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Foreword

ISO/TR 11991:1995(E)

ISO (the International Organization for Standardization) is a worldwide]
national standards bodies (ISO member bodies). The work of preparing

Standards is normally carried out through

ISO technical committees.
body interested in a subject for which a technical committée has been
the right to be represented on that committee. International organiza
mental and non-governmental, in liaison with ISQJ-also take part in
collaborates closely with the International Electrotechnical Commission]

matters of electrotechnical standardization.

federation of
International
Fach member
ions, govern-
e work. ISO
(IEC) on all

Itablished has

The main task of technical committeesyis to prepare International Stapdards, but in

exceptional circumstances a technical committee may propose the pul
Technical Report of one of the following types:

blication of a

— type 1, when the requiired support cannot be obtained for the puljlication of an

International Standard, despite repeated efforts;

type 2, when“the subject is still under technical development or
other reasonthere is the future but not immediate possibility of an
an International Standard;

type-3, when a technical committee has collected data of a differ|

where for any
agreement on

ent kind from

that which is normally published as an International Standard ("stite of the art",

for example).

Technical Reports of types 1 and 2 are subject to review within t
publication, to decide whether they can be transformed into Internatio
Technical Reports of type 3 do not necessarily have to be reviewed until
provide are considered to be no longer valid or useful.

ISO/TR 11991, which is a Technical Report of type 3, was prepared

eec years of
al Standards.
the data they

by Technical

Committee ISO/TC 121, Anaesthetic and respiratory equipment, Subcomnmittee SC 2,

Tracheal tubes and other equipment.

This document is being issued as a type 3 Technical Report to sumrharize current

methods for airway management during laser surgery of the upper airwaj
the risk of fire. (See the Introduction.)

to minimize
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provides information for clinicians for appropriate selection of airway
operations on the upper airway, including the larynx, in which a laser
also provides information for the appropriate selection of intubation
ubation techniques. Tracheal tubes are commonly used in patients
ral anaesthesia for such operations. These tubes provide effective
rentilation and oxygenation, protect the airway from aspiration (if

i allow monitoring of ventilation through capnography and spirometry.
source of intense light energy which can provide an ignition source, so
s a risk in the operative field. Risk of fire is particularly‘énhanced in
or N,0) enriched atmospheres. Tracheal tubes assist\ventilation and
nitoring but may be ignited by the laser in these cireumstances.

pcedures, the clinician must be aware of the risk of fire. Fire requires

ents:  an ignition source, a combustible maternal, and an oxygen source.
> are sometimes referred to as "the fire tiiangle”. During laser surgery
er airway, all three elements are often-present. The laser is an intense
which can provide a source of ignition. Tracheal tubes when present

made of combustible material.. Einally, most patients are treated in an
iched atmosphere. Care to minimize these three elements is essential

fire during laser surgery ofithe upper airway.

erous methods available for airway management during laser

on the upper airway,’ each has its own risks and advantages. This guide
the current methods and the applications, advantages, and

es of each. ~The guide serves to assist the anaesthetist and surgeon in
lecision regarding selection of the most appropriate method to

ind ventilate the patient during laser surgery involving the upper

is guide does not recommend any one method of airway management.
ta-included in Table 1 of this guide are based upon continuous beam

CO, Lasers. While this data may not be directly applicable to otier wavelengris

or beam m

odes (such as super pulse), the basic principles still apply. Decisions

regarding practice methods can only be made by the clinicians caring for the
patient, having knowledge of the clinical circumstances, available expertise, and

technology,
surgery.

e.g. the properties of the specific laser wavelength planned for the

Other complications of laser surgery not involving airway management may be
found in ANSI Z136.1 (1), and ANSI Z136.3 (2), CAN/CSA Z386 M91 (3).
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Guidance on airway management during lasér surgery of
upper airway

1 Scope

At present there is no way to avoid completely the risk of an airway fire when a
laser is used in the airway. This guide is intended to help minimize this risk by
listing a) those characteristies-of a tracheal tube that make it most suitable |for
laser airway operations, recognizing that it may not be possible in practice {o
produce a device combining such characteristics; b) several standard practiges that
reduce the risk of airway fire during laser operations on the airway; c)
recommendations-for emergency management should an airway fire occur.

