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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
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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
oxy@en-enriched atmosphere, a fuel and high power, the three Ingredients necessary 10 creaie| a fire. The
likeljhood that a laser beam will contact the tracheal tube during airway procedures is high.

In the early to mid-1980s, the increasing use of such lasers was followed by airway fires'and, subsequently,
the |development of tracheal tubes designed specifically to be resistant to laser~ignition arjd damage.
Unfortunately, some of these tubes were not sufficiently resistant under operating roemconditions | and airway
fireg continued to occur. These events led to the development of the test method’ described in|this part of
ISO[ 11990, in order to assist the clinician in determining which tracheal tube shaft is most laser-registant for a
defined set of conditions.

© 1S0O 2011 — All rights reserved Vv
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Scope

part of ISO 11990 specifies a method of testing the continuous wave (cw) resistance of th
heal tube designed to resist ignition by a laser. It is not applicable to-other components of
h as the inflation system and cuff, which are defined in ISO 11990-2 (see“Note 1).

E1 ISO 11990-2 specifies the method for testing the laser resistance’of the tracheal tube cuff.
part of ISO 11990 can be used to measure and describe the properties of materials,

bmblies in response to heat and flame under controlledylaboratory conditions. It does not
raise the fire hazard or fire risk of materials, productsor-assemblies under actual clinical use

e shaft of a
the system,

broducts or
describe or
conditions.

ever, the results of this test can be used as onélelement of a fire risk assessment which takes into

bunt all factors pertinent to an assessment of the hiazard of a particular end use.

E 2  The direct applicability of the result of thistest method to the clinical situation has not been fully e
JTION — This test method can involve hazardous materials, operations, and equipmen
50 11990 provides advice on minimizing some of the risks associated with its use by
port to address all such risks.“lt is the responsibility of the user of this part of IS

Tblish appropriate safety and health practices and to determine the applicability of
i

ations prior to use.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only~the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

11146-1, Lasers and laser-related equipment — Test methods for laser beam widths, divergé

and|

tablished.

t. This part
t does not
D 11990 to
regulatory

For dated
referenced

bnce angles

béam propagation ratios — Part 1: Stigmatic and simple astigmatic beams

3
For
3.1

bea
A95

Terms and definitions

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

m cross-sectional area

smallest area containing 95 % of the total beam power

[ISO 11990-2:2010]
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3.2

beam diameter

d95

diameter of an aperture in a plane perpendicular to the beam axis which contains 95 % of the total beam

power

NOTE

[ISO 11990-

3.3

Adapted from ISO 11145.

2:2010]

combustio|
any continu
oxidation w

EXAMPLES
[ISO 11990
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damage
any changg
due to incre

EXAMPLES
[1SO 11990
3.5

ignition
creation of
[1SO 11990
3.6

laser resis
measure of
[1SO 11990
3.7

shaft
portion of th

4 Princ

n
ing burning process that occurs in or on the test specimen caused by a chemical proces
th the liberation of heat

Flame, smouldering, rapid evolution of smoke.

2:2010]

, other than combustion, which may affect the safety of the patientcor efficacy of the tracheal
asing the risk of ignition

Local heating, melting, creation of holes, pyrolysis.

2:2010]

combustion induced by the delivery of power

12:2010]

ance

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

2:2010]

e tracheal tube between the cuff and the machine end of the tube

ple

ube

WARNING — This test method can result in a rocket-like fire involving the tracheal tube. Such a fire
can produce intense heat and light and toxic gases.

To simulate worst-case conditions, the shaft of a tracheal tube is exposed to laser power of known

characterist

ics while in an environment of (98 + 2) % oxygen.
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5

5.1

I1ISO 11990

Significance and use of the test

This part of 1ISO 11990 describes a uniform and repeatable test method for measurin

-1:2011(E)

g the laser

resistance of the shaft of a tracheal tube. Most of the variables involved in laser ignition of a tracheal tube
have been fixed in order to establish a basis for comparison. This test method for measuring can be used to
compare tracheal tubes having differing types and designs of laser protection.

