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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

A fire in the airway is always a serious matter. In addition to local damage in the larynx, injury can
occur to the lower airway and the parenchymal tissue in the lung. The products of combustion can be
blown into the lungs.

Procedures performed in the airway, where a tracheal tube and a laser are used, bring together an
oxygen-enriched atmosphere, a fuel and high power, the three ingredients necessary to create a fire. The
likelihood that a laser beam will contact the tracheal tube during airway procedures is high. This led
to the development of a test method, described in this document, to assist the clinician in determining

h' frach ool o 1 Lhofi oo tlhha oo £1a o dekaat e daos o Jdof1.0 o fof oo dis oo
whnliCgtraertartuoe-Ssarcwastne o st raser-teststant et a ac e aSe T orcohRattons:

Unfortunately, fires with tracheal tubes, whose shafts were laser-resistant accordingto'thjs document
have|continued to occur. Investigations have shown that the cuff, and not the shaft, of the tracheal tube
is th¢ area of lowest laser resistance and most likely to be contacted by the laserdeam, even when used
according to the manufacturer's instructions. Clinical experience has shown,that not only| perforation
of the part of the shaft below the cuff has happened, but also ignition of the outer surfacg of the cuff.
Thiscould then ignite other parts of the tracheal tube, such as the tip, which is normally urfprotected.

© ISO 2018 - All rights reserved v
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Lasers and laser-related equipment — Determination of
laser resistance of tracheal tube shaft and tracheal tube
cuffs

1 Scope
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document specifies a method of testing the continuous wave (cw) laser resistancecof]
cheal tube and the cuff regions including the inflation system of tracheal tubes desig]
on by a laser.

1  When interpreting these results, the attention of the user is drawn toythe fact th

2 The attention of the users of products tested by this method is drawn to the fact that
hvelength sensitive and tested at the wavelength for which it is intended/to be used. If teste
engths, explicitly state the power settings and modes of delivery.

ION — This test method can involve hazardous materials, operations and equ
ment provides advice on minimizing some of the risks associated with its use
ort to address all such risks. It is the responsibility of the user of this document
opriate safety and health practices and to determine the applicability of
ations prior to use.

following documents are referred teo.in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition-of the referenced document (including any amendme

1146-1, Lasers and laser-reldted equipment — Test methods for laser beam widths, diver]
eam propagation ratios(~—-Part 1: Stigmatic and simple astigmatic beams

1810, Lasers and laser-related equipment — Test method and classification for the las
rgical drapes and/or’ patient protective covers — Primary ignition, penetration, flamg
dary ignition

EC Guide-99; International vocabulary of metrology — Basic and general concepts an
5 (VIM)

361:2016, Anaesthetic and respiratory equipment — Tracheal tubes and connectors

Cability of the results of this test method to the clinical situation has not been fully established|.
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ISO 11145:2016, Optics and photonics — Lasers and laser-related equipment — Vocabulary and symbols

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11810, ISO/IEC Guide 99 and
the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
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beam diameter

dos

smallest diameter of a circular aperture in a plane perpendicular to the beam axis that contains 95 % of
the total beam power (energy)

[SOURCE: ISO 11145:2016, 3.3.1, modified — The value of contained total beam power has been set to
95 %, and the note to entry has been removed.]

3.2

beam cross-sectional area

Aogs

smallest coif

[SOURCE: IS
95 %, and t}

3.3

combustio
any contin
oxidation w

EXAMPLE
[SOURCE: IS

3.4

cuff
inflatable b
effective sed

[SOURCE: IS

3.5
damage
any change,
tube due to

EXAMPLE
[SOURCE: IS

3.6
flammable
subject to ig

[SOURCE: I§

npletely filled area containing 95 % of the total beam power (energy)

0 11145:2016, 3.2.1, modified — The value of contained total beam power has been 5
le note to entry has been removed.]

l:ring burning process that occurs in or on the specimen caused Byya chemical proce

th the liberation of heat
Flame, smouldering, rapid evolution of smoke.

