercised when using gas cooling of fibre optic delivery systgms in
confined body cavities or vascular areas; in some instances, this practice has resulted in fatal
gas embolisms.

Limitations of fibre delivery systems

To obtain optimum performance, it is necessary to understand the limitations of the fibre laser
delivery system.

For a given power output, any observed change of laser effect on the tissue should be
investigated for potential or actual hazards. The likely causes and effects of altered laser
performance are as follows:
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a)

b)
c)

d)
e)

f)

9)

a)

b)

potential separation of the ferrule from the fibre, due to excessive heating from
contamination of the non-contact fibre;

fibre breakage caused by undetected crimps in the fibre;

severe damage to endoscopes, due to firing of the laser while the fibre is inside the
endoscope;

fibre breakage, due to use in unsuitable types of endoscopes;
fibre breakage, due to harsh bending, dropping or ‘nicking’ by a sharp object;

failure to allow adequate cooling time for fittings, particularly metal fittings, at either end of
the fibre delivery system following laser use, has resulted in cases of tissue burns on

patients and OPERATORS. Instrument damage has also occurred:;

U9ERS should be aware that the diameter of the treatment beam from 3 Br can

bqg larger than that of the aiming beam.

A.3.2/6 Handpieces and applicators

Applicators with focusing lenses

Fqcusing lenses are frequently used in applicators to CE or

refuce the diameter of the beam at the target tissue- lens,

the icator

le ion in

which the beam remains relatively small).

Li

TH

- ect to
the target

- i arge;

- in lens
applicator sys , Where
loose or \&

- ay be

S4

Artificj e Nd-

YA imit the

tre come

in ed for

different-applicatjgns. The tip acts as a lens on the end of the flbre delivery system,

allowing’ a reduction in the laser energy required to produce the desired effect. The

maximum laser energy typically recommended is up to 20 W, otherwise tip damag¢ may

c)

result.

The tips improve the cutting characteristics of the laser by shaping the beam and modifying
the energy distribution to the tissue, and allowing greater control of the depth of penetration
of the Nd-YAG laser. They also enhance coagulation by permitting direct contact with the
tissue. Sapphire tips concentrate the laser light and are a thermal source. Simple coupling
can be used to screw on the various types of sapphire tips.

Shaped fibres

In another approach to contact laser surgery, the tips of the fibres can be sculpted to
conical or hemispherical shapes. The advantages claimed include avoidance of the need
for a tip coolant and less susceptibility to breakage than a sapphire tip. The resultant
shapes are usually smaller and narrower than sapphire tips, and are generally not suitable
for re-use.
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etallic or ceramic tips

Laser energy can be used to heat a metallic or ceramic tip to a temperature where the tip
can be used as a recanalization probe. A guide wire allowing the tip to track the lumen of a
blood vessel is sometimes provided. The metal tips are sometimes provided with a small
sapphire ‘window’ which allows transmission of part of the beam to treat obstructions.

e) Diffusers and photodynamic therapy probes

These probes incorporate a diffuser which spreads the laser light over a relatively large
treatment area. To take advantage of the photochemical properties of certain laser
wavelengths, a fibre optic delivery system with a diffusing applicator attached has been
developed. The diffuser shape determines the energy distribution to the target tissue.

A.3.2]7 Micromanipulators

Micro

energl to the tissue to be treated.

A.3.2)8 Scanners

Scanners use devices such as moveable mirrors to de
in a well-controlled manner.

manipulators and endoscopes use a joystick which controls &

&

laser



https://iecnorm.com/api/?name=6b92d07458b2d7c58798fdf7e43fed35

TR 60825-8 © IEC:1999(E) —27 -

Annex B

Window shielding

Many medical laser applications take place in rooms, such as operating rooms, which have
windows. In these cases, it may be necessary to provide window shielding so that the NOHA is
restricted to the room boundaries (walls, ceiling, floor). Consideration of whether shielding is
required and what type of shielding is appropriate depends on:

- th - :QQCI VVQVC:UIIUth(Q),

— the IRRADIANCE and RADIANT EXPOSURE at the window;

— the need to use the window when the laser is not in operation;

— the fire and/or heat resistance of shielding materials;

— the ease of attachment/detachment of shielding;

— the infection control.

B.1 |Laser wavelength

B.1.1| Greater than 4 000 nm

Generally, normal window materials are

B.1.2| Less than 4 000 nm

All wa indow
mater

B.2

In sof v that
the M Qwevegr, there is any doubt, the radiation transmitted by the
windo

B.3

The | > ant in
determining the type 6f shielding.

