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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

Some laser applications in medicine can require laser-resistant surgical drapes or other patient-
protective covers. Surgical drapes or other patient-protective covers are necessary when a sterile
procedure is performed and the surrounding area needs to be protected from liquids, secretions and
inadvertent laser radiation. While conventional surgical drapes or other patient-protective covers are not
necessarily laser-resistant, specifically designed surgical drapes offer the possibility of laser resistance.

Laser induced risks include ignition, flammability, melting, penetration, thermal transfer and
reflectivity. Textile and non-woven drape materials can have other risks but they can provide a laser
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INTERNATIONAL STANDARD

ISO 11810:2015(E)

Lasers and laser-related equipment — Test method and
classification for the laser resistance of surgical drapes

and/or patient protective covers — Primary ignition
penetration, flame spread and secondary ignition

)

CAUTION — This test method can involve hazardous materials, operations and equipment.

This| International Standard provides advice on minimizing some of the risks asso
its use but does not purport to address all such risks. It is the responsibility of the
International Standard to establish appropriate safety and health practices and to
the gpplicability of regulatory limitations prior to use.

cope

This|International Standard is applicable to disposable and reusable, as-well as woven ang
materials used as surgical drapes and other patient-protective coverswhich claim to be las
The purpose of this International Standard is to provide a_standardized method for
classjifying surgical drapes and other patient-protective covers\with respect to laser-indud
An appropriate classification system is given. It is not the.purpose of this International
serv¢ as a general fire safety specification, and as such, thisInternational Standard does nof
sourges of ignition.
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and beam propagation ratios — Part 1: Stigmatic and simple astigmatic beams
ISO 80000-4, Quantities and units — Part 4: Mechanics

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.1
afterflame

:2015(E)

persistence of flaming of a material, under specified test conditions, after the ignition source has been

removed

3.2
afterflame

time

length of time for which a material continues to flame, under specified test conditions, after the ignition
source has been removed

3.3
afterglow
persistence
flaming occ

3.4
afterglow t

time during

flaming or, i

3.5

beam diam

dos

diameter of
beam powei

3.6

beam cross

Aogs

smallest ard

Note 1 to ent

3.7

combustio
any contin
oxidation w

EXAMPLE

3.8
damage
any change,
due to incre

EXAMPLE

3.9
flammable

of glowing of a material, under specified test conditions, after cessation of flaming ‘op,
s, after the ignition source has been removed

ime
which a material continues to glow, under specified test conditions; after cessati
f no flaming occurs, after the ignition source has been removed

eter

an aperture in a plane perpendicular to the beam axisavhich contains 95 % of the

-sectional area

a containing 95 % of the total beam power’

Fy: Adapted from 1SO 11145:2006, 3.2.1.

1:Eng burning process that gecurs in or on the specimen caused by a chemical proce

th the liberation of heat

Flame, smouldering}rapid evolution of smoke.

other thanteombustion, which can affect the safety of the patient or efficacy of the pr¢
hsing thérisk of ignition

Lécdl heating, melting, creation of holes, pyrolysis.

if no

bn of

total

ss of

duct

subject to ignition and flaming combustion

3.10
ignition

creation of combustion induced by the delivery of power

3.11

laser resistance
measure of the ability of a material to withstand laser power without ignition or damage
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3.12

melting behaviour

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

3.13
patient-protective cover
material, other than a surgical drape, intended to protect a patient

3.14
penetration resistance

b'l‘ £ 4 il i £l £1
a 1 1 _y Ul d 111ditcl 1dl tU lJl CVUIILU LIIT PGDDGSC Ul'IdaostCTI CTlITI s_y

3.15
product
finished medical device (surgical drape or other patient-protective cover) that can-be composed of one
or mpre homogeneous materials (samples)

3.16
reuspble product
product intended to be laundered and re-sterilized for multiple use

3.17
secopndary ignition
ignition of a specimen by an underlying material caused to burn by a laser beam fransmitted
throfigh the specimen

3.18
single use
product intended to be used once and then discarded

3.19
surgical drape
material intended to be draped over a patient during surgery

WARNING — This test method can result in a rocket-like fire involving the surgical drape. Such a

ulaté worst-case conditions, the material is exposed to laser power of known chardcteristics in
an environment of up to 98 % * 2 % oxygen.