This guide represents current knowledge at the time of publication and is spbject
to review.\This guide does not address management of the patient with a
tracheostomy. This guide is also intended to assist related groups, such as Jaser
safety.committees.

2 References

ISO 5361-1:1988, Tracheal tubes — Part I1: General requirements.

ISO 5361-2:1993, Tracheal tubes — Part 2: Oro-tracheal and naso-tracheal tubes of Magill type (plain
and cuffed).

1SO 5361-5:1984, Tracheal tubes — Part 5: Requirements and methods of test for cuffs and tubes.
ISO 7228:1993, Tracheal tube connectors.

ISO 10993-1:—D, Biological evaluation of medical devices — Part 1: Evaluation and testing.

1) To be published. (Revision of ISO 10993-1:1992)
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3 Terminology
For the purpose of this technical report, the following definitions apply.

3.1 anatomical airway : Natural pathways through which respired gases pass in
either direction between the atmosphere and the alveoli.

3.2 combustion : Rapid oxidation to produce heat and light.

33 F,0, : [The fractional concentration of oxygen in inspired gas.

3.4 flammability : The ability to sustain combustion.

3.5 ignitability : The ability to initiate combustion.

3.6 intubation : Placement of a tracheal tube into the trachea.
3.7 laser p
with a non-

tissue as a

latform : A surgical handpiece made of a non-combustiblé:material
reflective surface. The end of the device is placed behind the target
packstop for the laser.

lume : Gaseous and particulate by-products of combustion and/or
oduced by the effect of laser energy upon a.target.

3.8 laser p
pyrolysis pr

3.9 oxidan

N,O) in tot

3.10 oxyge
necessary t

3.11 pledg

t enriched atmosphere : Any atmosphere-that contains oxidants (O,,
al concentration greater than 25% of ,volume at ambient pressure.

n index of flammability : The-ninimum concentration of O, in N,
b support a candle-like flame for a given substance.

et (cottonoid) : A compress, usually of gauze or absorbent cotton.

3.12 power density (irradiance) : The power delivered by a laser beam per unit

area of irrd

3.13 pyroly

by heat alo

3.14 specu
a way that
reflectance

diated surface-(spot size), expressed as watts per square centimetre.

sis : Transformation of a compound into one or more other substances
ne (without oxidation).

lar‘reflectance— 'rhp charactenstics of a material to reflect ]lghf 1n such

the angle of reflection is equal to the angle of incidence, such as the
from a mirror.

3.15 thermal conductivity : Time rate of heat flow through unit area, per unit

temperatur

e gradient, in the direction perpendicular to the area.

3.16 upper anatomical airway (the upper airway) : The airway above the

laryngotrac

heal junction.


https://standardsiso.com/api/?name=154ef6a0eb8958fa14ca69c1984cf139

©ISO ISO/TR 11991:1995(E)

4 Ideal properties of tracheal tubes for use with lasers

4.1 Materials

The materials used for the manufacture of the part of the tracheal tube intended
to lie in the upper airway should have the following characteristics:

4.1.1 Ignitability

Materials should be resistant to ignition by a laser beam in the presence 0f{100 %
020

4.1.2 Flammability
Materials should not maintain combustion in 100 % O,.
4.1.3 Specular reflectance

Materials should have no specular reflectance so.as to avoid injury to non-targeted
tissue.

4.1.4 Heat transfer
Materials should minimize heat transfer that may damage adjacent tissue.
4.1.5 Products of pyrolysis and combustion

The products of pyrolysisiand combustion should satisfy appropriate biologi¢al
safety test as specified 1n ISO 10993-1.

4.2 Design
4.2.1 General

Tubes should comply with the requirements specified in ISO 5361-1, ISO 5361-2,
ISO5361-5 and ISO 7228.

4.2.2 Integrity

In the event of tube ignition, integrity of the tube and attached components
should be maintained so that they can be immediately removed intact.

4.2.3 Transparency
The material used for the manufacture of the tracheal tube should be sufficiently

optically transparent or translucent to enable condensation of airway vapour and
evidence of combustion to be seen within its lumen.
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4.2.4 Cuff inflation

The tracheal tube cuff should be capable of being inflated with liquid and rapidly
deflated under normal conditions of use.