For wavetengths—greaterthanr4-000rnm,tmder—exceptional—circumstances—gtassmay—shatter

due to thermal stress under high IRRADIANCE. The flammability of materials needs consideration
if the IRRADIANCE or RADIANT EXPOSURE are sufficiently high. For most medical laser equipment,
these kinds of problems occur only when the beam is almost parallel (of low divergence).
Normal, focused laser beam delivery is not necessarily considered to be critical in that respect.

B.4 Attachment/detachment

Detachable shielding should be easily and quickly attached and removed, and accessible only
to persons in the LASER CONTROLLED AREA.
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Examples of shielding and attachment are:

— opaque plastic sheets hung on hooks;

— opaque cloth fixed by Velcro-type strips;

— shutters;

— blinds;

— curtains.

Whatever the material and method used, the LSO should evaluate the chosen solution to

ensure that there are no gaps in the shielding. Gaps are most likely to occur at the edges, for
example a curtain being moved by air currents or by staff brushing against it.

@%
S
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C1

Annex C

Checklist for laser installation

General

This annex gives guidance on the steps to be taken during the installation of a laser in a
HEALTHCARE FACILITY. It is assumed that a LASER SAFETY OFFICER has been appointed to

overs

ce the process. The following steps may prove helpful in assessing the risk(s)

f any

laser

C.2

- en
— LA

— safety organization (could be safety committee and/or ré

— IN
r

D

C.3
C3.1

— ty

— wavelength(s);

- pd
- C

— b
— dy

assification (dete
— type approve a

nstallation.

Identify

hployer of authorized personnel;
SER SAFETY OFFICER;

CIDENT and ACCIDENT reporting procedure (to ta ote ional and sta

uirements).

Determine background infor
Details of laser

pbe (make, model, manufacturer,

wer/energy/tempg

ded: solvents, additives, mixing, etc.);

erating equipment;

— sn

noKe extraction;

C.3.3

drapes.

Application

Medical procedures to be undertaken.

C.34

Life cycle

tutory

Identify the parts of the life cycle for the laser installation to be considered by the healthcare
facility, e.g.:

— delivery to the healthcare facility;

— installation;
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— commissioning;

— training on use (for each application);
— normal use (for each application);

— maintenance;

— servicing;

— modification;

— decommissioning;

— removal from healthcare facility.

NOTE | It is important to recognize that some hazards not specified in C.3.1 and C.3.2 ma
some dections of the life cycle and that each section of the life cycle may put different peop

C.4 |Assess risks
C.4.1| General

It is ppssible to divide the laser installation into a series of
(and therefore the risks) associated with each module. The
— the laser process, e.g. what is the beam being usg
— the beam delivery system — how does it get t

— the laser assembly — where does iKco

— the room and other equipment;
— the people.

Hazards can be split into
during the appropriate sectignsgf the

C.4.2| Laser beaz
C.4.2]1 Nominal
c.4.2 ¢ protective eyewear needed to reduce
foresd S ow the MPE for the eye for each application.

rea) for each application.

C.4.2 ecification’of appropriate protective clothing for each application.

C.4.3

C.4.3]|1 , Identify control measures for relevant section of life cycle.

he accessiblg during

zards
E:

and others. Identify risks from hgzards

reasgnably

C.4.3.2 Assess adequacy, i.e. whether risk is acceptable.

C.5 Define

C.5.1 Laser controlled area
C.5.1.1 Boundaries

— walls (reflections);

— windows (locations, transmission, blinds etc.);
— doors (positions, viewing panels, etc.);

— ceilings.
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C.5.1.

2 Installation

— warning signs (positions);

— remote interlock(s) (use or not);

— uti

lities (water, air, gases, power);

— fire precautions (extinguishers, blankets, etc.).

C.6

Authorize and train personnel

This 4
be mg

— cli
- te
— ot
- m

C.7

C.71

The
instal

C.7.2

Pre-u
shutte

C.7.3

INCIDE

C.8

cs8.1

Arran
audit

PPIES 10 sarety training. Each organization snould Set clinical requitements Which g
t by USERS:

hical USERS (including paramedical staff);

Chnical USERS (manufacturers, engineers, bio-engineers, etc.);
her USERS;
hintain training records (may be formal training and o

Write operating procedures

Operating procedure

Dperating procedure should contaj
ation and the operating instructio

¢ safety requirements (¢

Pre-use testing

e testing shoulg
r, control mecha

INCIDENT p
NT proced
Audi

Instala

jements shotld’be made to audit the installation annually and to train other pers
t periadically. Records of periodic audits should be maintained.

hould

f the

ower,

bns to

c.8.2

Risk assessment

It may be necessary to formally record the significant findings of the risk assessment to satisfy
local, national or statutory requirements. The risk assessments may also need regular review,
in particular when new applications are to be carried out.
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Annex D

Laser safety training

The following syllabus is recommended for laser safety training. It should be adapted in length
and content by the LASER SAFETY OFFICER to suit the laser equipment to be used and the role of
the persons involved.