5 Significance and use of the test

5.1 This International Standard describes a uniform and repeatable test method for measuring the
primary ignition, penetration, flame spread and secondary ignition of surgical drapes and other patient-
protective covers. Variables involved in laser ignition have been fixed in order to establish a basis for
comparison. This test method can be used to compare differing types and designs.

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

© IS0 2015 - All rights reserved 3
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5.3 Since an oxygen-enriched atmosphere is often present in the clinical situation, either intentionally
or unintentionally, the test is performed in ambient air and an environment of 60 % + 2% and 98 % + 2 %
oxygen, respectively.

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

5.5 Many manufacturers of laser-resistant surgical drapes recommend using isotonic saline or water
to moisten the material. In case of water-proof surgical drapes, the underlying material cannot be
moistened and so can have the original burning behaviour.

NOTE 1 Tl‘\ic methad can hao qpp“ar] o cfnr‘y tha effact of rl«qngihg the tect rr\nt‘“finnc, butthicic outside the
scope of this [nternational Standard.

NOTE 2  Uge of beam cross-sectional shape, other than circular, or mode of laser power delivery) pther| than
continuous wave, can affect the ignition characteristics.

6 Apparatus

6.1 General

The test apparatus shall consist of a draught-resistant ventilated contdinment box, specimen hglder,
specimen rack, laser energy source and associated parts (see Figured).

4 5 6

A8
i Wana
3\, 1 :

0,

I

Key

1 specimen 6  flashback arrestor

2 specimen holder (see Figures 2, 3 and 4 for more detail) 7  oxygen flow meter and controller

3  opening for laser access 8  pressure regulator with inlet and outlet gauges
4 laser 9  quick-action inert gas valve

5 containment box (lateral view)

Figure 1 — Typical test apparatus (schematic)
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6.2 Containment box

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

The containment box shall have the following characteristics:
a) itisrectangular in shape and measures approximately 46 cm x 46 cm x 46 cm;
b) itis fire-proof and easily cleaned of soot and residue from burned specimens;

c) itallows the mounting of the specimen at an angle such that by gravity the underlying material is
emoved spontaneously;

d) itallows access to the specimen;

e) itallows direct access of the laser beam to the specimen;

f) it allows observation with video cameras on the top and on all sides of the box, a minimpum of three
ideo cameras (one camera positioned above the containment box and two cameras gositioned at
wo of the sides of the containment box) is needed for recording purposes;

g) it exhausts the gas and any products of combustion to a safe aréa;

h) itallows cleaning of the box, and cleaning of the covers and/or windows themselves;

i) itis capable of maintaining an environment of 98 % %:2)% oxygen around the specimerj;

j) it can be rapidly flooded with nitrogen or anothe¥ gas to extinguish any fire inside the pox;

k) the internal surfaces are non-reflective to prnotect the specimen from reflections;

1) 4 piece of clean filter paper shall be positioned on the floor of the test chamber directly[beneath the
tlest specimen for detection of dropped particles capable of igniting other materials.

Othelr configurations may be used, aslong as the requirements of the test method as defined herein are
not afffected.

6.3 | Specimen holder

The $pecimen holder (see Figure 2) shall consist of three metal plates (of stainless steel o1 equivalent,
apprpximately 2 mm‘hick). The specimen shall be clamped between the top two plates (top frame and
mount). The connection between these two plates shall be stable and may be achieved hy clamps or
screys. The plates shall be slotted and loosely pinned for alignment. The third plate (bottom frame)
is to|allow fgr the attachment of the cotton gauze. The construction of the fixture shall|ensure that
when testing for secondary ignition the specimen is in direct contact with the cotton gauze and is not
squepzed out of its attachment between the top frame and the mount. The bottom frame is connected
to thg mount by a hinge.

Top frame, mount and bottom frame have openings of 40 mm by 100 mm (size of exposed specimen)
to ensure access of the laser beam and to avoid cooling of the specimen due to heat conduction of the
mount. The outer dimensions of these plates should not be smaller than 70 mm by 170 mm.

