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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 8: Guidelines for the safe use of lasers on humans

FOREWORD

ational electrotechnical committees (IEC National Committees). The object of IEC is to promote interf]
bperation on all questions concerning standardization in the electrical and electronic fields. To, this ¢

baration is entrusted to technical committees; any IEC National Committee interested inthé subject de|
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement betwgen’the two organiza

rder to promote international uniformity, IEC National <Committees undertake to apply IEC Publi

ices carried out by independent certification bodies.
isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its direetors, employees, servants or agents including individual expe|
nbers of its technical committees and:*tEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

[spensable for the correctiapplication of this publication.

R 60825-8<has been prepared by IEC technical committee 76: Optical radiation safe
bquipment. It is a Technical Report.

prising
ational
nd and
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alt with
liaising
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ions.
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rom all
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of IEC
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etween
b latter.
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for any

rts and
age or
s) and
er IEC

ions is

patent

y and

dition

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition.

a) Recent medical laser equipment classified as laser class 1C is now included. Equipment of
laser class 1C incorporates sensors which ensure good contact, so that laser emission into
free space is inhibited.

b) More emphasis is given to protective eyewear of patients or clients, to the burning of
materials close to the skin and to collateral hazards such as from internal or external fire
and from noxious gases.

c) General technical update.
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INTRODUCTION

Lasers emit visible or invisible optical radiation or both. In some cases, this radiation is a parallel
beam with almost no divergence. This means that the inherently high IRRADIANCE of the laser is
maintained over considerable distances. Due to the laser irradiation properties, injuries to the
eye and skin can occur. Annex A includes descriptions of laser systems and some medical
applications.

Lasers present hazards to anyone present during the operation of the laser. Serious risks of
injury, particularly to the eye, or undesired effects can result from lack of protective measures,
the use of faulty laser equipment, misdirected beams or inappropriate laser controls or settings.

Laser
laser
if the
class
eyes.

This d

5 which are used in contact mode on the skin may be classified as laser class~1C.

systems incorporate safety means which ensure that laser radiation can only be e
nterlocks detect good contact with the skin so that free space emission aboye the A
1 is prohibited. When used correctly, class 1C laser systems are considered safe f

into nedical laser practice. It is not intended to take precedence ‘over existing or pro
national guidance. However, where none exists, this documentlis)intended to provide h
information.

Althoygh the LASER USER has direct responsibility for safety during laser use, the emp

referr

bd to in this document as RESPONSIBLE PERSON,bears the responsibility for the sett

of a framework for the safe use of the system. A LASER SAFETY OFFICER (LSO) can be app

to pro
opera

vide expert advice to the RESPONSIBLE PERSGN-'and all personnel concerned with thg
fion. This document emphasizes the need-for appropriate laser safety training for a

involvied in providing practical guidance on installation, operation, maintenance and serv

lhese
mitted
EL of
or the

ocument is intended to give direction as to how aspects of las€t-safety are incorporated

bosed
elpful

loyer,
ng up
binted
laser
| staff
cing.
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SAFETY OF LASER PRODUCTS -

Part 8: Guidelines for the safe use of lasers on humans

1 Scope

This part of IEC 60825, which is a Technical Report, serves as a guide to the employer, the
RESPJNSIBLE PERSON, (N€ CASER SAFETY OFFICER, (N€ CASER USER ana otner persons Imnv Ived,
on the safe use of lasers and laser equipment classified as laser class 1C, 3B, of 4 in
interventional applications of laser beams on humans, excluding use of consumer produgts.

NOTE | Premises where lasers are used include, but are not limited to, health-care facilities, dental-care practices,
physiotherapy, beauty-care and cosmetic facilities.

This document explains the control measures recommended for the safety of the LASER|USER,
patier|ts, clients, staff, maintenance personnel and others. Engineering.controls which forg part
of the|laser equipment or the installation are also briefly described to.provide an understgnding
of the|general principles of protection.

The spbject areas covered in this document include

— BBAM DELIVERY SYSTEMS;
—  bi
— reporting of ACCIDENTS and dangerous situations, and
— chiecklists.

blogical effects of laser radiation;

The opbject of this document is to enhance the protection of persons from laser radiation and
other |associated hazards by providing guidance on how to establish safety procedures,
precaptions and user control measures.

Medidally relevant advice such;as about treatment indications, counter-indications, patient or
client| condition, medical,_ or beauty-care treatment procedures, patch testing, medidation,
adverge tissue or skin conditions and follow-up controls is beyond the scope of this document.

2 Normative references

There| are noxnormative references in this document.

3 Terms-and-definitions

For the purposes of this document, the following terms and definitions apply.

3.1
accident
unforeseen situation which results in an injury to any individual

3.2
beam delivery system
mechanism or device which delivers the laser output to the target site

EXAMPLE fibre optics, handpiece, micromanipulator, scanning device
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3.3
incident
potentially dangerous situation which could result in an injury to any individual

3.4
irradiance
RADIANT POWER per unit irradiated area

Note 1 to entry: IRRADIANCE is expressed in W-m™2,

3.5
laser eentroHedarea

area Where laser safety controls apply

3.6
laser|user
user
persoh who controls the delivery of the laser radiation

Note 1[to entry: An assistant may control the settings such as output level, timing/and stand-by or ready fur|
The regponsibility for the treatment is however with the USER. When in this document any action is attribute

USER, if should also be understood that the action is performed by an assistapt\under the responsibility of thq
3.7

laser|safety officer

LSO

ctions.
to the
b USER.

person who is knowledgeable in the evaluation ‘and control of laser hazards ang has

respopsibility for oversight of the control of laser hazards

Note 1[to entry: Functions and responsibilities of the ikSO”are regulated differently in different countries.

3.8

maximum permissible exposure

MPE

maxirmum level of radiation to which, under normal circumstances, persons can be ex
withoUit suffering permanent adverse effects

3.9

nominal ocular hazard area

NOH

area Within which_the IRRADIANCE or RADIANT EXPOSURE can exceed the MPE

[SOURCE: IEC60825-1:2014 [3], 3.64, modified — In the definition, "exceeds the appro
cornepl nraximum permissible exposure (MPE), including the possibility of acci
misdiection of the laser beam" has been replaced by "can exceed the MPE".]

bosed

priate
Hental

3.10
nominal ocular hazard distance
NOHD

distance from the output aperture beyond which the IRRADIANCE or RADIANT EXPOSURE re
below the MPE

mains

[SOURCE: IEC 60825-1:2014 [3], 3.65, modified — In the definition, "beam" has been deleted
and "appropriate corneal maximum permissible exposure (MPE)" has been replaced by "MPE".]

3.1
pulse duration

time increment measured between the half-peak power points at the leading and trailing edges

of a pulse
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[SOURCE: IEC 60825-1:2014 [3], 3.69]

3.12
radiant exposure
radiant energy per unit irradiated area

Note 1 to entry: For the purpose of this document, the area of the spot size on the target tissue is considered to be
the irradiated area which receives the RADIANT ENERGY. A spatially uneven distribution of the RADIANT ENERGY across
the spot is neglected. See also IEC 60826-1:2014, 3,73. RADIANT EXPOSURE is expressed in J-m™2.

3.13
radiant power
powel emitted, transferred or received in the form of radiation

Note 1[to entry: RADIANT POWER is expressed in W.

[SOURCE: IEC 60825-1:2014 [3], 3.74]

3.14
remote interlock connector
conngctor which permits the connection of external controls”\placed apart from |other
compgpnents of the laser product

Note 1[to entry: Medical laser equipment usually has a REMOTE INTERLOCK CONNECTOR incorporated which |s used
to attagh an external switch or door switch which interrupts the laser €mission when activated.

[SOURCE: IEC 60825-1:2014 [3], 3.76]

3.15
respdnsible person
persop legally responsible for assuring safesworking conditions

Note 1[to entry: The RESPONSIBLE PERSON is-usually the owner of the premises, the Chief Executive Officen (CEO)
or a pefson in a leading position who is liable-in case of an ACCIDENT in the premises.

4 Hazards and preventive'measures

4.1 Risks to eyes
4.1.1 General

The elye is atrisk of injury from laser radiation exceeding the MAXIMUM PERMISSIBLE EXPQSURE
(MPE). Laserradiation at wavelengths between 400 nm and 1 400 nm is focused onto thefretina
result/ng, in permanent damage to vision. Refer to Annex A.

Any person who is present within the NOHA should be protected against unintended laser
exposure above the MPE.

Laser equipment of laser class 1C is considered safe for the eyes, as the accessible emission
is stopped or reduced to the accessible emission limits of class 1 when the laser applicator is
removed from contact with the skin or tissue. Lasers of class 1C have no NOHA. However, the
eye of the patient or client is at risk from the incorporated laser, when the laser is applied to an
area which is close to the eye.

4.1.2 Laser protective eyewear of personnel

Unless there is no reasonably foreseeable risk (as assessed by the LSO) that any person can
be exposed to laser radiation exceeding the MPE, eye protection specifically designed for the
wavelength(s) and output in use should be worn in addition to any other controls that are in
place. Eyewear should be selected and approved by the LSO. When the eyes of any person
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including the treated individual are within the NOHA, then the appropriate eye protection should
be selected.