The syllabus is not sufficiently detailed for the training of the LASER SAFETY OFFICER.

This
indic

Clluaracteristic features of laser radiation emitted from different types of|

Generation of laser radiation and hazards

Principles of quality assurance

Equipment management

Lgser-tissue interactions

Effects of exposure of eye and skin to laser radiation

Lgser safety management, role of the LSO suspected cas
adcidental exposure

LASER CONTROLLED AREAS, — bound

Personal protective equipment

Hazards from reflection or absorption ith respect to instrument
other substances, and hazards assgciat 1\ an etic mixtures

Precautions to ensure kin and eyes of those present i
than the maximum perfriss

Hazards to the pati a [ate itf er treatment procedures, and methg
m{nimising ris

In

at

Pri

es of

s and

5 less

ds of

quids,

es an
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Annex E

Inspection schedule

E.1 General

Although the USER cannot undertake the complete testing and maintenance of a laser and its
accessories, there are some important items that should be checked prior to commissioning
and dyuring the service life of a laser. The design and applicability of individual tests will depend
on thg type of laser. Checklists supplied by the manufacturer should be observed.

The recommendations in this annex should not be considered as e universally
appligable. They outline general inspection and testing procedures.

The 4SO should be responsible for either carrying out these t far & quialified
persoh to do so.

E.2 |Quality assurance (QA) tests

E.2.1| General

Regular testing of the following equip 3 < ded at the frequency giyen in
table E.1.

E.2.2| Cables

Powe[ and footswitch cable damage, particularly where they joip to a
plug ar socket, before . oQnetted.to the power. It is also appropriate to check for
damape again at the ef as sables can be run over or damaged during uge.
E.2.3

Any e t they
functi

E.2.4

Any i K ater flow, presence of fibre) should be checked at regular infervals
to eng f

E.2.5| Jndicators

Visible and audible laser emission indicators should be checked for correct function at the
beginning of each procedure.

E.2.6 Beam power

There are two main causes of loss of power or energy at the distal end of a transmission
system: optical misalignment at any stage or contamination of any of the mirrors, lenses or
fibres which may form the transmission system. As a result, distal beam power or, alternatively,
distal power as a percentage of cavity output (which is measured in many lasers) should be
determined regularly. Most manufacturers have built-in or external systems to accomplish this.
Even small amounts of contamination on any of the optical components will cause not only loss
of power/energy but also absorption of energy, with potential thermal damage to that
component. This applies to both pulse lasers and continuous wave lasers. Distal pulse energy
should also be checked (see also E.2.11).
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E.2.7 Articulated arm

Before use, any laser using an articulated arm or micromanipulator should be checked for each
movement over its full range. The articulated arm should be checked for physical damage and
the correct positioning of the lens.

E.2.8 Beam coincidence

For lasers using articulated arms, the coincidence of aiming and treatment beams should be
tested before each use of the laser, and possibly during use, especially if it is suspected that
the alignment may have been disturbed. This can easily be performed with a marked wooden
tongue_depressor as a target. The aiming beam is used to align the treatment laser to the
markgd target. Firing the treatment beam should eliminate the mark. Coincidence of theyaiming
beam| and the treatment beam should always be within the tolera ifi y the
manufacturer. After firing, the burn should be checked for symmetry and uni

Lensgs and mirrors should not be touched as grease from the
Only fhe sterilization and cleaning methods recommended by thé

mage.
used.

E.2.9

Optical fibres used with lasers should be checked/for ¥ 3 a hd for
damal i : o 14x
magnlfi

WARN

Both ¢nds of the fibre should be clean and free © i i.e. of the
fibre € i i Lld be
check ghould
be no ife tips
and o

The ¢
prior

mined
,| white

surfag m to 10 cm. The image should be uniform and cifcular.
Althouigh a ottling is acceptable, there should be no smears, blotches,
scattdred ns” The presence of these indicates damage or contaminafion of
the deli S aiming beam is clearly defined and of normal brightness, then the
fibre isp A geod’condition.

E.2.11 Delivery powér calibration (see also E.2.6)

Therg ate’two main reasons for a variation in the power output of a laser. First, the lasé¢r can
change its output by a number of processes such as misalignment of the mirrors. Secondly, the
delivery system can cause excessive power loss because of misalignment, contamination or
damage. As a result, all lasers should be regularly calibrated and many have built-in devices to
measure power at the distal end of the delivery system.

Such checks should be regularly performed, usually before each use, and possibly during a
procedure if it is suspected that the delivered power has increased or decreased.

The method of calibration may vary according to the laser type and manufacturer. For example,
either the actual power delivered or the delivery system transmission may be measured. Most
lasers have built-in means of measuring power at the laser cavity. It is important to consider
the loss of power through the delivery system.
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