0 11810:2015, 3.7]

et to

ss of

hlloon permanently attached around the tracheal tube near the patient end to provide an

I between the tube and the trachea

0 5361:2016, 3.4]

other than combustion, which can affect the safety of the patient or efficacy of the tra
ncreasing the risk of ignition

Local heating, melting, creation of holes, pyrolysis.

0 11810:2015, 3.8 rfodified — “product” has been replaced with “tracheal tube”.]

nition and/flaming combustion

0.11810:2015, 3.9]

rheal

3.7
ignition

creation of combustion induced by the delivery of power

[SOURCE: IS

3.8
laser resist

0 11810:2015, 3.10]

dance

measure of the ability of a material to withstand laser power without ignition or damage

[SOURCE: IS

0 11810:2015, 3.11]
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3.9
melt
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ing behaviour

softening of a material under the influence of heat (including shrinking, dripping and burning of molten
material, etc.)

[SOU
3.10

RCE: ISO 11810:2015, 3.12]

penetration resistance
ability of a material to prevent the passage of laser energy

[SOU

3.11
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4 ]

WAR
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5.3
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RCE:1S011810:2015 3 14]

[
on of the tracheal tube between the cuff and the machine end of the tube

Principle

can produce intense heat and light and toxic gases.

mulate worst-case conditions, the material is exposed to-laser power of known charg
ivironment of up to 98 % * 2 % oxygen.

bignificance and use of the test

This document describes a uniform and repeatable test method for measuring the lasg
e shaft and the cuff of a tracheal tube. Most of the variables involved in laser ignition
have been fixed in order to establish.a basis for comparison. This test method for meas
to compare tracheal tubes having differing types and designs of laser protection.

A large number and range of variables are involved in the ignition of a tracheal tube.
ariable can affect the outgome of the test. Caution should be observed, since the direct
e results of this test method to the clinical situation has not been fully established.

1  This method camybe applied to study the effect of changing the test conditions, but this
of this document(Eor example, variation of the breathing-gas flow rate or different breathing-
[ affect the lasef resistance of the shaft and cuff of a tracheal tube.

Since an 0xygen-enriched atmosphere is often present in the clinical situation, either i
lintentionally, the test is performed in an environment of 98 % * 2 % oxygen.

5.4

NING — This test method can result in a rocket-like fire involving the tracheal fube. Such a

cteristics in

b resistance
bf a tracheal
uring can be

A change in
hpplicability

s outside the
gas mixtures

ntentionally

Aflow rate of 11/min of oxygen in a 6,0 mm inner diameter tube was chosen as the mos

appropriate

condition for shaft and cuff ignition and establishment of a fire, based on the work cited in Reference [5].

5.5 The preparation of the specimen shall be in accordance with the manufacturer's instructions for use.

5.6 Use of beam cross-sectional shape other than circular, or mode of laser power delivery other than
continuous wave can affect the shaft and cuff ignition characteristics. Also, shafts and cuff of different
construction have different laser resistances (see References [5] to [12]).

5.7 The majority of manufacturers of laser-resistant cuffs recommend using isotonic saline or water
to fill the cuff. For preliminary testing of leakage of the cuff, filling with air is recommended by most
manufacturers. This can cause an air bubble, which, in a typical position of the patient during surgery,
is not on the top of the filled cuff, but at the area where the cuff and shaft meet. The test report shall

© ISO
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include whether a bubble occurs and, if so, report if the bubble fills out the space between the cuff and
the underlying shaft material, and whether the shaft material in the cuff region is laser-resistant or not.

NOTE 2  This method can be applied to study the effect of changing the test conditions, but this is outside the
scope of this document.

6 Apparatus

6.1 General

6.1.1 The|test apparatus shall consist of a draught-resistant ventilated containment box, specimen
holder, specimen rack, laser energy source and associated parts (see Figure 1).

