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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
h) patent(s). ISO takes no position concerning the evidence, validity or,applicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all

such patent rights.

Anyf trade name used in this document is information given for the convenience of users and does not
conftitute an endorsement.

For|an explanation of the voluntary nature of standards, the meaning of ISO specific [terms and
expressions related to conformity assessmentas well as information about ISO's adherence to
the| World Trade Organization (WTO) principles in the Technical Barriers to Trade [TBT), see
www.iso.org/iso/foreword.html.

Thif document was prepared by Technical Committee ISO/TC 198, Sterilization of health car¢ products.
Alist of all parts in the ISO 11737 series can be found on the ISO website.

Anyf feedback or questions onthis document should be directed to the user’s national standafds body. A
conjplete listing of these badies can be found at www.iso.org/members.html.
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Introduction

A pyrogen is any substance that can induce fever. Testing for pyrogens is required for release of many
health care products. Pyrogens can be classified into two groups: microbial (e.g. bacteria, fungi, viruses)
and non-microbial (e.g. drugs, device materials, steroids, plasma fractions; see the ISO 10993 series).
The predominant pyrogenic contaminants encountered in the manufacturing of health care products
are bacterial endotoxins, which are components of the cell walls of Gram-negative bacteria. Although
Gram-positive bacteria, fungi, and viruses can be pyrogenic, they do so through different mechanisms
(systemic effects) and to a lesser degree than Gram-negative bacteria. Only the Gram-negative bacterial
endotoxins_test (BET) using amebocyte lysate reagents from Limulus polyphemus or Tachyp

eus

tridentatus
activation

Endotoxing

is covered in this document. Other endotoxin detection methodologies, such as mone(
hnd recombinant Factor C (rFc), are not included (see B.12) in this document.

are the molecular weight lipopolysaccharide (LPS) components of the outet’cell wa

Gram-negative bacteria, that can cause fever, meningitis, and a rapid fall in blood pressure‘if introduy

into the bl
composed

pbod stream or certain other tissues of the body. The outer cell wall components, which
primarily of proteins, phospholipids and LPS, are constantly released by the cell into

yte

I of
ced
are
the

surrounding environment. Endotoxins are ubiquitous in nature, stable, and~small enough to

through ca
in product
contamina

The non-py
a)

manuf]
with G

b) depyrc

distilld

The purpo
endotoxing
non-pyrog
suitability,
testing and

— guidarn
the hig
guidar

guidar

guidarn

nventional sterilizing filters. Sterilization processes will inactivate microorganisms

fion can be prevented.
rrogenicity of a health care product can be achieved throtgh' the following:

hcturing techniques that prevent or control endotoxin contamination (e.g. contamina
ram-negative bacteria);

genation by endotoxin inactivation (e.g. diy heat) or physical removal (e.g. ring
tion, ultrafiltration).

e of this document is to describe the<kequirements and guidance for testing for bactg
. This includes product required te-be non-pyrogenic based on either intended usq
bnic label claim, or both. Guidance is also provided on selection of product units, met]
use of techniques for routine testing, interpretation of test results, and alternatives to b
risk assessment. Informationon the following is provided in the annexes:

ce on bacterial endotoxintesting (Annex A);

tory and background on the BET (Annex B);

ce on out of specified limits (OSL) and failure investigation (Annex C);

ce on in-precess monitoring of manufacturing or component testing (Annex D);

ce on¢onducting a risk assessment to support alternatives to batch testing (Annex E);

typica

ass
o} or
5, but usually do not inactivate endotoxin on products. With controlled processes, endotgxin

fion

ing,

rial

or
hod
tch

assignment of responsibilities (Annex F).

This document is based on ANSI/AAMI ST72. Several sections in this document have been restructured
and extended or changed from ANSI/AAMI ST72.

Vi
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Sterilization of health care products — Microbiological
methods —

Part 3:
Bacterial endotoxin testing

1 (Scope

1.1| Inclusions
Thip document specifies general criteria to be applied in the determination of'‘bacterial endotoxins on or

in Health care products, components or raw materials using bacterial endotoxins test (BET|) methods,
using amebocyte lysate reagents.

1.2| Exclusions

1.2]11 This document is not applicable to the evaluation.ef pyrogens other than bacterial ¢ndotoxins.
Othler endotoxin detection methodologies are not included-(see B.12).