Laser protective eyewear should conform with 1ISO 19818-11.

NOTE Information on safety eyewear can be found in the manufacturer's documentation.

In addition to the required marking according to eyewear standards and when different lasers
are available, an unambiguous and robust method of marking the laser safety eyewear should
be employed to ensure that there is a clear link to the laser in use and wavelength (if selectable)
for which it has been specified. The type of marking should be sufficiently permanent.

Subclpuse 4.1.2 does not apply to lasers of class 1C.

4.1.3 Laser protective eyewear of patients or clients

Patient eye protection can include corneoscleral eye shields (see the manufacturer's instrliction
for uge for possible risks), overlay external eye shields, moistened opague cotton, pgads or
towel$, eye protectors, and laser protective eyewear (glasses, ,spectacles or godgles).
Prote¢tive eyewear should be chosen which reduces the radiant energy below the MPE.

More jnformation can be found in ISO/TR 22463 [5]2.

Laser| devices of class 1C incorporate engineering controls which prevent hazardoup eye
expogure to the USER and to personnel. However, theitechnical engineering controls possibly
do nof prevent eye damage to the patient when the |aser is applied to a skin area close fto the
patiert's or client's eye.

The eiktent of the NOHA will vary according to.the type of laser used and the optical properties
of the|applicators used. Positioning of the.treatment setting in a part of the treatment room can
reduck the risk of exposure to errant beams.

4.1.4 Eye protection with viewing optics

When| using viewing optics such as microscopes, colposcopes, slit lamps and other gptical
devicgs, the person(s) looking through the eyepiece(s) should be protected with a suitabl¢ filter
or a shutter fitted to reduce-the risk from radiation reflected through the vision channel. I} case
of mopocular optics, cansideration should be given to protecting the unshielded eye.

The upe of a video-endoscope can overcome the problems of reflected radiation in the viewing
opticg; howeveryit is still advisable for all persons present to wear eye protection when there is
a risk| of fibre breakage, or possible firing of the laser when the fibre is retracted from the
endodcope.)A risk assessment should be undertaken.

4.1.5 Eye protection of persons behind room windows

When the NOMINAL OCULAR HAZARD DISTANCE (NOHD) extends further than the nearest window,
and the wavelength of the laser is less than 2500 nm, protection should be provided to persons
behind the window. Persons behind windows can be adequately protected by means of a
window barrier which reduces transmission to a value below the MPE. Window barriers should
meet infection control standards. For carbon dioxide lasers or other lasers which emit at wave-
lengths longer than approximately 2500 nm, glass or plastics can provide sufficient absorption.
Windows and shields should provide sufficient protection against the maximum IRRADIANCE for

1 EN 207 [2] and ANSI Z136.7 [1] are current standards in use, although new safety eyewear conforms with
1ISO 19818-1 [9].

2 Numbers in square brackets refer to the Bibliography.
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the exposure duration likely to be encountered in normal use, as identified in the risk
assessment carried out by the LSO.

For more information, see Annex B.

4.1.6 Reflecting surfaces

Reflections from glossy surfaces such as surgical instruments, mirrors, shiny jewellery,
lubricating or cooling gels or tissue surfaces can be hazardous, particularly to the unprotected
eyes. Depending on the wavelength and beam configuration, diffuse reflection of radiation from
class 4 lasers from the irradiated tissue can also be hazardous. The probability for inadvertent
expogure by reftectedtghtshoutdbeassessed,forexampte-imthecasethateyeproteciion is
inadefiuate or is not worn or is temporarily put aside. Technical means for minimizing this
probapility may consist of the following:

d) Wall and ceiling surface or texture

THe surface of the wall and ceiling should be chosen such that specular reflections are
minimized. A matt finish of any colour will minimize specular reflectiofis:

e) Rgom equipment

Glossy surfaces are found with windows, cupboards, vent frames; sterilization cases,|X-ray
vigwing screens, video monitors, operating room lights, ete."Glossy surfaces reflecf laser
rafliation unexpectedly and unpredictably. Unless concave‘in“shape, glossy surfaces ¢o not
ndrmally present a risk greater than that already presentwithin the LASER CONTROLLED|AREA.
THe checklist as described in Annex C may be used.

f) Ingtrumentation

Care should be taken to prevent the unintentiohal reflection of the laser beam frgm an
ingtrument. If the laser beam is likely to hit an*instrument, for instance when it is plaged in
the beam path or adjacent to it, any such\instruments should have a roughened surface to
diffuse the beam. Instruments which have convex shape with radii in the millimetre [range
arg suitable too as they also diverge the beam.

THe USER should be aware that arough surface which does not specular reflect visiblg light
reflects long-wavelength infra-red laser radiation such as that from a carbon dioxide |laser.
Black or dark-coloured instruments become hot when the absorbed radiant enefgy is
sufficiently high, causing ,unintended patient burns. These instruments can al§o be
significantly reflective_at infra-red wavelengths. When working in the upper respiratory
digestive tract, the WSER should consider that a reflected beam or a hot instrument can
pearforate the endotracheal tube, possibly igniting it, with the risk of a severe endotrgcheal
firg, see also 4,33’and Annex F.

Instruments with)reflective surfaces are sometimes used to deflect the laser output onto an
otherwise inaccessible operating site. Mirrors or other reflective devices should be checked for
suitability at:the laser wavelength and laser output employed.

When

4.2 Risks to skin
4.2.1 General
Depending on the radiation parameters of errant beam exposure, skin damage can occur such

as erythema, burns, blistering, and scarring. Besides the fire hazard, a collateral skin burn of
personnel, of the patient or the client can be caused by the ignition of material.

NOTE Risks to the skin of the patient or client due to unsuitable skin treatment parameters or other adverse
treatment conditions are not covered in 4.2.
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4.2.2 Skin protection against laser radiation

Treatment procedures should be determined which minimize the probability for unintended skin
exposure of personnel to the treatment beam or errant or reflected radiation.

In cutaneous application, when manipulation of the tissue is necessary, protective measures
should be considered such as tongue depressors, templates or wet gauze.

4.2.3 Protection against burning of materials close to the skin

NOTE | Laser-resistant drapes usually conform with ISO 11810 [7].

Laserp can produce sufficient energy to ignite flammable materials particularly in an oxygen-
enriclled environment. Oxygen can possibly accumulate under patient drapgs’or covers.

Any new agent used with a laser should be checked for flammability- before use. The| USER
should consider the use of non-flammable agents (e.g. water-based). If the use of flammable
agentp cannot be avoided, the drying times determined by the manufacturer should be adhered
to, allpwing complete dispersal of the agent to take place.

Dry or flammable materials, including sponges, gauze<{pads and swabs, located near the

operating field should be moistened and then kept moistened with saline or sterile yater,

throughout the use of class 4 laser equipment due to\the risk of fire. Prior to releasing or pjJacing

the d¢livery systems (handpiece, fibre, etc.) on the instrumentation table, the laser shoigld be
I

set tg stand-by mode, to avoid unintended irradiation and ignition. If available, the storage
mean$, as provided by the manufacturer, should be used. The delivery system should glways
be ungder direct control of the USER. Placement of the unprotected delivery system diredtly on
the patient should be avoided.

Prote¢tive measures may include
a) use¢ of wet drapes and materials to protect tissues adjacent to the target site, or in the path
of the beam;

b) if gxygen is likely to~accumulate under covers or cloths, changing the location of okygen
exLaust or providingmeans for ventilation;

c) eliminating flamnmable solutions and preparations from the target site;

d) adherence(to manufacturer's drying times of skin preparations and solutions;

e) all|staff be knowledgeable of location and operation of fire extinguisher appropriate for
elgcttical equipment and flammable materials;

f) availability of water or saline that Is easlly accessible 10 the LASER USER.
4.3 Risk of internal combustion
4.3.1 General

Fire hazards within the patient body cavities are associated with the presence of combustible
material, oxygen and energy which is capable of ignition.

4.3.2 Protection against combustion of endogenous gases

To avoid combustion of endogenous gases like methane in the gastro-intestinal tract, localized
ventilation and gas scavenging techniques should be employed.
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4.3.3 Protection against airway fire

Airway fires are the most devastating and patient life-threatening events that can happen. Such
events have been caused by lasers being focused or laser fibres being inserted.

For instance, materials which can burn include endotracheal tubes, flexible endoscopes, the
laser fibre itself including tubular sheaths, inserted pads or sponges. Under increased oxygen
concentration, the ignition takes place instantly and the flames are abundant even extending
through the mouth of the patient to the exterior.

When, during airway laser surgery, oxygen concentrations higher than the normal 21 % are
likely to be inhaled by the patient, a written medical airway management protocol should be
followed. The USER, surgeon, and anaesthesia personnel should have received education and
training.

Only |endotracheal tubes specially specified for use with lasers should he used| The
endotfacheal tube chosen should be labelled for use with the intended wavelength and range
of output parameters, in conformity with ISO 11990 [6]. If an adequate product is not avallable,
the LASER USER together with the anaesthetist should consider other means to avoid airway fire
and dpscribe them in the written medical airway management protocol.