When testing for secondary ignition, the separation mechanism shall be white mercerized cotton
thread having a linear density of 45 g/1 000 m to 50 g/1 000 m. The white mercerized cotton thread
is used to keep the lower and upper two frames together. To avoid direct laser induced ignition of the
white mercerized cotton thread, it shall be placed 30 mm above the laser spot on the specimen’s surface,
normal to the fastest burning direction. Ignition of the cotton gauze will burn off the white mercerized

© IS0 2015 - All rights reserved 5
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cotton thread and thus separate the cotton gauze from the specimen without involving the reaction of a
person. Figure 3 illustrates the specimen holder, showing the use of the white mercerized cotton thread.

NOTE1  White mercerized cotton thread having linear density of 45 g/1 000 m to 50 g/1 000 m is used as
marker thread in ISO 6941.

NOTE 2  Manufacturers are usually familiar with the unit “Tex” for the linear density of textiles, including
mercerized thread (e.g. ISO 1144, ISO 2947). The unit “Tex” is a non-SI (International System of Units) unit. In
accordance with ISO 80000-4, the SI unit “g/1 000 m” is used in place of the non-SI unit “Tex”.

NOTE 3  White mercerized cotton thread of approximately 30 cm length is used; a loop is made in one end of
the white mercerized cotton thread; the other end is pulled through this loop, resulting in a large ring; this ring is
placed arounfi the Trames; the end of the white mercerized cotton thread is pulled to fasten it. This end 1s attgdched.

Key

1  top frame 5  bottom frame

2 specimen 6  hinge

3  mount a  Elements are connected.
4  cotton gauze (used in secondary ignition testing only)

Figure 2 — Example of a specimen holder

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=844621fd6bf85968720d559d86f3882b

ISO 11810:2015(E)

Dimensions in millimetres

Key
1 lpser spot
2 White mercerized cotton thread

2
\‘\{N

Figure 3 — Specimen holder, illustrating position of laser spot’and white mercerized cotton

thread

Figure 4 illustrates the operation of the specimen holderikAs shown in Figure 4 a), the spedimen holder
shalllbe set up at a 45° orientation to the vertical axis with the hinge on the lower side. Aftgr ignition of
the specimen, there will be burn off of the white mercerized cotton thread which will cause the bottom
framje with the cotton gauze to swing down and separate from the specimen [see Figure 4 b)].

© ISO 2015 - All rights reserved
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a) Startof experiment

#

b) Gravity|causes cotton gauze and bottom frame to swing down and thus separates them from
the specimen

Key

1 top frame 4  cotton gauze (used in secondary ignition testing only)
2  specimen 5  bottom frame

3  mount 6  hinge

Figure 4 — Specimen holder in operation

8 © IS0 2015 - All rights reserved
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6.4 Laser system

6.4.1 Laser

A continuous wave (CW) CO; laser with a minimum power of 20 W at the specimen shall be used for all
measurements. The beam diameter (in accordance with ISO 11145 and ISO 11146-1) dgs shall be 2 mm
for laser induced ignition measurements and 1 mm for the penetration resistance measurement.

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

use

6.4.2

For 1
metd
resp
perfq

The
This

6.5

6.5.1
or of]
shall
achid
of %

6.5.2
or a
requ

6.5.3
with
satis
in th
6.6

6.6.1

Power meter

heasuring the power of the laser radiation and for determining the penetration resist]
rs which provide a measuring range from less than 10 mW to greater than 20 W sha
bnse time of <0,25 s shall be used for the penetration resistance measurements. Test
rmed at the power density required for the test.

bower of radiation transmitted by these systems should be,vépified as being accurat
can be accomplished by the use of an external power meter-0t internal calibration sys

Gas supply system

The gas supply system shall be capable of rapidly flooding the containment box w
her gas or stopping oxygen flow, or both, to extinguish any burning material. The cont
be connected with the gas supply system in‘such a way that homogeneous ventilation
ved. An oxygen flow meter and controller shall be part of this system. Alternatively, dif
oxygen is permissible (see Figure 1),

Other arrangements, such as.an oxygen flood valve for rapidly purging the contg
gas flooding system for rapid extinguishment of burning material, may be used as
rements of the test method\as defined herein are not affected.