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

NOT
this
affe

5.3
unir

5.4
con

5.5
inst

5.6
con
diffe

E This method can be applied to study the effect of changing the test conditions, but this is outside
part of ISO 11990. For example, variation of the breathing-gas flow rate or different breathing-gas. m
t the laser resistance of the shaft of a tracheal tube.

Since an oxygen-enriched atmosphere is often present in the clinical situation; either intg
tentionally, the test is performed in an environment of (98 £ 2) % oxygen.

A flow rate of 1 I/min of oxygen in a 6,0 mm inner diameter tube was.chosen as the most
ditions for shaft ignition and establishment of a fire, based on the work gited'in Reference [8].

The preparation of the shaft of the test specimen shall be inaccordance with the ma
uctions for use.

Use of beam cross-sectional shape other than circular, or mode of laser power delivery
inuous wave can affect the shaft ignition characteristics. Also, shafts of different constr
rent laser resistances (see References [8] to [14]).

the scope of
xtures might

ntionally or

appropriate

nufacturer's

other than
iction have

6 |Apparatus

6.1| Gas supply system

6.1. The gas supply system shall provide oxygen to the tracheal tube at a controllable flow rafe. Also, the
sysfem shall be capable of rapidly:flooding the containment box with nitrogen or other inert gas |or stopping
oxygen flow, or both, to extingtish any burning material. An oxygen flow meter and controller gnd a quick-
actipn inert gas valve shall bé part of this system (see Figure 1). The nitrogen or inert gas supplied shall be at
a higher pressure and allow-a flow rate of at least an order of magnitude greater than that of the oxygen
supplied to the tracheal tube.

6.1.2 Other arrangements, such as an oxygen flood valve for rapidly purging the containment box or an
inert gas flooding system for rapid extinguishment of burning material, may be used as lpng as the
requirements{of the test method as defined herein are not affected.

© 1S0O 2011 — All rights reserved 3
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test trac

eal tube

tracheal tube support using two clamps
opening [for laser access
containnpent box (lateral view)

enclosur
flashbac]
oxygen f
pressure
quick-ac

e cover (may be multi-piece)

K arrestor

ow meter and controller

regulator with inlet and outlet gauges
ion inert gas valve

Figure 1 — Typical testing apparatus schematic

ainment box

containment box contréls the environment around the test specimen while allowing the |
directed onto the test S§pecimen.

containment box-shall have the following characteristics.

5 direct access of the laser beam to the entire length of the tracheal tube shaft.
5 the mounting of the test specimen.

ains an environment of (98 = 2) % oxygen around the tracheal tube.

pser

It exhausts the gas flowing through the tube and any products of combustion to a safe area.

It is fireproof and easily cleaned of soot and residue from burned tracheal tubes.

It is rectangular in shape and measures approximately 46 cm x 46 cm x 46 cm.

While maintaining the test environment of (98 £ 2) % oxygen, it has openings closed with transparent,
non-flammable covers, or windows, to allow:

1) 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 on two
sides of the containment box) is needed for recording purposes;

© 1S0O 2011 — All rights reserved
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h)

i)

ISO 11990-

2) access to the test specimen;
3) cleaning of the box, and cleaning of the covers and/or windows themselves.

The opening to allow laser access to the test specimen shall be positioned such that the lase

be directed perpendicular to the surface of the shaft. A door, or at least one cover or window,

access to the test specimen.

It can be rapidly flooded with nitrogen or another inert gas to extinguish any fire inside the box.

1:2011(E)

r beam can
shall allow

The top is covered with appropriate filter media to protect the sample and the interior of the box from

6.2.
are

6.3

WA
car

contains hazardous particles of carbon, silica, unburned matter and other materials.

6.3.
trac
the

6.3.
con

gas
con

6.4

WA

dirgctly or by reflection of radiation. In addition to other precautions, test personnel should

int
pre

area.

6.4.
duri

is stiitable for usefin this test.

6.4.
for
ontd

reflections.

B Other configurations may be used, as long as the requirements of the test method)as de
hot affected.

Smoke evacuation
RNING — Combustion of most materials used in tracheal tubes produces toxic gas€

bon monoxide, hydrogen chloride and hydrogen cyanide. Also, the)smoke produced in

(
heal tube, but it shall be designed to minimize the chance of.drawing fire into the exhaust syst
containment box in a fume hood that exhausts to a safe logation satisfies this requirement.