4.2.5 The cuff and inflation system

The cuff and inflation system, if exposed, should be laser resistant.

43 Packaging and labelling

4.3.1 The {
individually]

racheal tube and attached components should be preassembled and
packaged.

4.3.2 The tube should be intended and labelled for single use.
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With the p
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on of current practices which reduce the risk of airway fire

there is no way to completely avoid the risk of an airway fire when a

d in the airway. The following are descriptions of current practices
the risk of airway fire. Accompanying each practice is a discussion of
res and disadvantages. No significance should@be attributed to the

ich these practices are presented.

tubation techniques

ods of ventilation do not use a fracheal tube.

taneous breathing techniques

atient breathing spontaneously, gas with or without supplemental
or potent inhalation anaesthetic is insufflated into the operating

e, bronchoscope; a metal hook, or a catheter (4). The anaesthetic may
ented with intravenous agents and/or regional anaesthesia to the

: There is no tracheal tube in the airway so that the risk of fire is
he)method also provides excellent visibility of the surgical field and

avoids potential trauma to the airway that use of a tracheal tube might cause.

Disadvantages : Hypoventilation is a risk which may go undetected since
capnography is difficult and inaccurate, and spirometry cannot be used.
Pulmonary aspiration of gastric contents and/or laser plume can also occur.
Ventilation cannot be assisted or controlled. Depth of anaesthesia may fluctuate
so that patient movement can occur. Insufflation techniques make scavenging

anaesthetic gases difficult. The risk of fire is increased if a flammable catheter is
used as the insufflation device.
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5.1.2 Apnoeic techniques

The patient is ventilated through a mask, tracheal tube, or bronchoscope, using
oxygen-enriched gas, with or without potent inhalation anaesthetic. During
ventilation, the laser is not used. Ventilation is then temporarily discontinued and
the mask or tracheal tube is removed. During apnoea, laser resection is
performed. After a period of time, laser resection is stopped and ventilation is
resumed. Periods of ventilation alternate with laser resection/apnoea in this

JUENNISS

Advantages : There is no tracheal tube in the airway so that the risk of fire |s
reduced. The method also provides excellent visibility of the surgical field and
avoids potential trauma to the airway that use of a tracheal tube might cause.

Disadvantages : Hypoventilation is a risk which may go undetected since

capnography and spirometry are not applicable during apnoea. Pulmonary
aspiration of gastric contents and/or laser plume may-occur. There is a potgntial
for airway trauma from repeated instrumentation.

5.1.3 Jet ventilation technique

A metal needle or similar device is mounted either in the operating laryngoscop¢ or
placed below the site of operation and attached to a jet injector. A high-velocity jet
of O,, air/O,, N,0/0,, or He/O, mixture is directed into the airway lumen either
above or below the glottis by the surgeon. The lungs are ventilated with jet gag and
entrained room air (5).

Advantages : There is ng tracheal tube in the airway so that the risk of fire is
reduced. The method also provides excellent visibility of the surgical field and pvoids
potential trauma to-the airway that use of a tracheal tube might cause.

N4

Disadvantages. ) Hypoventilation can be a problem with this technique due to thg
following;~ebstructive airway lesions, decreased pulmonary compliance (e.g.
bronchospasm, obesity, or chronic obstructive pulmonary disease), and/or inabiljty of
the surgeon to direct the jet optimally. Spirometry is not possible and capnography is
" difficult and inaccurate with this method so that hypoventilation may be undetected.

The inspired O, concentration cannot be controlled or monitored. Pulmonary
aspiration of gastric contents, surgical debris (which may include bacteria and/of

—maligmant-celts)andtaser ptume;as—wettas-madvertenttaser burn—to-thetrached, are
risks since no tracheal tube is present. Misdirection of the jet may cause soft tissue
injury, gastric distention, or barotrauma including pneumothorax and
pneumomediastinum. It is difficult to administer volatile anaesthetics with this
technique.