Since| combustion can be initiated in the respiratory digestive, ‘tract in high oxygen cgncen-
trations, the lowest clinically acceptable concentration of oxygen should be chosen in lafyngo-
trachgal procedures. Jet ventilation should be considered.

4.3.4 Protection against burning of an endoscape

Care [should be taken to avoid laser beam exposure of the sheaths of flexible fibre| optic
endodcopes since most of the sheaths are flammable.

The USER should check the proper positioning of the laser delivery fibre within the endogcope
prior fo placing the laser in a READY mode. Means include

— chiecking the integrity of the aiming spot;

— infroducing the fibre far enough so that the tip can be seen through the endoscope. It ghould
bg realized that the tip ‘of the fibre possibly becomes excessively heated during|laser
trgnsmission and can cause heat damage to the endoscope or (upon contact) to the tissue
alfhough the aiming-spot looks normal.

Care [should be taken when endoscopy is performed in an oxygen enriched atmosphere,
see 4/3.3.

Caseg havé been reported that fibres or fibre tips have broken within body cavitiep and
endodcopes. Therefore, upon removal, the USER should confirm that the BEAM DELIVERY SYSTEM
is intdqctand not compromised or broken.

Inadvertent pulling on the fibre during a laser procedure can cause damage to endoscopes,
loss of part of the fibre inside the body, breakage of the fibre outside of the body with risk of
inadvertent emission of radiation including cause of fire. If the fibre bridges a gap between the
laser system and the treatment area, nobody should be allowed to enter that gap.

4.4 Risks due to inhalation of noxious fumes and plumes
4.4.1 General

When lasers are used to disrupt cells through the process of vaporization, noxious airborne
contaminants are produced which can enter the breathing zones of all personnel present in the
operating and treatment rooms, as well as the patient. Surgical plume contains carbon, gases,
bio-aerosols, cellular material, blood, viruses and ultrafine particles (UFP).
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Electro-dissectors, electrocautery devices, ultrasound dissectors, mechanical abrasion systems
and the like also cause micro-particulates to become airborne. The known means of dealing
with them may also apply for laser-generated particulates.

The health hazard to patients who receive a one-time exposure may be regarded differently
from the health hazard of personnel who are subjected to repeated or chronic exposure.

Laser generated fumes, plumes, vapours and UFP should be removed from the environment.
Procedures should preferably be performed in a facility with adequate ventilation and an
adequate number of air exchanges per hour.

The nmeans of plume scavenging should primarily be achieved by using evacuators eqipped
with filters. Additional protection is achieved via means of room conditioning and persongl face
masks. The disposal of filters should be considered.

More jnformation can be found in ISO 16571 [8].

4.4.2 Dedicated smoke evacuation systems

Airbofne contaminants should be captured as close as possible but not further away tharf 5 cm
from the point of plume generation and removed by local exhaust yentilation (LEV). Numerous
portable, disposable and stationary LEV systems are availablg to meet the needs of mltiple
types| of facilities. The plume evacuation system should-be designed to ensure thgt any
potentially infectious agents are sufficiently captured in¢the air handling or exhaust sydtems.
This fnay be accomplished with a plume evacuation{system using ultra low penetratipn air
(ULPA) filters (at least 0,12 ym) with a filtration efficiency at this particle size of not less than
99,99P %. Local extraction of plume also eliminates cellular debris and vapours, thus proyiding
greater visibility of the surgical site, for increased precision and safety.

4.4.3 Central vacuum suction systems

Central vacuum suction systems built insthe hospital or the premises should not be used flor the
purpoge of removal of surgical plume), unless an in-line filter is installed, positioned befween
the wall outlet and the floor canister. The filter should be rated at 0,12 ym and staff sholild be
awarg of the manufacturer's timetimit for its use. Filters should be disposed of according|to the
facility's infection control policy. Wall suction with in-line filtration may be appropriate for
procefdures producing an only small amount of plume.

4.4.4 Face masks

Masksg, including~special laser surgical masks, are not recommended for use as the primary
methqd of filtration. Standard surgical masks are designed to protect the USER from contagt with
particulates\of greater than 5 um. They are not protective from the inhalation hgzards
assocfated-with laser generated plume. It has been reported that particulates less than[1 pym
comptise 77 % of matter found in Qurgir‘al laser plume F)uring high-riek ar aerosol gpnprating
procedures with suspected transmitted diseases, respiratory protection of a surgical N95
respirator mask along with a local exhaust ventilation (LEV) is recommended. However, N95
masks should be regarded as disposable, single-use devices that only protect the USER as a
secondary adjunct to the LEV.

NOTE An N95 respirator is a respiratory protective device designed to achieve a close facial fit and efficient
filtration of airborne particles. The "N95" designation means that when subjected to testing, the respirator blocks at
least 95 % of the 0,3 ym test particles.

4.4.5 Disposal of filters

Filters and absorbers should be monitored and replaced on a regular basis in accordance with
the manufacturer's recommendations. All plume collection supplies including masks, filters,
tubing, connectors, etc., should be disposed of according to blood borne pathogens standards
due to the presence of airborne contaminants.
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Additional information can be obtained from the manufacturer's instructions for use.

NOTE Health hazards due to laser generated plume, vapours and airborne particles are sometimes difficult to

ass
situ

ess. The assessment usually covers the characteristics of the laser in use, the surgical procedures and the local
ation. Protective measures could already have been established regarding electrocautery devices and the like

and can be adopted for laser use. Odour following use of laser is a first indication for possible health-relevant airborne
substances which need consideration. Specific information is provided by Bibliography references [10], [11], [12] and
[13].

5

5.1

5.1

Administrative procedures

LASER SAFETY OFFICER (LSO)

1 General

For installations where lasers of class 1C, 3B or class 4 are in use, the RESPONSIBLE PERSON
shouldl appoint a LASER SAFETY OFFICER (LSO) and define the LSQO's responsibilities. Th¢ LSO
shouldl be sufficiently knowledgeable to be able to advise the RESPONSIBLE_PERSON on agpects
of laspr safety which relate to the lasers in use in that facility. The RESPONSIBLE PERSON may
assume the role of the LSO. The LSO should cooperate directly with the'USER of the equigment.

Locally, within the LASER CONTROLLED AREA, there should be a~designated person, syitably
trained, who ensures that on a day-to-day basis safety measutes’ are obeyed. The USER may

assume this role.

NOTE [ Medical laser equipment is often used in small settingsswhose staff consists of a LASER USER| and a
receptipnist. This situation is found in the offices of physicians, podiatrists, dentists, beauty care practition¢rs and
others.|The owner of the facility, referred to as RESPONSIBLE PERSON, the USER and the LSO can be the same person.

NOTE 2 The requirement for appointment of a LASER SAFETY. OFFICER is regulated in different countries diffdgrently.

NOTE B Class 1C is included because the laser outpttrincident on the tissue can be as high as from laser class 4

deviceg.
5.1.2 Duties and responsibilities of the LSO
5.1.2.{ Duties

The primary duty of the LSO_should be to support and advise the RESPONSIBLE PERSON with

respeft to the safe use ofidlasers and protection measures.

5.1

More ppecifically).the responsibilities of the LSO should include:

a)

b)

c)
d)

e)

.2.p Responsibilities

performing~a hazard assessment of laser working areas, including the determination jof the
NOMINAL_OCULAR HAZARD AREA (NOHA); a scheme of a risk assessment should be foljowed
(sgenAnnex C);

giving advice to the RESPONSIBLE PERSON about safety issues when purchasing and putting
into operation the laser equipment as well as operational and occupational safety measures;

choosing personal protective equipment;

contributing to the education of employees who work with the lasers or are present in the
NOHA, about the hazards and about the safety measures;

contributing to the checking and approval of laser equipment and verifying that the
maintenance and service of the equipment are performed by persons who have been trained
for that purpose or are otherwise qualified;

ensuring, by repeated auditing, that the prescribed control measures are effective, for
example, checking that personal protective equipment, laser radiation barriers and laser
signs are in place, verifying standard operating procedures, alignment procedures, laser
operational checklists and reviewing documentation pertinent to the laser utilization site;
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g) providing information to the RESPONSIBLE PERSON about shortcomings and failures of the

las

er equipment;

h) investigating all ACCIDENTS and INCIDENTS involving lasers, providing information (see 5.2)
on preventive measures to those involved, including the dedicated safety specialists of the

fac

lity.

Additional responsibilities include:

i) recommending and approving technical and organizational safety measures;

j) ad

[) ini
m) li
n) in
se
re
5.2
5.2.1

After
or AC(

5.2.2

Perso
mana

Any IN
any o
be su

5.2.3

A meq
exces|
carrie

expogure. Such an‘examination should be supplemented with a full biophysical investigat

the ci

5.24

vising employees working with lasers or in laser areas;

iating investigations, if a laser ACCIDENT is reported;
ising with national authorities;

rviced by a third party, defining and allocating, in accordance with‘.the third
sponsibilities regarding safe procedures.