Key

1 testspedimen 6  flashback arrestor

2 specimeh holder using two clamps 7  oxygen flow meter and controller

3 opening for laser access 8  pressure regulator with inlet and outlet gauges
4  containment box (lateral view) 9  quick-action inert gas valve

5 enclosurg cover (maybe mudti-piece)

Figure 1 — Typical testing apparatus (schematic)

6.2 Containment box

6.2.1 The containment box controls the environment around the specimen while allowing the laser
beam to be directed onto the specimen.

6.2.2 The containment box shall have the following characteristics:

a) rectangular in shape and measures approximately 46 cm x 46 cm x 46 cm;

b) fire-proofand easily cleaned of soot and residue from burned specimens;

c) anopening, or at least one cover or window, to allow access to the test specimen;

d) allow direct access of the laser beam to the specimen;

4 © ISO 2018 - All rights reserved
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e) allow observation with video cameras on the top and on all sides of the box; a minimum of three
video cameras (one camera positioned above the containment box and two cameras positioned at
two of the sides of the containment box) is needed for recording purposes;

f) exhaust the gas and any products of combustion to a safe area;

g) allow cleaning of the box, and cleaning of the covers and/or windows themselves;

h) maintaining an environment of 98 % * 2 % oxygen around the specimen;

i) it can be rapidly flooded with nitrogen or another gas to extinguish any fire inside the box;

I

6.2.3
here

6.3

The s
of pd
show|
such
and 1

he internal surtfaces are non-reflective to protect the specimen from retlections.

Other configurations may be used, as long as the requirements of the test(metho
n are not affected.

Specimen holder

pecimen holder shall allow laser access to the test specimen to be able to allow for diff]
sitioning of the tracheal tube and an angle of the laser beam te the tracheal tube ci
s these angles (denoted as a and ) which allows the mounting of the test specimen
that an air bubble, if present, inside the cuff is directed to the connecting area betw
he tube shaft.

1 as defined

erent angles
Wff. Figure 2
at an angle
een the cuff
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¢) tilted alignment: « between 40° and 45°; § = 10° (laser beam impacting at the air bubb]Ie)

Key
cuff of the test specimen

laser beam

air bubble

angle between horizontal line and the cuff symmetry axis

angle between cuff symmetry axis and the optical axis of laser beam

O TR W N

Horizontal line.

=2

Cuff symmetry axis.

(g]

Optical axis of laser beam.

Figure 2 — Alignment of test specimen and angle of impact of the laser beam on the cuff

6 © ISO 2018 - All rights reserved
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6.4 Lasers and delivery systems

WARNING — Surgical lasers emit radiation of sufficient power to damage living tissue or ignite
fires directly or by reflection of radiation. In addition to other precautions, test personnel should
be trained in the use of lasers and take proper safety measures based on the type of laser being
used. These precautions should include laser-safety eyewear, protective clothing and controlled
access to the test area.

6.4.1 Various laser types emitting radiation of wavelengths in the visible and infrared ranges are used
during ENT (ear, nose and throat) surgery. Any of these lasers that meet the requirements listed in this
test procedure are suitable for use in this test.

6.4.1 The continuous wave laser radiation shall be applied with the same optical quality as it is
typidally used for a surgical procedure. The system shall provide a beam diameter, dgs,.0f 0,3 mm * 10 %
at the surface of the specimen in accordance with ISO 11146-1.

CAUTION — Cooling or clearing gases shall not be used. Cooling or clearing gases are used by
some lasers to maintain the quality of the delivery system. The flow of these gases can alter the
measured laser resistance, e.g. by extinguishing nascent fire.

6.5 | Power meter

6.5.1 For measuring the power of the laser radiation and-for determining the penetration resistance,
powér meters which provide a measuring range from less-than 10 mW to greater than 2( W shall be
used| A response time of <0,25 s shall be used for the pefiétration resistance measurements. [lesting shall
be done at the power density required for the test.

6.5.2 The power of radiation transmitted by these systems shall be verified as accurate as|+10 %. This
can He accomplished by use of an external pawer meter or internal calibration systems.