5.2 Intubation techniques

With all intubation techniques, ventilation can be monitored and controlled, and both
inhalation and intravenous anaesthetic agents can be administered.


https://standardsiso.com/api/?name=154ef6a0eb8958fa14ca69c1984cf139

ISO/TR 11991:1995(E) ©1SO

5.2.1 Unprotected conventional tracheal tubes

Unprotected conventional tracheal tubes may be manufactured from polyvinyl
chloride (PVC), red rubber, silicone, or polyurethane, all of which readily ignite and
maintain combustion in the presence of oxidant-enriched atmospheres. In the

event of a fire, the tube integrity will be compromised and allow components to

be retained within the tracheobronchial tree. Unprotected conventional tracheal
tubes can preduce-productsof combustion which are toxic to tissue (6). The

of unprotected conventional tracheal tubes is inappropriate, and strongly
discouraged
5.2.2 Protgcted conventional tracheal tubes

Conventional tracheal tubes manufactured of PVC, red rubber, polyurethane, and
silicone mgy be protected by the clinician, by wrapping with metallic tape, sponge
material with metal film backing, or other materials to shield the flammable
material frpm laser contact.

Advantages|: Metallic wrapping may prevent the laser beam fromdgniting the tube
yet still allpw use of a conventional tracheal tube. A metalliccbacked sponge
material hgs been designed specifically for use with conventional tracheal tubes in
airway laser operations. When wet, the sponge material absorbs laser energy.
Textured metallic backings are intended to diffuse laser beam reflections.

Disadvantages : Metallic tapes may reflect the lasér’on to non-targeted tissues.
The user must apply the tape smoothly and cofitinuously so as to prevent rough
edges which may abrade the mucosa, or gaps-which expose the tube to the laser
beam. Spiral wrapped coverings may cause the tube to kink. The metal-backed
sponge prejparation adds considerable thickness to the tube; the sponge must be
kept wet t¢ avoid thermal injury, fite; and tissue abrasion. If the tape or wrap is
dislodged it may occlude the airway. Tubes cannot be wrapped at or below the
cuff, and sp this area remains éxposed and vulnerable to laser energy with this
technique.| Metallic wrapping has no advantage when the site of operation ic
distal to thie tube and/or the laser beam is delivered through the lumen of the

tube. It is|not possible to maintain sterility when tubes are prepared in this
manner.

Not all meallic tapes can protect all types of tubes from all types of lasers at
every power obt‘i;us (7, 8, 9) The-adhestve ba\,}u.us or-surface uuat;us of some
tapes can be ignited by laser beams. Presently available metallic tapes have not
been specifically designed for medical use. Therefore laser protection of tracheal
tubes, other than that specified in certain products, is the responsibility of the user
and not the manufacturer of the product.
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5.2.3 Ready-to-use, laser-resistant tubes

These products are designed for use during laser surgery of the upper airway.
Tubes with flammable components can ignite if manufacturers’ warnings,
precautions, and directions for use are not followed. An additional advantage of
the tubes over tubes wrapped by the clinician is that the tube is pre-assembled
and checked by the manufacturer.

inflating foam sponge cuff
The tube is intended for use with carbon dioxide (CO,) lasers.

Advantages : Atraumatic external surface with a nonflammable inner surface| The
cuff tends to maintain a seal despite penetration by the lasef,

Disadvantages : Flammable external surface and cuff, réquiring that saline bg
added to the cuff to decrease the risk of ignition. It‘may be difficult or imppssible
to deflate the cuff if the cuff or inflation tube is damaged.

5.23.2 Airtight stainless steel corrugated spiral tracheal tube with PVC Mugphy
eye tip and double cuffs

A plain (uncuffed) version is available in the smaller diameters. This item i
intended for use with CO, or potassium titanyl phosphate (KTP) lasers.

L7 2]

Advantages : Metal components are essentially nonflammable. The tube majntains
its shape well during intubation, and is kink resistant. A proximal fluid fillef cuff
serves as a shield for the-distal tracheal tube.

Disadvantages: Although metal may reflect the laser onto non-targeted tissues and
result in damage; the matt finish and convexity of the spiral reduces this potential.
Metal tubes afe thick-walled and may transfer heat to adjacent tissue and other
material, Fhe cuffed model contains materials that are flammable and therefore
requiresithat saline be added to decrease the risk of ignition. The double cuff
requires more time to inflate and deflate than a single cuff.

§.2.33 Silicone tubes covered with aluminium-filled silicone layer

This product is no longer manufactured.
This tube is intended for use with the CO, laser.