INCIDENTS and ACCIDENTS
General

eceiving an initial event report, the LSO should carry out'an investigation of any ING
IDENT, develop recommendations to prevent recurrence and report the findings.

Initial reporting

pement techniques in terms of quality assurance and ACCIDENT prevention.

CIDENT or ACCIDENT arising from the“use of the laser should be reported by the us
her person involved immediately-to the LSO. Further use of the laser equipment s
spended until the LSO allows:it.fo be put again into service.

Medical examination

ical examination should be considered, when personnel is suspected of having req

cumstanges-of exposure.

Medical surveillance

Opht

almic examinations of nmlnlnynpc \A/nrking with laser nnlllilnmnnf have no value as f

the case that laser equipment is rented from a third party or the laserCequipmgnt is

party,

IDENT

nnel should be encouraged to report INCIDENTS. INCIDENT reporting is part of mjodern

ER or
hould

eived

sive laser exposurerto the eye. A medical examination by a qualified specialist should be
1 out immedidtely, i.e. within 24 h, after an apparent or suspected injurious ¢cular

ion of

art of

a health surveillance programme and are not recommended. Ophthalmic examinations are
sometimes carried out for other (e.g. medico-legal) reasons. Some of the investigative
procedures used are themselves hazardous, and these should therefore only be carried out

when

medically advisable, and not used for routine screening.

SOURCE: IEC TR 60825-14:2022 [4], Clause 13.

5.2.5

Investigation of the circumstances of the event

Where an INCIDENT or ACCIDENT involving a laser is suspected, the LSO should prepare a report

of the

circumstances. The report should at minimum contain the following information:

a) a summary of the circumstances of the INCIDENT or ACCIDENT that led to an injury, which
should specify
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— the date, location and time;
— the names and designations of all staff and other persons involved;

— the details of the training and qualifications of the injured person other than the patient

or client;
— the laser settings including RADIANT POWER or pulse energy;
— apparent contributing factors; 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 or

assistants, as appropriate) who were e
any mrormation refevar nNe O UTT

ngaged in th

of all

be reported to the central health authority if alcountry-wide reporting system
ion.

NOTE | In large hospitals local rules can apply.
5.2.6 INCIDENT and ACCIDENT follow-up

Any INCIDENT should be followed by anzappropriate action. Appropriate actions includ
develppment of preventive strategies -arrrecommendations and the distribution of inforn
about|the INCIDENT along with preventive recommendations to all persons who are likely
subje¢ted to the same kind of hazard.

The aim is preventing recurrence. Based on the circumstances of the event, the LSO s
concllide safety measuresito be implemented or the existing set of safety measures or ry
safe Qehaviour should(e*amended accordingly.

The RESPONSIBLE*PERSON, in consultation with the LSO, should circulate the recommend
resultlng from,th€-investigation at least to

— any L3O appointed by the RESPONSIBLE PERSON, if more than one LSO is appointed;
— thebiemedical engineering department, when in place and if concerned.

e procedure in question and who can give
N [ A

bment

tion.

cords

juries
is in

e the
hation
to be

hould
les of

ations

The LSO should inform the USERS and employees concerned.

5.3 Maintenance and inspection
5.3.1 Maintenance

The laser equipment should be maintained by a technically competent person only.

Maintenance comprises a range of activities including

a) preventive maintenance of the device and its accessories;

b) calibration of the output RADIANT POWER, energy and temporal characteristics accord
the manufacturer's instructions;

ing to
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c) user tasks associated with regular inspections prior to operation such as check of fibre
integrity, interlocks working, function of gas flow.

The maintenance of the laser should be carried out in a LASER CONTROLLED AREA only. When
maintenance procedures are performed in an area dedicated to maintenance purposes, this
area should be prepared to temporarily function as a LASER CONTROLLED AREA.

5.3.2 Inspection schedule

The LSO should establish an inspection schedule, by reference to Annex E. Some inspections
could be performed daily as a check of proper function of the equipment.

6 Lpser safety training recommendations

The RESPONSIBLE PERSON should establish and maintain adequate training for the - management
of laser risks. Any person working within a LASER CONTROLLED AREA should recéive laser gafety
training prior to commencing working with laser devices. The trainingCshould be updated
regularly and if circumstances change. For a suggested syllabus of training, see Annex [).

All training activities should be documented and retained on file.

7 Lpser environment

7.1 The LASER CONTROLLED AREA

Clausg 7 does not apply to the use of laser devices classified as laser class 1C.

A LASER CONTROLLED AREA should be established around the laser in use and when thene is a
risk of the MPE levels being exceeded withinsthat area. The access to laser radiation and aftivity
of all persons within that area will be subject to control and supervision to prevent expospre to
laser radiation exceeding the MPE. The boundaries of such areas should be decided by the
LSO gs part of the risk assessment but will commonly be the walls, floor and ceiling of thel room
in which the laser is to be used.

The LASER CONTROLLED AREA.should be the same or greater than the NOHA.

In cerfain circumstances, a curtain may be an acceptable method of defining the boundaries of
the anea for use with Jasers with sufficiently diverging beams.

Many|medical.or beauty-care lasers emit their beam focused or are guided through an gptical
fibre, [resulting in a highly divergent propagation angle. The NOHD in these cases usuplly is
much |shorter than in the case of collimated beams. The NOHD should be assessed by th¢ LSO
or specified by the manufacturer Unless the area of the NOHA is known it is advisable to
designate the entire room in which the laser is used as the LASER CONTROLLED AREA.

7.2 Access controls
7.2.1 General

The ways which provide access to the LASER CONTROLLED AREA should be marked by indicative
means such as warnings and indicators.

7.2.2 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 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.
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Warning signs should be 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.

If there is doubt on the kind of laser warning to be used, the reader is advised to refer to the
national authorities, e.g. the national committee for standardization. Refer to the warning signs
as shown in [IEC TR 60825-14 [4].

7.2.3

llluminated warning indicators

In son
sign,

A typi
LASER

Altern
— Las

7.2.4
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If the
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In case of risk of smouldefing drapes or small fires, an open container of water (sterile or s
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s described in 7.2.2.

Cal illuminated warning has the form of a yellow lamp placed outside each entrance
CONTROLLED AREA. This lamp should be energized only when the laseriSin use.

atively, a light may be used to illuminate a translucent sign with warding such as "C
br in use", where the wording is not visible when the light is off¢

Door switches and interlocks

on the risk assessment, a door switch in conjunction with the REMOTE INTE
ECTOR may be considered to disable the laser if the/door to the working area is op
ver, when such interruptions introduce an unnecessary and possibly serious hazard
t or client during a procedure, this risk should.also be considered.

Fire protection policy

uishing equipment, which is in place due to national or local rules.

hazard assessment reveals that an elevated level of fire hazard exists, the LSO

uired) should berplaced in a convenient position near the operating instruments.

ed by altérnative drapes which are flame retardant.

derdtion should be given to providing carbon dioxide fire extinguishers in a r
sible position near the LASER CONTROLLED AREA as determined by the local fire

he circumstances, it is useful to provide an illuminated warning in addition to the;warning

to the

aution

RLOCK
ened.
to the

SER and personnel present should begfamiliar with the location of fire protective and fire

hould
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sary range of fire control measures.
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Annex A
(informative)

Biological effects, hazards, laser equipment technology

A.1 Biological effects and hazards

A.1.1 General

The mechanism by which laser radiation induces damage involves interactions of heat,
thermpmechanical transients and photo-chemical processes. The degree to which any oflthese
mechanisms is responsible for damage is related to certain physical parameters,“of the
irradiating source, the most important of which are wavelength, PULSE DURATION,“spof size,
IRRAD|ANCE and RADIANT EXPOSURE.

In geperal terms, in supra-threshold exposures, the predominating meg¢hanism is broadly
related to the PULSE DURATION of the exposure. Thus, in the order of increasing PULSE DURATION,
the predominant effects in the following time domains are:

— at|nanosecond and sub-nanosecond exposures, photo-acoustic and non-linear effecfs are
ggnerated;

— frgm 1 ms to several seconds, thermal effects are generated;

— for longer exposure durations, additional photochemical effects are generated.

Laser| radiation is distinguished from most other_known types of radiation by its |beam
direct|onality and wavelength specificity. This, together with the ability to produce lasers with
an initial high IRRADIANCE, means that high instantaneous power densities can be transpitted
to bioJogical tissues. The primary event in any type of laser radiation damage to a biolpgical
systefn is the absorption of radiation by that system.