P The smoke evacuation device shall not interfere with maintaining the oxygen environmet

from the opening for laser access. A smoke eyacuation should not be activated until after the
bustion.

Lasers and delivery systems

RNING — Surgical lasers emit radiation of sufficient power to damage living tissue or

fined herein

s such as
such fires

A device shall be attached to the containment box to safely~remove smoke resulting from a burning

em. Placing

t within the

ainment box. For example, the flow of a fume hood should not create draughts that would enter or pull

initiation of

ignite fires

he use of lasers and take proper safety measures based on the type of laser being u
cautions should include laser-safety eyewear, protective clothing and controlled acces

I Various lasef-types emitting radiation of wavelengths in the visible and infrared range
ng ENT (ear, nosé and throat) surgery. Any laser that meets the requirements listed in this teg

P Thercontinuous wave laser radiation shall be applied with the same optical quality as is ty
h surgical procedure. These devices allow a laser beam with known and controllable size to

be trained
ed. These
to the test

s are used
t procedure

bically used
be directed

an area of treatment without physical contact. The system shall provide a beam diame

ter, dgs, Of

0,5

NOTE

mm x TU 7 at the surrace of the test specimen In accordance with 150 11140-1.

Bare fibres, contact tips, contact fibres or other devices that convert some laser power into heat and are used

in physical contact with tissue are not covered by this test method. Heat affects materials differently from laser power and
is inconsistent with this test method.

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.

6.4.3

This can be accomplished by the use of an external power meter or internal calibration systems.

© 1S0O 2011 — All rights reserved
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6.5 Oxygen analyser

6.5.1
of full scale

and a calibrated accuracy of at least 1 % of full scale is satisfactory.

Any device that can measure the concentration of gaseous oxygen with a repeatability of at least 1 %

6.5.2 The oxygen sensor shall be positioned so as to minimize the chance of its ignition by any fire in the

containmen

t box.

7 Reagents and materials

71 Ox

7.2 Nit

8 Prepa

8.1
modification

8.2 Five
8.3 Each

devices mi
insufflation

8.4 The
laser resist

EXAMPLES

8.5 The fest specimen and apparatus shallcbé equilibrated to (20 £ 3) °C in an oxygen-enriched (98 + ?

atmospherg

NOTE 1
flammability
some polymg

1

g

N

NOTE 2
oxygen for Ig

9 Preps

The {est specimen shall be any material, device or system used as a tracheal tube, with what

h

ygen, (98 £ 2) % (volume fraction) pure.

rogen or other inert gas (i.e. non-oxidizing, non-flammable), (98 + 2) % (volume fraction) pure

ration of test specimen

s used to protect the tracheal tube from laser power.

est specimens shall be used.

test specimen shall be prepared according to the manufacturer's instructions for use. S
with inert gas).

st specimens shall be free from extraneous materials, as such materials can significantly alte
ce of the tracheal tube.

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

for 10 min prior to the start of testing.

[his is done to standardize the test conditions rather than to simulate a clinical condition. The ignitability
pof most materials do not significantly change between room temperature and body temperature. Hows
rs do change their oxygén‘absorption, and therefore their flammability, with temperature.

bome materials, suehyas polymers, absorb oxygen and can have diminished laser resistance if expose
ng periods of time.

ration.of apparatus

9.1 Ensu

pver

bme

pht require special preparation (e.g. wetting of tube,.filling cuff with isotonic saline or water,

the

) %

and
Bver,

d to

Fe-that the containment box is clean (i.e. free of contaminants). The enclosure covers should be

clear and clean enough to allow test personnel to view laser interaction with the test specimen by observation
with video cameras.

NOTE

9.2
is in place.

9.3

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

resulting fire.

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

Ensure that there is adequate oxygen for the test and nitrogen, or other gas, for extinguishing any

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=8b8d1351b07367e3bf63aeecaa5f09a0

I1ISO 11990

-1:2011(E)

9.4 Have other means of fire extinguishment (e.g. a carbon dioxide fire extinguisher) at hand. Water is not
recommended, as it will not extinguish some materials burning in oxygen and, if used, will cause considerable
soiling of the containment box and will interfere with interpretation of the results of laser interaction with the

test

10

specimen. Water is not recommended for use on fire involving energized electrical equipment.