Disadvantages : Can be ignited by lasers in the presence of room air and is
difficult to extinguish once ignited.
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5.23.4 Silicone tubes wrapped with aluminium and overwrapped with
polytetrafiuoroethylene (PTFE) (no adhesive is used in this process)

Methylene blue is contained in the pilot balloon. This item is intended for use
with CO, and KTP laser.

Advaniages : The wrapping helps prevent the laser beam from igniting the tube yet
still allow use of a pliable tracheal tube. The PTFE coating is smoother and less
traumatic than-most-manua : d-tubes—The-methylen pe—-the—pi
balloon will mix with normal saline and provide an indication of cuff perforation.

| on or below the cuff, so this area remains exposed and vulnerable to
laser energy. These tubes have no advantage when the site of operation is distal
to the tube| and/or the laser beam is delivered through the lumen of the tubé:
Combustion and pyrolysis of PTFE yields fluorinated by-products which are toxic
to human tjssue.

5.23.5 Silicone tracheal tubes uniformly impregnated with ceramic particles

This produ

Intended fq
Disadvantag

5.2.3.6 Red

This produ

intended to

Advantages

The polyest
resistance t

environmerl

Disadvantag
stenosis, thé
laser onto T

Ct is no longer manufactured.

T use with Nd:YAG and CO, lasers.

es : Can be ignited or punctured by lasér energy (10).

rubber tubes wrapped with textured copper foil and polyester

't is intended for use with CO; or KTP lasers. The outer layer is
be wetted prior to use.

: The adhesive of the foil is structured to maintain tube flexibility.
er outer layer provides an atraumatic surface. Red rubber provides
0 intraluminal.ignition that is superior to PVC in an oxygen-enriched

t. This tube-provides shaft depth markings.

es . Although the high pressure cuff can contribute to tracheal
pse“procedures are typically of short duration. Copper may reflect the

on‘targeted tissues, although the surface finish of this product reduces

this potential. The multiple layer design results in a thicker wall than standard

tracheal tub

es. Although the tube is flammable, the shaft is difficult to ignite

when wetted. The outer layer must be maintained wet.
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5.2.3.7 Metal tracheal tubes

These tubes are no longer manufactured.

A reusable, flexible non-airtight interlocked metal spiral tube. A PVC or latex
cuff may be attached (11).

Advantages : Under most conditions metal is nonflammable.

Disadvantages : These metal tubes are difficult to direct into the trachea and|have
joints through which airway gas can leak. If a cuff is added to the tube‘to réduce
the leakage rate, flammable material is then added to the system. Métal may
reflect the laser energy to non-targeted tissues and result in damage. The
corrugated outer surface of metal tubes may injure mucosa. Metal tubes are thick
walled. Metal may transfer heat to adjacent tissues and other-material.

5.2.3.8 White rubber tubes wrapped with a metallic backed sponge material

114

This product is intended for use with CO,, Nd:YAG, and Argon Lasers. Th
outer layer is intended to be wetted prior to usé.

Advantages : Atraumatic external surface. “When wet, the sponge material absorbs
laser energy. Textured metallic backing$‘are intended to diffuse laser beam
reflections. An outer fluid filled cuffiserves as a shield for the inner cuff.

Disadvantages : The metallic backing may reflect the laser on to non-targeted
tissues. The metal backed sponge preparation adds considerable thickness tp the
tube; the sponge must be-maintained wet to avoid thermal injury, fire, and tissue
abrasion.

5.2.4 Additional protective measures

The following;measures should be used to reduce the risk of fire whenever
flammablé-materials are present within the airway during an operation on the
airwayzinvwhich a laser is used.

5.2.4'1 Limitation of oxidizers

The F,O, should be limited to the lowest concentration necessary to maintaip

acceptable arterial O, saturation. The balance of the fresh gas flow should be
nitrogen and/or helium; potent nonflammable inhalation agents may be added as
clinically indicated. The use of nitrous oxide increases the potential for
combustion.

5.2.4.2 Limitation of power density
The laser output should begin at low levels, and be limited to the lowest clinically

acceptable power density and pulse duration. High peak power density increases
the risk of tracheal tube damage.
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5.2.43 Sa

line-filled cuffs

Filling tracheal tubes cuffs with saline serves as a protection against fire should
the laser beam strike the cuff. However, the addition of fluid to the cuff system
may prolong the process of cuff deflation. Addition of methylene blue or other
biocompatible and highly visible dye to the saline may be used to help detect cuff
perforation.