Absorption occurs at an atomic or motecular level and is usually a wavelength-specific prgcess.
Thus,|it is the wavelength that determines which tissue a laser is liable to damage. Mos{ laser
damage is due to the heating of the absorbing tissue or tissues. This thermal damage is usually
confined to a limited area surfounding the laser energy absorbing site and centred gn the
irradiating beam. Cells within this area show burn characteristics, and tissue damage primarily
results from denaturation:of proteins. As indicated above, the occurrence of secondary dgmage
mechanisms from laserexposure can be related to the time course of the tissue heating refction,
which|is directly related to the PULSE DURATION, IRRADIANCE, and wavelength of the lasqr. If a
CW (¢ontinuous-Wwave) or long pulse laser system is directed onto a tissue, then becadse of
condyction, the<volume of the tissue experiencing a raised temperature is progreslsively
incregdsed. This’spreading thermal front results in an increasing damage zone as more and more
cells are, faised above their thermal tolerance. Heat is also removed by the blood flow thfough
convgction. The beam image size is also of importance, as the degree of peripheral spredd due
to co TOTT i i TTith issue
heating. This type of thermal lesion is commonly seen on exposure to CW or long pulsed lasers.
On the other hand, damaging effects can be the direct result of specific molecular absorption
at a given wavelength of radiation.

Short-pulse high-peak power lasers such as Q-switched or mode-locked lasers can 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 temperatures great enough to cause the liquid components of their cells to
boil and blood vessels to rupture. Boiling of tissue results in the production of a plume at the
tissue surface. Confined boiling can occur below the surface of tissue, leading to explosive
effects. Pressure transients result from thermal expansion and from the production of gaseous
products and both can also result in shearing damage to tissues remote from the absorbing
layers and in disruption due to mechanical shock waves.
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Some biological tissues such as the skin, the lens of the eye and the retina can 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 can result in damage to a system if the
duration of irradiation is excessive, or if shorter exposures are repeated over prolonged periods.

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 [3].

The pathologies caused by excessive exposures are summarized in Table A.1.

Table A.1 — Summary of pathological effects
associated with excessive exposure to light

CIE spectral region Eye Skin

Hlérg-:/ir?lt(e()t 580 o) Erythema (sunburn)

Ultraviolet B Photokeratitis Accelérated skin ageing procgss

(280 pm to 315 nm) Increased pigmentation

gzrsa':’rlr?lg :‘00 nm) Photochemical cataract Pigment darkening

Visiblk Photosensitive reactions
Isible ) Photochemical and thermal.refinal

(400 hm to 780 nm) injury Skin burn

Infra-fed A

(780 m to 1 400 nm) Cataract, retinal bucn

Infra-fed B Aqueous flare, Cataract, corneal Skin burn
(1,4 ym to 3,0 ym) burn
Infra-fed C

Corneal\burn only

(3,0 ym to 1 mm)

@ Thqg spectral regions defined by the C|E“are short-hand notations useful in describing biological effects But do
not|necessarily match the spectral breakpoints in the MPE Tables A.1 to A.3 of IEC 60825-1:2014 [3].

b Phdtochemical reactions are knéwn'to occur at wavelengths below 600 nm.

SOURCE: IEC 60825-1:2014 [3], Table D.1.

A.1.2 Hazards'to the eye

Visible and_near infra-red lasers are particularly hazardous to the eye because thg very
propefties necessary for the eye to be an effective transducer of light result in a high RADIANT
m the
‘etinal
image. This increase arises because the light which has entered the pupil is focused to a "point”
on the retina. The pupil is a variable aperture, but the diameter can be as large as 7 mm when
maximally dilated in the young eye. The retinal image corresponding to such a pupil is between
10 um and 20 ym in diameter. With intra-ocular scattering and corneal aberrations considered,
the increase in IRRADIANCE between the cornea and the retina is of the order of 2 x 10°. If an
increase of 2 x 105 is assumed, a 50 W-m~2 beam on the cornea becomes 1 x 107 W-m~2 on
the retina. In this document, 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.

When 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 melanin pigments contained in the pigment epithelium. In the yellow
macular region, some energy in the 400 nm to 500 nm range will be absorbed by the macular


https://iecnorm.com/api/?name=5eb8aa57ac214b80cb20a20827c55dcc

IEC TR 60825-8:2022 © IEC 2022 - 23 -

pigment. The absorbed energy will cause local heating and burn both the pigment epithelium
and the adjacent light sensitive rods and cones. Depending on the magnitude of the exposure,
such a loss of vision can be permanent. The injured retina does not heal, unlike the anterior
eye or the skin. 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, a small pit in the centre of the macula is responsible for sharp central vision and is
utilized during activities where detailed vision is required such as reading or driving. When this
region is damaged, the decrement appears initially as a blurred white spot obscuring the central
area of vision; however, within two or more weeks, it changes to a black spot. The loss of central
vision is very serious. Peripheral lesions will only be registered subjectively when gross retinal

damawa hace oceurrad Small narinharal lacinne wwill naco yinnaticad and ~an acoang Aot Ction
g+ S0 66uHHea—oar—p e Hp e Sto RS W —pPaSS—ahRRBHEe ek Ra—6ah—eS6ape—aete

during a systematic eye examination.

In the|wavelength range from 400 nm to 1 400 nm, the greatest hazard is retinal damagg¢. The
cornep, aqueous humour, lens and vitreous humour are normally transparent for radiation of
these|wavelengths. However, there have been cases where high intensity(laser beams| have
caused burns in the cornea and lens. In the case of a collimated beam, the’hazard is viftually
independent of the distance between the source of radiation and the eye; because the fetinal
imagd is assumed to be a diffraction-limited spot of around 10 ym to0<20 um in diameter.

In thel case of an extended source, the hazard is again virtually-independent of the didtance
betwegen the source and the eye, because then the retinal.IRRADIANCE depends only gn the
source's RADIANCE and on the lens characteristics of the eye.

In thel case of a "point-type", diverging-beam source, the hazard increases with decrgasing
distance between the beam waist and the eye. The reason is that, with decreasing disfance,
the cqllected RADIANT POWER increases, while the.size of the retinal image can be assumed to
remaip nearly diffraction-limited for true lasetr,sources down to a distance as close as 100 mm
(due to the accommodation capabilities of the-eye). The greatest hazard occurs at the shjortest
accommodation distance. With further reduced distance, the hazard to the unaided eye ip also
reducgd, as there is a rapid growth of.the retinal image and a corresponding reduction pf the
IRRAD[ANCE, even though more RADIANT POWER can be collected.

For wavelengths of more than.£400 nm, the hazard is thermal damage to the lens or the cornea.
Optical radiation is absorbed-by the cornea or the lens at variable depth, depending gn the
wavelength (see Table A.1). For extended or point-type diverging-beam sources of |these
wavelengths, short distances between the source and the eye should be avoided.

For wpvelengths 4ess than 400 nm extending into the UV, the lens or the cornea can dgvelop
photokeratitis orca-photochemical cataract can be generated.

A.1.3 Hazards to the skin

A.1.34+—General

MAXIMUM PERMISSIBLE EXPOSURE values for the skin apply to USERS and are set below known
hazard levels. They are based on the best available information from experimental studies. The
MPE values should be used as guides in the control of exposures and should not be regarded
as precisely defined dividing lines between safe and dangerous levels. Safety means should be
employed, which eliminate the possibility for any inadvertent exposure to laser radiation, if
feasible. However, cases for skin injury of personnel, within the scope of this document, have
not been reported.

A.1.3.2 Thermal effect

The skin can tolerate higher 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 700 nm) and infra-red
(greater than 700 nm) spectral regions can vary from burning trauma grade | to grade Ill.
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A.1.3.3 UV-laser hazard

2022

Exposure from UV-laser sources are potentially hazardous to the skin of personnel, for example

during set-up of the equipment and measurement of the output.

A.1.4 Determination of NOHD

The distance at which the beam IRRADIANCE or RADIANT EXPOSURE equals the appro

priate

corneal MPE is defined as the NOMINAL OCULAR HAZARD DISTANCE (NOHD). The NOHD should
be considered when specifying the boundaries of the LASER CONTROLLED AREA within which the
access to laser radiation and activity of personnel is subject to control and supervision for

protection from laser radiation hazards

More jnformation can be found in Clause B.6 of IEC TR 60825-14:2022 [4].

A.2 | Laser applications

A.2.1 General

For risk assessment and INCIDENT or ACCIDENT analysis, a preCise differentiation of
applidations is valuable.

A.2.2 Area of application
A.2.211 Body surface

Treatfent of skin, skin adnexa and the visible muecosa in natural orifices (ear, nose, n
anus,|exterior genitalia).

A.2.2)2 Open surgery

Intraoperative application of laser radiation after surgical opening of body cavities, organ
tissug, bone and joint system usingxfree hand or directed application.

A.2.23 Intra-corporeal laser application

Any laser application using endoscopes or catheters where the treatment is within the
This gan be in body cavities, hollow or solid organs, vessels ("endovascular") and soft
("inteqstitial") via natural orifices or punctures.

A.2.2)4 Guidance system

In the|casg of endoscopy, the position and laser application can be performed by direct or

laser

nouth,

5, soft

body.
tissue

video
aging

visual positioning is normally controlled by an im

A.2.3 Types of application
A.2.3.1 Free hand application

Treatment with a delivery and application system which allows guidance in any direction.

A.2.3.2 Directed beam

Treatment with a mounted delivery and application system which allows application only in a
limited direction, for example operating microscope with micromanipulator or ophthalmoscope

or slit-lamp, colposcope, or laryngoscope.
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A.2.3.3 Non-contact method

Application of laser radiation in conjunction with a gas or liquid. The beam can be collimated,
divergent or focused. The laser delivery system has no direct contact with the tissue.