6.6 | Gas supply system

6.6.1 The gas supply system(shall provide oxygen to the tracheal tube at a controllable flow rate. Also,
the slystem shall be capable of rapidly flooding the containment box with nitrogen or other|inert gas or
stopping oxygen flow, or both, to extinguish any burning material. An oxygen flow meter arld controller
and & quick-action inertgas valve shall be part of this system (see Figure 1). The nitrogen|or inert gas
supplied shall be at ahigher pressure and allow a flow rate of at least an order of magnitude greater than
that pf the oxygensupplied to the tracheal tube.

6.6.2 Otherarrangements, such as an oxygen flood valve for rapidly purging the containment box or
an irfert gas-flooding system for rapid extinguishment of burning material, may be used ag long as the
requjrements of the test method as defined herein are not affected.

6.6.3 Oxygen analyser: any device that can measure the concentration of gaseous oxygen with a
repeatability of atleast 1 % of full scale and a calibrated accuracy of at least 1 % of full scale is satisfactory.
The oxygen sensor shall be positioned so as to minimize the chance of its ignition by any fire in the
containment box.

6.7 Environment

6.7.1 Ambient air conditions

The tests under ambient air conditions shall be performed at room temperature of 20 °C + 3 °C and
20 % * 2 % relative humidity.

© ISO 2018 - All rights reserved 7
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6.7.2 Oxygen enriched atmospheres

The tests shall be performed under oxygen-enriched atmosphere, i.e. at oxygen concentration of
98 % * 2 %.

The oxygen concentration within the containment box shall be established at the desired level by
proportional mixing of nitrogen and oxygen by suitable means.

6.8 Smoke evacuation device

WARNING — Combustion of most materials produces toxic gases such as carbon monoxide,
hydrogen ¢hioride and hydrogen cyanide. AlSo, the sSmoKe produced in such fires comtains
hazardous particles of carbon, silica, unburned matter and other materials.

6.8.1 A dg¢vice shall be attached to the containment box to safely remove smoke resulting from a
burning spefimen but shall be designed to eliminate the chance of drawing fire into theyexhaust system.
Placing the ¢ontainment box in a fume hood that exhausts to a safe location satisfies this requiremept.

6.8.2 Thepmoke evacuation device shall not interfere with maintaining the oxygen environment within
the containmnent box. For example, the flow of a fume hood shall not create draughts that would enfer or
pull gas froin the opening for laser access. The smoke evacuation shalliotbe activated until after the
initiation of combustion.

7 Reagents and materials
7.1 Oxygén, 98 % * 2 % (volume fraction) pure.

7.2 Nitrogen or other gas (i.e. non-oxidizing, nonsflammable), 98 % * 2 % (volume fraction) purj

®

8 Preparation of test specimens

8.1 The tgst specimen shall be any material, device or system used as a tracheal tube, with whatever
modifications are used to protect thé tracheal tube from laser power.

8.2 Five tgst specimens shalkbe used.

devices can [require gpecial preparation (e.g. wetting of the tube, filling the cuff with isotonic salipe or

8.3 Each ‘]lest specimen shall be prepared according to the manufacturer's instruction for use. $ome
water, insufflation with inert gas). Measure the outer diameter of the filled cuff.

8.4 The tdstSpecimens shall be free from any extraneous materials, as such materials can significantly
alter the laser resistance of the tracheal tube.

EXAMPLE Char, ash, soot, blood, mucous, lubricants and other materials.

8.5 The test specimen and apparatus shall be equilibrated at 20 °C £ 3 °C in an oxygen-enriched
98 % + 2 % atmosphere for 10 min prior to the start of testing.

NOTE1 This is done to standardize the test conditions rather than to simulate the clinical condition. The
ignitability and flammability of most materials do not significantly change between room temperature and body
temperature. However, some polymers change their oxygen absorption, and therefore their flammability, with
temperature.