5244 S

avcaalked—pledacate
TIC"SUaQRTT

In order t
applied to
careful pl4
of penetra
attached t,

524.5 Of
Surgical d
Use of a |
Entrainmg

are subjeg
this risk.

Pl\,usbto

b provide some protection for the cuff, saline soaked pledgets should be
reduce the likelihood of laser penetration. Sufficient layering and
icement of the pledgets should be accomplished to reduce the possibility
tion. Pledgets, if not maintained wet, may ignite. Non-metallic strings
b the pledgets may be severed and ignited by the laser.

her

evices designed to reduce specular reflectance should be used.

pser platform can minimize the risk of injury distal to the surgical site.

nt of plume or vapour into the tracheal tube can occur if external items
ted to laser energy. Protective measures.should include reduction of

5.3 Management of airway fires

Managem
extending
and treatn

ent of airway fires includes immediate steps to prevent the fire from
down the tracheobronchial tree, as well as secondary steps in evaluation
nent

5.3.1 Immediate steps following recognition of airway fire

Prompt ag
tracheobrq
out into tl
in which a

tion may prevent the spread of smoke and fire down the

pnchial tree, and may also prevent the smoke and fire from spreading
e operating room environment (table 2). Before each airway operation
laSer is used, the operating room team should review procedures for

extinguishing

sterile sali

- - - t] 3 (= -
or water for extinguis

hing t

he fire.

A flash, pop, flame, glow, smoke

ne

or explosion in the breathing system or from the airway suggests an airway fire.
Upon recognition of a fire, disconnecting the breathing system from the tracheal
tube is the quickest method of stopping the gas flow to the fire. Stopping the gas
flow reduces the fire’s intensity by cutting off the oxygen supply and the fire will

usually go
the breath

out or significantly diminish. Simultaneous with the disconnection of
ing system, the tracheal tube should be removed from the patient to

©ISO

minimize thermal and chemical damage to the airway. The intense heat from the
fire can remain in the mass of tube and so could still harm the patient even if the
fire is out. Should any materials remain smoldering, they should be irrigated with

10
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saline and removed. When there are no obvious tube fragments or other foreign
materials remaining in the airway, the patient may again be ventilated by mask or
reintubated. Ventilation should initially be resumed with as low an F,0, as
clinically possible to avoid rekindling undetected smoldering materials.

53.2 Evaluation of airway

Following the above immediate steps, the airway must be thoroughly evaluated by
bronchoscopy and laryngoscopy to establish the extent and severity of injury (table

3). The extent and duration of monitoring, as well as the need for respiratdry

support and treatment should be based on this evaluation.

Table 1 - Combustion properties of conventional tracheal tube materials

ins (50% O,/50%
N,, 0,8mm, 10W,
CO, laser beam)

Material Polyvinyl Red Rubber Silicone
Property Chloride (PVC)
Oxygen Index of
Flammability (12)* 26,3 %" 18,9 %" 17,6 %!
Mean Time to 3,062 332 Not Avajlable
Ignition in s (100%
0,, 0,8mm, 10W,
CO, laser beam)
Penetration Time 0,77 41,48 Not Avajlable

Y Wolf GL and(Simpson JI : Anesthesiology 67 : 236-239, 1987.
» Ossoff RG.:Laryngoscope (suppl 47) 99 : 1-26, 1989.

* Exptessed as % for clarity

MEASURE

1 | Disconnect the breathing system from the tracheal tube connector and
immediately remove tracheal tube

2 | Irrigate with water or saline if fire is still smoldering

3 Mask ventilate with air, and/or reintubate
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Table 3 - Secondary emergency management following recognition of an airway fire

STEP MEASURE
1 | Bronchoscopy and laryngoscopy to evaluate extent and degree of burn
2 | Reintubation or tracheostomy if indicated
3 | Monitoring with oximetry and/or arterial blood gases and serial chest x-ray
for at least 24 hours
4 | Ventilatory support as needed
5 | St¢roids and antibiotics as needed
6 | Other supportive therapy as needed
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