A.2.3.4 Contact method

Application of laser radiation where the delivery probe is in direct contact with the target. This
can be performed directly with a fibre ("bare fibre"), sculpted fibres, diffusers, and special
attachments such as sapphire tips or diamond knives.

A3

A.3.1

Laser
and s
wavel

—Ltaser Uquiplllcllt iebillluiugy
Laser radiation sources
5 typically operate at specific wavelengths which depend primarily on theJlasing

bcondly on the engineering design of the optical cavity. Some lasers allowdifferent
engths to be selected. Lasers in common use range from the CO, laser’ (10 600 nm

its output in the IR-C to excimer lasers (for example, the argon-fluoride laser opera

1931

nm) in the ultra-violet. Power output ranges from a few milliwatts to many tens of

in corltinuous wave lasers. Pulsed lasers have energies from a few'millijoules to many

per p
intera

Llse, giving instantaneous power outputs up to several \megawatts. The laser-
ction depends on a range of parameters, for example:

— output wavelength(s) (some lasers have more than ofe output wavelength);

— continuous or pulsed output, output power or pulse energy;

— pUdise width;

- P

- djration of pulse train;

Ise repetition rate;

— tissue type.

The qoherence property of laser radiation is important only for special diagnostic im
applidations, but plays no role when tissue is treated by the laser radiation.

A.3.2
A.3.2
All la

Laser radiation delivery systems
1 General

bers require ‘a-means of transmitting the radiation to the target site. The mes

transmission is¢known as a delivery system. The laser wavelength determines the ty
delivery systelm) Besides direct delivery three types of delivery system are in common us

- ar
L

iculated arm;

media
butput
) with
es at
watts
oules
lissue

aging

ns of
pe of
e:

How flexible WaVeg Hnde:
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— optical fibre.

Usual
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ly, applicators are fitted to the delivery system, such as:

nses;

side fire tips;

)
)
) shaped or sculpted fibres;
) bare fibres;

)

diffusers;

f) micromanipulators;

g) scanners.
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A.3.2.2 Direct delivery

Laser pointers, patient positioning lasers and hand-held lasers are examples of direct delivery
systems. The laser energy is delivered directly from the emitting aperture to the tissue (with or
without focusing lenses). The output is controlled by switching the machine on or off, either by
manually pressing a button or by a timer. The beam can be "steered" by hand or by mechanical
means.

A.3.2.3 Articulated arm

A.3.2.3.1 General

Since|some wavelengths (e.g. those from a CO, laser) are absorbed by glass, they cannot be

delivegred through conventional glass fibres or lenses. An articulated arm has been-devgloped
which| allows the laser radiation to travel through a hollow arm using a system ©of joints and
mirrofs.

Becayse radiation from ultra-violet or infra-red lasers like the CO, laser is invisible, a low power

visiblg laser, typically a green or red diode laser, is used to designate(the target tissug. The
beams of the invisible treatment laser and of the visible aiming laser\are optically combined to
coincide at the applicator or handpiece treatment plane.

The afticulated arm is usually fitted with applicators such as.a“handpiece, a micromanipulator
(micrgscope attachment), a rigid fibre delivery system, a waveguide or rigid endoscopg. The
applidator can include a lens to focus the beam.

A.3.2)3.2 Limitations of an articulated arm
There| are inherent limitations in the use of an-atticulated arm, such as below.

a) The laser energy delivery is restricted-fo' the "line of sight" or along straight segments of a
delivery path.

b) The arm is liable to be bumped,which can result in optical misalignment. The aiming|beam
and treatment beam should belregularly checked for coincidence and spot shape. Tolavoid
daage or misalignment, the-articulated arm should be safely secured for transpoft and
when not in use.

c) Theg sterilization procedures specified by the manufacturer should be observed, otherwise
lens or mirror coatings can be damaged.

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

The afticulated~arm transmits a collimated beam which is potentially hazardous, particularly if
a hanfipiece-orlens is not fitted. The collimated beam maintains its diameter over distanges of
some |metrtes, so the IRRADIANCE can be high enough to cause injury, fire or physical damage at
a far dlistance from the laser aperture.

A.3.2.4 Hollow waveguide

Some of the limitations of articulated arms can be avoided by using flexible hollow waveguides.
These devices consist of a reflective coated hollow tube through which the laser energy can be
delivered.

A.3.2.5 Optical fibre
A.3.2.5.1 General

The laser energy can be delivered through an optical fibre to emerge as a divergent beam at
the fibre tip.
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In the case where the treatment beam is invisible, a visible aiming beam is usually combined
with the working beam before the fibre to produce a coincident beam at the treatment plane.

Where the treatment beam is visible, the RADIANT POWER can initially be reduced and used as
an aiming beam. The beam power is then increased for treatment, and a shutter or filter will
limit exposure to the USER's eyes.

Frequently, the fibre delivery system is used in conjunction with a rigid or flexible endoscope.
According to the type of fibre utilized, the system is used in either a contact or non-contact
mode.

Fibre pptic delivery systems are often used via special sheaths which deliver gas or fluid,tp cool
the tig and remove debris. This system can be used only in a non-contact mode. The) aqdition
of a spparate tip will allow the system to operate in a contact mode.

A.3.2]5.2 Limitations of fibre delivery systems
The likely causes and effects of altered laser performance are:
a) damage to the fibre tip such as damage caused by excessive heating if debris is not rerhoved

from it;

b) seyere damage to the endoscope up to the endoscope burning, due to firing of the| laser
whijle the fibre tip is inside the endoscope;

c) fibre breakage, due to use in unsuitable types of enddscopes;

d) fibre breakage, due to excessive bending (see manufacturer's specifications), droppjng or
"nicking" by a sharp object;

e) hegting up of fittings, particularly metal fittings, at either end of the fibre delivery system
following laser use, which has resulted \in ' ‘cases of tissue burns on patients and USERS.
Damage to the equipment has also occutred. Adequate cooling time should be allowef;

f) thdg spot diameter of an invisible working beam being larger than the spot of the aiming|beam
up|to a factor of two;

g) lasler power leaking from locations of narrow bends in fibres, producing leakage intensities
oufside of the fibre which are high enough to potentially burn tissue and cause eye dainage.

A.3.2/6 Handpieces and applicators
A.3.2]6.1 Applicators with focusing lenses
A.3.2]6.1.1 General

Focuding lenses are frequently used in applicators to increase or decrease IRRADIANCE or
reduce thé diameter of the beam at the target tissue. Where a laser is focused by a lens, the
shortgr.the focal length, the smaller the focal spot size. The focal length of an applicator lens

d H 4l H 4 £dlo £ 1 4+ ol bl ol 4l £ £
eterl mico uic uialticicl UT 1T 10Lal SspuULl allu uic Uucpytrm UT TULUS.

A.3.2.6.1.2 Limitations of lens systems
The limitations of using focusing lenses are as follows.
a) Applicators using short focal length lenses require precise positioning with respect to the

target.

b) Applicators using long focal length lenses usually produce a large focal spot size which can
be too large for obtaining the required IRRADIANCE.

c) Depending on the design of the optical system, misalignment can be a problem in lens
applicator systems, particularly among those employing interchangeable lenses, where
loose or worn lens couplings allow the lens to move.
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d) The aiming and working beams could possibly not coincide in space. This problem can be
accentuated when the beams pass through a lens.

e) The need for placing focusing lenses close to the operating site can lead to damage through
accumulation of debris if they are not adequately protected.

A.3.2.6.2 Diffuser probes

These probes incorporate a diffuser which spreads the laser light over a relatively large
treatment area and are used in photodynamic therapy (PDT) as well as in laser-induced
interstitial thermo-therapy (LITT). The diffuser shape determines the energy distribution to the
target tissue.

A.3.2]6.3 Contact applicators

Specipl optical fibres are designed to be applied in contact with the target tissue, such as|"bare
fibres|, "sculpted fibres" or fibres which have applicators mounted on the fibre, tips. Laserns with
applidators attached like bare fibres with or without contact tips generallycare class 3B or 4
laserg, since laser radiation can potentially be emitted in free air.

Laser|systems of laser class 1C which are usually applied on the skin-have lasers of class 3B
or4 irrcorporated. Leakage of hazardous radiation is prevented by interlocks which allow laser
emissfon only when placed in good contact with the skin. The-window, through whigh the
radiatjon is emitted, and which is in contact with the skin, occasionally is equipped with cpoling
devicgs. The skin is then cooled to below body temperature*to minimize bulk tissue dgmage
which|can occur upon absorption of the radiation of the_incorporated high output laser.

A.3.2)7 Micromanipulators

Micromanipulators on endoscopes and microscopes including ophthalmic slit lamp microsgopes
use aljoystick which controls a mirror and dirécts laser energy to the tissue to be treated

A.3.2)8 Scanners

Scanners use devices such as _motorized moveable mirrors to deflect the beam acrpss a
predefined area in a programmed,manner.