Test procedure

10.1 Perform the test at (20 + 3) °C.

10 2 _lnceart thg tast shacimen-inthe containment hax Caonnectthe-aas stunnhsesvetam to thg anng
. HHS8H—tHEe-t8St+-SPpecHe-HRtH AHEHHReRB X RRec+Re-ga HPpPry-SYSteito-teappa

ratus.

10.3 Place the enclosure cover on the top of the containment box, as shown in Figure 1-\Ens

ope
still
thro

10.4

10.5
in th

10.6

(98
env

10.7

Ligh the enclosure cover.

Ensure that the inert gas flush is working properly.

e containment box during the test.

ronment.

Establish an oxygen flow rate of 1 I/min through thefést specimen.

10.8 Position the laser so that

Latg

the laser beam is perpendicular to the surface of the shaft of the test specimen (see Figure 2);

the beam diameter, dgg, measuredsin accordance with ISO 11146-1, shall be 0,5 mm +
surface of the test specimen (the beam cross-sectional area, Ag;, is a critical dimension).

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

Ure that the

ning for laser access is as small as possible, in order to maintain the oxygen-enriched atmosphere while
allowing laser access to the shaft of the test specimen. Also, ensure that the test'specimen is visible

Ensure that the smoke evacuation system is working properly and.will not affect the gas concentration

Flow oxygen into the containment box at a rate and time period sufficient to establish an environment of
+ 2) % oxygen. This oxygen level shall be verified by use ofan oxygen analyser (see 6.5) measuring the

10 % at the

Key

b/ 2

1 test shaft
2 laser beam

Figure 2 — Laser beam firing angle
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10.9 Verify that the following standardised test parameters are correct during performance of the test:

ositioning of the laser beam;

concentration: (98 + 2) %;

temperature (20 + 3) °C;

flow rate:1 I/min;

laser beam diameter dg=: 0,5 mm + 10 %;

a) exactp
b) oxygen
c)
d) oxygen
e)
f)

10.10 Stafting with a power of 2 W, apply the laser beam to the test specimen for a specified duration o

upto 10 s

damage (i.¢. melting, perforation, leakage, etc.) occurs or if there is difficulty with the testyapparatus. TH

data shall b

10.11 Inc
power level

new specinien or, if the construction of the shaft is identical around the wholé& circumference, rotation of
bt a cool, clean undamaged area) for each new power level-te’ determine the maximum pg

specimen (
setting at w
verify the m

11 Interp

11.1 Any

to the maxi[rﬁ

11.2 Any @lamage (see 3.4) to the test specimer’ (e.g. melting, creation of holes) shall be described in

test report,

mode ¢f laser operation: continuous wave.

laser type, nominal wavelength and delivery system used;

1s

aximum, using the continuous wave mode of laser operation. Stop the laser beam if ignition, or

reported in addition to data collected at 10 s.

ase the laser power in reasonable steps. Repeat the application of the laser beam for each
or until ignition or damage occurs as described in 10.10. This shall necessitate either the use

hich ignition or damage did not occur. Once the maximum-power setting has been determi
aximum power setting by beginning the testing procedure.with the five specimens according td

retation of results

st specimen that experiences ignition as defined in 3.5 is considered to have laser resistancs
um power at which the ignition did not occur under the specified test conditions.

ogether with the laser settings that caused such change(s).

eport

ort shall include the'following information for each test specimen:

bwer duration, expressed in seconds;

im-power, expressed in watts, of the laser;

ese

new
of a
the
wer
hed,
8.2.

D
b

up

the

12 Test1
The test ref
a)
b) laserp
C) maxim
d)
e)
f)
g) length,
h)
i) power,
8

outside diameter, expressed in millimetres, of the test specimen;
manufacturer of tracheal tube and identifying data, material of the shaft;

whether the shaft material is laser-resistant or not;

expressed in centimetres, of the test specimen;

a description of any ignition or damage;

expressed in watts, at which ignition or damage of the shaft occurred;
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