As an oxygen analyser, any device that can measure the concentration of gasq
a repeatability of‘atleast 1 % of full scale and a calibrated accuracy of at least 1 % o
factory. The oxygen sensor shall be positioned so as to minimize the chance of its ignitio
e containmen.box.

Envirenment

Ambient air conditions

. These precautions should include laser-safety eyewear and controlled access to the test area.

ance, power
|1 be used. A
ing shall be

e to +10 %.
fems.

ith nitrogen
hinment box
of the box is
ect measure

linment box
long as the

ous oxygen
 full scale is
in by any fire

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

6.6.2 Oxygen enriched atmospheres

The tests under oxygen-enriched atmosphere shall be performed at oxygen concentrations of
60 % = 2 % and 98 % + 2 %.

The oxygen concentration within the containment box shall be established at the desired level by

prop
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6.7 Smoke evacuation device

WARNING — Combustion of most materials produces toxic gases such as carbon monoxide,
hydrogen chloride and hydrogen cyanide. Also, the smoke produced in such fires contains
hazardous particles of carbon, silica, unburned matter and other materials.

6.7.1 A device shall be attached to the containment box to safely remove smoke resulting from a
burning specimen but shall be designed to eliminate the chance of drawing fire into the exhaust system.
Placing the containment box in a fume hood that exhausts to a safe location satisfies this requirement.

6.7.2 Thesm eua g asha . e-with-maintaining g 5 A
the containrhent box. For example, the flow of a fume hood shall not create draughts that would ént
pull gas froin the opening for laser access. The smoke evacuation shall not be activated untihafte

r the

initiation of
7 Reage

7.1 Oxygq

7.2 Nitrog

8 Prepa
8.1 Samyp

8.1.1 Sing

Single use p

8.1.2 Reu

Reusable pr
Reprocessin

with the manufacturer’s recommendations. The point at which the product rating degrades shall b

maximum a

8.2 Specimens

The product
with the fas

combustion.

hts and materials
n, 98 % * 2 % (volume fraction) pure.

pen or other gas (i.e. non-oxidizing, non-flammable), 98 % ,£2 % (volume fraction) pur

ration of specimens
ling

fle use products

roducts shall be obtained directly from the packaging in which the products are sold.

sable products

pducts shall be tested newand after reprocessing to the point when their rating cha
g shall include laundering, decontaminating and, if necessary, sterilization in accord

lowed number of uses.

to be tested is cut into specimens of at least 150 mm in length by at least 50 mm in w
fer burning direction (as determined by preliminary testing) in the longer direction.

®

nges.
ance
e the

idth,

8.3 Quantities

For each parameter to be measured, five specimens shall be tested.

8.4 Conditioning

Specimens shall be conditioned for 24 h at 20 °C + 2 °C and 20 % * 2 % relative humidity. Materials
requiring special treatment or preparation shall be conditioned according to the manufacturer’s
instructions for use. Any special treatment or preparation shall be stated when reporting results.
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9 Preparation of apparatus

9.1

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

NOTE 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
resulting fire.

9.4

is no|
cons
lasen
elect

10

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

rical equipment.

[est methods

10.1] General conditions

10.1

10.1

10.1
enrid

10.1

10.1
conc

10.1
enviy
use d

10.2

1 Perform the test at 20 °C + 3 °C.

hed atmosphere but still allow laser-access to the specimen.

4 Ensure that the gas flush is working properly.

bntration in the containment box during the test.

6 Flow oxygen.into the containment box at a rate and time period sufficient to
onment of 60:.% * 2 % and 98 % *+ 2 % oxygen, respectively. This oxygen level shall b
f an oxygenzanalyser (6.5.3) measuring the environment.