A.3.2)9 Interlocks ofdaser equipment of class 1C

Manufacturers needto-conform with the relevant technical standard. The interlocks nged to
prevent any hazardous leakage of radiation. The surface curvature does play a roldg. The
interlgcks may allow a bit of tolerance in order not to slow down the availability of the| laser
system in an pverly restrictive manner. Interlocks may include mechanical or optical sensors.

Althouigh the class 1C laser equipment is considered inherently safe to the eyes of perspnnel,
it shopld\be used with caution. It cannot be regarded as safe to the eye of a patient or|client
when it is applied on the face close to an eye. Radiation can scatter through the close periorbital
tissue and reach the bulb of the eye.

If the applicator is put on top of the closed eyelid and the laser is actuated, the iris is at risk to
be burned causing irreversible damage and functional disability.

For details of patient eye protection, see 4.1.3.
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B.1

Annex B
(informative)

Window shielding

General

Many medical laser applications take place in rooms, such as operating rooms, which have
windows. Window shielding restricts the NOHA to the room boundaries (walls, ceiling, floor).
Consideration of whether shielding is required and what type of shielding is appropriate

deper

a) th
b) th
c) th
d) th
e) th

f) infection control;

g) th
Windd

B.2

Gene
beyon
uv-C

formulations of window glass can have different spectral transmission properties. If in

seek

B.3

The IR
deterr

Unde
IRRAD

sufficijently high” For most medical laser equipment, these kinds of problems occur only

the b
diverd

ds on

b |aser wavelength(s);

b irradiance and radiant exposure at the window;

b need to use the window when the laser is not in operation;
b fire or heat resistance of shielding materials;

b ease of attaching or detaching the shielding;

b conditions of human access to the space behind the wigdows.

w shielding is not relevant for laser equipment of ldser class 1C.

Laser wavelength
ally, glass windows are assumed to transmit laser radiation efficiently. At wavele
and be partially protective for UJV-B, but will transmit UV-A. However, dif

Epecialist advice or apply windew covering.

Resistance to fire and heat

RADIANCE and RADIANT'EXPOSURE which could be reached at the window are import
hining the type of shielding.

exceptional\*circumstances, glass can shatter due to thermal stress under
ANCE. Thedlammability of materials is important if the IRRADIANCE or RADIANT EXPOS

bam(is~almost parallel (of low divergence). Normally, if the laser beam is focug

ngths

d 2500 nm, glass windows absorb laserradiation. Window glass is claimed to fully absorb

ferent
doubt

ant in

high
URE is
when
ed or

ing; this is less critical.

B.4

Removable attachments

Detachable shielding can easily and quickly be attached and removed and be accessible only
to persons in the LASER CONTROLLED AREA.

Exam

ples of shielding and attachment are:

a) opaque plastic sheets hung on hooks;

b) opaque cloth fixed by hook-and-loop closure (e.g. Velcro®?3) strips;

3 Velcro® is an example of suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of this product.
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c) shutters;
d) blinds;

e) curtains.

Some shielding has gaps. Gaps are most likely to occur at the edges, for example a curtain
being moved by air currents or by staff brushing against it.
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Annex C
(informative)

Checklist for laser installation

C.1 General

Annex C gives guidance on the steps to be taken during the installation of a laser. It is assumed
that a LASER SAFETY OFFICER has been appointed to oversee the process. The following steps

may prove helpful in assessing the risk(s) of any laser installation.

C.2 | Identify

a) employer of authorized personnel;
b) LABSER SAFETY OFFICER;

c) safety organization, this could be a safety committee establishedyby the RESPON

PERSON;

NSIBLE

d) INCIDENT and ACCIDENT reporting procedure (to take note of-local, national and statutory

refluirements).
C.3 | Determine relevant information

C.3.1 Details of laser

a) type (make, model, manufacturer, supplier, ete.);

b) wapelength(s);

c) temporal characteristics of RADIANT POWER or pulse energy;

d) classification (determines level of pratection required for the laser beam only);
e) type approved (local or national);

f) BEAM DELIVERY SYSTEM(S) (alheptions);

g) gas$ supplies (cylinders, piped gases, sealed);

h) dyes (risk assessment:heeded: solvents, additives, mixing, etc.);

i) laser gas exhaust(s);

j) prgparation of'the treatment room and the type of necessary supply connections.

C.3.2 Other’hazards

a) operating equipment;

b) plume extraction;
c) drapes.
C.3.3 Application

Procedures to be undertaken.

C.34 Life cycle
Parts of the life cycle for the laser installation to be considered, for example:

a) delivery;
b) installation;
Cc) commissioning;
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ining on use (for each application);

e) normal use (for each application);

f) maintenance;

g) servicing;

h) modification;

i) decommissioning;

j) disposal.

C.4

C.41

Itisp

Riskassessment

General

(and therefore the risks) associated with each module. The modules may comprise:

a) the
b) thg
c) thg
d) thg
e) hu

laser process, for example what is the laser beam being used for?
BEAM DELIVERY SYSTEM — how does it get there?

laser assembly — where does it come from?

room and other equipment;

man factors.

pssible to divide the laser installation into a series of modules and to identify the hgzards

Hazands can be split into two categories: the lasefbeam and others. There are riskg from

hazar

C.4.2
a) nd
b) sp
c) sp

co
Cc.4.3
a) fir

s during the different sections of the life cycle of the laser equipment.

Laser beam

ecification of appropriate protective eyewear;

nsideration to potential skin;exposure to ultraviolet radiation.

Non-laser hazards
e hazards;

b) plime and fume hazards.

More

informatian.about risk assessment can be found in Clause 7 of IEC TR 60825-14

Natiopal or loCal rules can apply.

C.5

Treatment unit

minal ocular hazard distance or the-iominal ocular hazard area for each applicatiop;

>

ecification of appropriate , protective clothing for each application with specific

2022.

Determination and preparation of the LASER CONTROLLED AREA:

a) walls (reflections);

b) windows (locations, transmission, blinds, etc.);

c) do
d) ce

ors (positions, viewing panels, etc.);
ilings;

e) warning signs (positions);

f) RE
g) uti

MOTE INTERLOCK CONNECTOR (whether used or not);
lities (water, air, gases, electricity);

h) fire precautions (extinguishers, blankets, etc.).
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More information can be found in 9.4.2 of IEC TR 60825-14:2022 [4].

C.6 Authorization and training of personnel

Safety training for personnel:

a) clinical USERS (including paramedical staff);
b) technical USERS (engineers, bio-engineers, etc.);
c) other non-medical USERS;

d recr\rrl koanina-oftraininamaacirac farmal and an tha inh
oo e P g ot g eaS T eSO rHaa e O H—tHe—0-

C.7 | Operating procedures

C.71 Pre-use testing
Pre-uge testing according to the laser type, BEAM DELIVERY SYSTEMS, RADIANT POWER, shutter,

contrgl mechanisms, automatic scanning, gas supply, cooling devicés-and other accesdories,
as appropriate. See also the manufacturer's instructions.

C.7.2 INCIDENT procedure

INCIDENT procedure documented for USERS to implementiwhen necessary.

C.8 | Annual audit

C.8.1 Installation

Arrangements to audit the installation anfaually and to train other persons to audit it periodjcally.
Records of periodic audits.

C.8.2 Risk assessment

Record of the significant findings of the risk assessment to satisfy local, national or statutory
requirements. Schedule{forregular checks.
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Annex D
(informative)

Laser safety training

The syllabus as listed in Table D.1 should be considered to be part of the laser safety training.
It should be adapted in length and content to suit the laser equipment to be used and take the
role of the persons involved into account, including LASER SAFETY OFFICERS, USERS and staff.

NOTE In some countries, the syllabus for LSOs and for USERS are regulated.
Tablle D.1 — List of training items and allocation to persons involved (arbitrary-order)
Training item LSO USER Qther
gtaff
Chardcteristic features of laser radiation emitted from various types of laser X X
Genefation of laser radiation and hazards X X
Principles of quality assurance X
Equipment management X
Laser}-tissue interactions X X
Effects of exposure of eye and skin to laser radiation X X
Laser|safety management, role of the LSO and investigation of suspécted cases | x X
of acdidental exposure
LASER CONTROLLED AREAS — boundaries — warning signs — acgess control X X
Seleclion and approval of personal protective equipment(PPE) X
Handling of PPE X X
Cleanfing and disinfection of PPE X
Hazailds from reflection or absorption of the laser beam with respect to X
instruments and other substances, and hazards associated with anaesthetic
mixtufes
Develpping the local hazard assessment X X
Hazalds to the patient associated with laser treatment procedures, and methods | x X
of mirjimizing risks
Incidgntal hazards, such-as_electrical hazards, fire and explosion risks, X X
cryoggnic liquids, atmospheric contamination, smoke and tissue debris
Relevint IEC standards and guidelines (plus national regulations, as X X
approppriate)
Mean|ng of symbols used on the equipment, as described by the manufacturer X X
of the|laser_equipment in the accompanying documents
Genefal'uhderstanding of facility-based policies, procedures and documentation | x X
Response and procedures following INCIDENTS or ACCIDENTS X X
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Annex E
(informative)

Inspection schedule

E.1 General

During testing and maintenance of a laser and its accessories, there are some important items
to be checked prior to use of a laser. The design and applicability of individual tests will depend
on the_type of laser. Checklists supplied by the manufacturer should be observed.