NOTE 2 Some materials, such as polymers, absorb oxygen and might have diminished laser resistance if
exposed to oxygen for long periods of time.

8 © ISO 2018 - All rights reserved
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9 Preparation of apparatus

9.1

NOTE

Ensure that the containment box is clean (i.e. free of contaminants).

Contamination can interfere with the performance of the test or evaluation of the results.

9.2 Ensure that the laser is in working order, that its operation is understood, and that personnel
protection is in place.

9.3 Ensure that there is adequate oxygen for the test and nitrogen or other gas for extinguishing any
resulfing fire.

9.4

is no
cons
inter

Have other means of fire extinguishment (e.g. a carbon dioxide fire extinguisher) at
t recommended, as it will not extinguish some materials burning in oxygen and; if use

equipment.

10 Test methods

10.1] General conditions

10.1

10.1

10.1

1 Perform the test at 20 °C + 3 °C.

3 Ensure that the opening for laser access is as small as possible, in order to maintain|

enrighed atmosphere but still allow laseraccess to the specimen.

10.1

10.1
conc

10.1

4 Ensure that the gas flush is working properly.

entration in the contaihment box during the test.

6 Flow oxygen.into the containment box at a rate and time period sufficient to

hand. Water
d, will cause

derable soiling of the containment box and will interfere with interpretationi-of the regults of laser
ction with the specimen. Water is not recommended for use on a fire involving energized electrical

2 Insert the specimen in the containment bex»Connect the gas supply systems to the apparatus.

the oxygen-

5 Ensure that the smoke” evacuation system is working properly and will not affect the gas

bstablish an

envifonment of 98.% * 2 % oxygen. This oxygen level shall be verified by use of an oxygen analyser
(6.6.8) measuring-the environment.

10.2 Shaft

10.2

.1 The laser shall be positioned so that

— thelaser beam is perpendicular to the surface of the shaft of the test specimen (see Figure 3);

— the beam diameter, dgs, measured in accordance with ISO 11146-1, is 0,5 mm * 10 % at the surface
of the test specimen (the beam cross-sectional area, Ags, is a critical dimension).

Lateral motion of the laser spot shall be minimized by some form of stabilization.

© ISO 2018 - All rights reserved
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D/2

Key

1 testshaf
2 laser bed
D  diametet
10.2.2 Veri
a) exactp(
b) oxygen
c) tempery
d) oxygen
e) laser be
f) mode of
10.2.3 Star
of 1 sup to

ignition, or
apparatus. T

10.2.4 Incr
new power

m

Figure 3 — Laser beam firing angle

y that the following standardised test parameters are correct during performance of the
sitioning of the laser beam;

concentration: (98 + 2) %;

iture: (20 + 3) °C;

flow rate: 1 1/min;

am diameter dgs: 0,5 mm * 10 %;

laser operation: continuguswave.

[ing with a power of 2 W, apply the laser beam to the test specimen for a specified dur
10 s maximum, using the continuous wave mode of laser operation. Stop the laser be
Hamage (i.e. melfing, perforation, leakage, etc.) occurs or if there is difficulty with thg
hese data shall'be reported in addition to the data collected at 10 s.

base the-ldser power in reasonable steps. Repeat the application of the laser beam for
evel o1 until ignition or damage occurs as described in 10.2.3. This shall necessitate ¢

the use of a

néw, specimen or, if the construction of the shaft is identical around the whole circumfer

test:

htion
am if
b test

each
ither
ence,

rotation of thespecimen {atatool, cleam undanmaged area) for eacir mew power tevel to determmin
maximum power setting at which ignition or damage did not occur. Once the maximum power setting
has been determined, verify the maximum power setting by beginning the testing procedure with the
five specimens according to 8.2.

10.3 Cuff

10.3.1 The

laser shall be positioned so that:

the

— the laser beam is applied at a 10° angle (denoted as £ in Figure 2) to the cuff symmetry axis and is

focused

10

on the connecting area between the cuff and the shaft.
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