Primary ignition and penetration

hand. Water
d, will cause

derable soiling of the containment box and will interfere with interpretation of the results of
interaction with the specimen. Water is not recommended for use on a‘fire involving energized

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

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

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

pstablish an
e verified by

10.2.1 Principle

Figure 5 shows a flowchart of the procedure for primary ignition testing. Figure 6 shows a flowchart of
the procedure for penetration testing.
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( Start )

\

Expose sample to
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Figure 5 — Flowchart of procedure for primary ignition testing
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Figure 6 — Flowchart of procedure for penetration testing
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10.2.2 Testing procedure

10.2.2.1 General

The testing for primary ignition and penetration shall be performed on separate groups of five specimens.
NOTE The risk of penetration increases with increasing power. At a given power setting, a small spot induces
the highest risk. For laser induced ignition of surgical drapes, the risk increases with increasing spot diameter at

a given power setting.

The sequence of testing shall be: 21 % 02 (ambient air), (60 % + 2 %) O then at least (98 + 2) % Ox.
Refer to Figures 5-and-6-forthe flowehartofprocedre—

10.2.2.2 Spgecimen preparation

Each specinjen, after conditioning (see 8.4), shall be attached in the frame. A composite.material|shall
be tested as|it is intended to be used.

10.2.2.3 Ldser-induced ignition

10.2.2.3.1 Kor ambient air testing, place the specimen, the specimen holder and rack at a 45° orientgtion.
Close the coptainment box door. Record the temperature and relative huniidity of the containment ox.

10.2.2.3.2 Kor testing in enriched oxygen atmospheres, place the specimen in the specimen holdel and
rack at a 45° orientation. Close the containment box door and-flow oxygen and nitrogen at a rat¢ and
time period|sufficient to establish an environment of 60 % £2'% and 98 % * 2 % oxygen in the testing
containment box. Verify the oxygen concentration by use ofian oxygen analyser and appropriate sampling
techniques. Record the temperature and relative humidityof the containment box.

10.2.2.3.3 Aim the laser beam spot normal to the specimen. Position the centre of the 2 mm spot 4t the
centre of th¢ specimen, 25 mm from the bottom edge.

10.2.2.3.4 Kxpose the specimen to the laser'energy until ignition occurs or for a maximum of 10 s.

10.2.2.3.5 (lassify the tested specimen as I1, 12, I3, or 14 (see 11.2). Report whether during or aftdr the
laser irradiation there is “afterflame” or “afterglow” or particles or droplets fall from the specimen. When
all specimens have been tested\at the given condition, classify the tested product as outlined in 11.1}

10.2.2.4 P¢netration.resistance

10.2.2.4.1 Place the specimen in the specimen holder. Verify normal ambient air compositign at
20°C+2°Cpand20 % * 2 % relative humidity.

10.2.2.4.2 Adjust the spot diameter on the specimen surface to be 1 mm. Adjust the laser beam to hit the
specimen normally, thereby ensuring a symmetric distribution of the incident beam power.

10.2.2.4.3 Expose the specimen to 20 W for 10 s or until the power meter behind the specimen detects
a power density above skin maximum permissible exposure (MPE) according to [EC 60825-1. Record the
exposure time.

In order to ensure that the power meter does not measure the temperature increase of the specimen, it
should be atleast 5 cm apart from the specimen.

10.2.2.4.4 Classify the tested specimens as P1, P2, P3 or P4 (see 11.3). Report, whether during or after
the laser irradiation there was “afterflame” or “afterglow” or flaming.
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10.2.2.4.5 When all specimens have been tested at the given condition, classify the product as
outlined in 11.1.

10.2.2.4.6 Thermal response of P1 Class materials shall be performed on all five specimens. A material
that absorbs laser radiation will heat up. The temperature on the backside of the material opposite to
the irradiated surface needs to be measured. Using a laser exposure duration of 10 s at 20 W and at
1 mm spot diameter, monitor the temperature of the back surface with an appropriate device such as a
thermographic camera or with a device which contacts the surface of the material, e.g. liquid crystal tape.
The maximum detected temperature shall be noted in addition to the class.

10.3Secomdary igmition

10.3{1 Principle

The flowchart of procedure for secondary ignition testing is shown in Figure 7,
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Figure 7 — Flowchart of procedure for secondary ignition testing

10.3.2 Testing procedure

10.3.2.1 Sequence of testing

The sequence of testing shall be: 21 % 03 (ambient air), 60 % O3 + 2 %, then at 98 % * 2 % 0O3. Refer to
Figure 7 for the testing protocol.
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