The recommendations in Annex E are not exhaustive or universally applicable. They qutline
generpl inspection and testing procedures.

E.2 | Quality assurance (QA) tests

E.2.1 General

The ejquipment parts discussed in E.2.2 to E.2.13 should be tested regularly at the frequency
given|in Table E.1.

Table E.1 — Inspection s¢hedule

Subg¢lause Equipment part Recommended frequency of test
number

E.2.2 Power and footswitch cables Prior to each use or daily, whichever is the less
frequent

E.2.3 Emergency switches Monthly

E.2.4 USER accessible interlocks Monthly

E.2.5 Laser emission indicatox(s) Prior to each use or daily, whichever is the less
frequent

E.2.6 Beam power or pulse energy Prior to each use or daily, whichever is the less
frequent

E.2.7 Articulated\arm movement and physical checks [Prior to commencement of each procedur¢

E.2.8 Convergénce of aiming and main beam Prior to commencement of each procedurg

E.2.9 Fibre (physical check) Each change of fibre

E.2.10 Aiming beam quality Prior to each procedure or change of fibreg
delivery system accessory

E.2.11 Fibre (calbration) Prior to each use or daily, whichever is the less
frequent

E.2.12 Specialized accessories As appropriate (see text)

E.2.13 Protective eyewear Monthly

E.2.2 Cables

The mains supply cord and the footswitch cable should be checked for damage, particularly
where they join to a plug or socket, before the laser is connected to mains supply. It is also
appropriate to check for damage again at the end of a procedure, as cables can be run over or
damaged during use.
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E.2.3 Emergency switches

Any emergency switches on the laser should be checked at regular intervals to ensure that they
function correctly.

E.2.4 Interlocks

Any interlocks (e.g. door, water flow, presence of fibre) should be checked at regular intervals
to ensure that they function correctly.

E.2.5 Indicators

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

E.2.6 Beam RADIANT POWER or pulse energy

There|are two main causes of loss of power or energy at the distal end of a-fransmission system:
opticdl misalignment at any stage or contamination of any of the mirrorsi-Henses or fibres which
form the transmission system. As a result, distal beam power or, ali€rnatively, distal power as
a pergentage of cavity output (which is measured in many lasers) should be determined
regularly. Most manufacturers have built-in or external systeims to accomplish this.|Even
insignfificant amounts of contamination on any of the opticalxcomponents will cause not only
loss df power or energy but also absorption of energy, withipotential thermal damage tp that
comppnent. Contaminations on the detectors of internal, power meters can result in af false
displdy of the output power. This applies to both pulsed and continuous wave lasers. Distal
pulse[energy should also be checked (see also E.2,14).

E.2.7 Articulated arm

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

E.2.8 Beam coincidence

For Igsers using articulated arms, the coincidence of aiming and working beams should be
tested before each use ofithe laser, and possibly during use, especially if it is suspected that
the alignment is distdrbed. This can easily be performed with a marked wooden tpngue
deprepsor as a target. The aiming beam is used to align the working beam to the marked target.
Firing|the working.beam should eliminate the mark. Coincidence of the aiming beam and the
working beam_should be calibrated to be within the tolerance specified by the manufagturer.
After firing, the_burn should be checked for symmetry and uniform depth.

Lensgs.@nd mirrors should not be touched as grease from the fingers can result in dapage.

Th £ 4 1 ol HIy 4 HH 4t ol 1 H N A |
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E.2.9 Optical fibres

Optical fibres used with lasers should be checked for contamination at both ends and for
damage along the entire fibre length prior to connection. A magnifying glass of 10x to 14x
magnification and good illumination will prove helpful for this examination.

WARNING: It is hazardous when the inspection is carried out with the fibre connected to the
laser and the laser equipment being switched on.

Both ends of the fibre should be clean and free of chips, i.e. damage to the edge or face of the
fibre (see E.2.10). Coaxial fibres (those in which a fluid or gas is carried in the fibre) should be
checked to ensure that the outlets are open and that the coolant flows freely. There should be
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no residuals or fluids trapped in the coaxial fibre. Special accessories such as sapphire tips
and other diffusing devices should be checked for cleanliness.

E.2.10 Aiming beam

The quality of the aiming beam at the distal end of the delivery system should be examined
prior to use, and occasionally during use. The beam should then be directed at a clean, light
coloured surface from a distance of approximately 5 cm to 10 cm. The image should be uniform
and circular. Although a small amount of mottling is acceptable, there should be no smears,
blotches, scattered light or dark shadows. The presence of these indicates damage or

contamination of the delivery system. If the aiming beam is clearly defined and of normal
brightness then the fibre tip is probably in good condition

E.2.1 Calibration of the RADIANT POWER (see also E.2.6)

There| are two main reasons for a variation in the power output of a laser. First{_the las¢r can
chande its output by several processes such as misalignment of the mirrors! Secondly, the
delivery system can cause excessive power loss because of misalignmehnt;“contaminatjon or
damage. As a result, all lasers should be regularly calibrated, and many have built-in d¢vices
to mepsure RADIANT POWER at the distal end of the delivery system.

Such [checks should be regularly performed, usually before each’/use, and possibly dufing a
procefure if it is suspected that the delivered power has increaséd or decreased.

The method of calibration can vary according to the laseftype and manufacturer. For exgmple,
either{the actual power delivered or the delivery system’transmission can be measured| Most
laserq have built-in means of measuring power atsthe laser cavity. It is important to copsider
the lops of RADIANT POWER through the delivery system.

The RADIANT POWER delivered by lasers in clinical use possibly does not correspond to the power
indicated on the meter of the laser; therefore, the output should be calibrated periodically
accorgling to manufacturer's instructions:

Adjusiment of the laser and its calibration usually is a matter for the supplier or trained technical
specialist.

E.2.12 Specialized accessories

Any accessories designed for laser use (such as laser instruments, smoke evacuators| etc.)
shoulfl be examined ‘and tested for damage or correct function. This should be performed in
accorflance with/the manufacturer's instructions, or to any requirements set by the LSO.

es—as-wel-as-specia e destopes
and other devices, should be regularly checked and cleaned. Scratches, cracks, damage to
frames, etc. reduce the protective efficiency. The required labelling should also be legible.

E.3 Preventive maintenance

E.3.1 General

All medical laser equipment should be appropriately maintained by a technically competent
person.

Maintenance comprises a range of activities including

a) preventive maintenance of the laser and accessories;
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libration of the output power, energy and temporal characteristics;

c) tasks of dedicated staff members associated with clinical use.

In order that these activities do not compromise the safety of the staff, they should be carried

out in

a LASER CONTROLLED AREA, either one already designated or a temporary facility.

Corridors or other ad hoc rooms where restriction of access is difficult are not recommended as
places to maintain laser equipment.

In addition to the optical radiation safety issues, there are problems associated with collateral

radiat

ion and electrical supplies.

E.3.2
Prior

disinf¢
work.

Appro
mend
of the

E.3.3
This d

Cleaning and disinfection

to the equipment being serviced or repaired, the equipment should be- clean
bcted and be free from any contamination that might harm the persorvcarrying o

priate disinfectants that do not damage the laser equipment will normally be r
ed by the supplier. The local disinfection policy can provide information about the ef
disinfecting agent against the specific pathogen(s) concerned.

Preventive maintenance checklist

hecklist will usually be specified by the manufacturer and undertaken by the supp

by suitably qualified staff.

NOTE
a) In
b) CH
c) Ve

d) Vs
fo

e) Ve

These staff members will usually be trained by the>supplier.

spect and clean optical components.

eck and replace or replenish consumables such as dyes, coolants, filters.
rify the output, aligning the optical cavity as necessary.

bt-switches.

rify that all displayed modes of power, energy, pulse values are within the

manufacturer's specification.

f) CH
g) CH
h) V¢

E.3.4

eck that all optical BEAM DELIVERY SYSTEMS are functioning correctly.
eck the alignment between the therapy and aiming beams.
rify that-thie equipment is electrically safe.

Checks prior to use

rify the correct operation of.the shutter, fail-safe interlocks, emergency switches and

ed or
ut the

bcom-
ficacy

ier or

These are checks prior to each clinical laser session, by the LASER USER. They should include
(user's instructions should be observed):

a) checking the condition of the foot-switch cables and power cables for obvious signs of wear;

b) inspecting the laser handpiece including the output lens for signs of damage or

co

c) ch
co

ntamination;

ecking fibre optics for damage to the cladding (where applicable), cracking or

ntamination at the end of the fibre. A 10x magnifier may be used;

WARNING: Do not inspect the end of the fibre while the laser is switched on. Ensure that
the laser is disconnected from the mains or the fibre is disconnected from the laser aperture.

d) ch

ecking the alignment of the aiming beam and the working beam;

e) checking the laser radiation output at the distal end of the delivery system if a built-in power

or

energy meter is available;
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