1.212 This document does not address setting speeific endotoxin limit specifications.

2 |Normative references

Thdre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.
[SOJand IEC maintain.fepminology databases for use in standardization at the following addfesses:

— |ISO Online brewsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

3.1
badterial endotoxins test
BET
assay for measuring bacterial endotoxins by combining an aqueous test sample or test sample extract
with Tachypleus amebocyte lysate (TAL) (3.41) or Limulus amebocyte lysate (LAL) (3.28) reagent and
measuring the resulting proportional reaction via visual, turbidimetric (3.42) or chromogenic techniques
(3.3)

3.2

batch

defined quantity of a product intended or purported to be uniform in character and quality produced
during a specified cycle of manufacture

[SOURCE: ISO 11139:2018, 3.21]

©1S0 2023 - All rights reserved 1
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3.3

chromogenic technique

bacterial endotoxins test (BET) (3.1) methodology that quantifies endotoxins on the basis of a measured
colour-producing reaction proportional to the interaction of Limulus amebocyte lysate (LAL) (3.28) and
endotoxin

3.4
control standard endotoxin
CSE
endotoxin standard preparation whose potency has been standardized against the Reference Standard
Endotoxin (RSE) (3.37) for a specific batch of Limulus amebocyte lysate (1LAL) (3.28)

3.5
depyrogemation
process usged to remove or deactivate pyrogenic substances to a specified level

Note 1 to enftry: Pyrogenic substances include bacterial endotoxins.
[SOURCE: SO 11139:2018, 3.77]

3.6
direct contact
medical deyvice or medical device component that comes into physical edontact with body tissue

[SOURCE: ISO 10993-1:2018, 3.6]

3.7
end product
product samples that have completed the entire manufacturing process

Note 1 to enjtry: For the purposes of this document, end-pioduct testing can be performed prior to sterilization
(pre-sterilization samples) or after sterilization (post-sterilization samples). For limitations see 5.2.6.

3.8

endotoxin
bacterial epdotoxin
lipopolysaccharide (LPS)(3.29) component of the cell wall of Gram-negative bacteria that is heat stable
and elicits p variety of inflammatoxry.responses in animals and humans

[SOURCE: ISO 11139:2018, 3.101]

3.9
endotoxin/limit
maximum pllowable amount of endotoxin present on the product or in a product extraction solutior

3.10
endotoxin/ unit
EU
international unit

IU

standard unit of measure for endotoxin activity initially established relative to the activity contained
in 0,2 ng of the Reference Standard Endotoxin (RSE) (3.37) Lot EC-2 [US Pharmacopeia (USP) standard
reference material]

Note 1 to entry: Currently, the US RSE EC-6, USP Lot G, and the World Health Organization’s primary international
endotoxin standard (IS) are sub-lots of the same endotoxin preparation, making the EU and IU equal [43],

2 © IS0 2023 - All rights reserved
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3.11

end point

most dilute concentration of a test or control solution for which a positive reaction for bacterial
endotoxin is observed

Note 1 to entry: This definition is used for concentration dependent bacterial endotoxin testing, in contrast to
dilution dependent end point methods described in A.6.1.1.

3.12

enhancement

bacterial endotoxins test (BET) (3.1) anomaly in which a non-endotoxin related factor, usually
attifibutable to a characteristic of the test sample, elicits a test reaction greater than the]amount of

bacterial endotoxins test (BET) (3.1) methodology that quantifies or detects ghdotoxin on the basis of
a clpt-producing reaction proportional to the interaction of Limulus amebaoc¥te lysate (LAL)|(3.28) and

dilytion series converted back to a base 10 number used tosestablish the central tendency or typical

medlical device, including in vitro diagnosticimedical device, or medicinal product| including

ical device or medical device component through which a fluid or gas passes, prior to the fluid or
gas|coming into physical contact with body tissue (in this case the medical device or medical device
conjponent itself does not physically contact body tissue)

[SOPRCE: ISO 10993-1¢2018, 3.11]
3.1Y
inhfbition
bacterial endotoxins test (BET) (3.1) anomaly in which a non-endotoxin related factor, usually attributable
to alcharaeteristic of the test sample, elicits a test reaction less than the amount of endotoxin present

3.1

inhibition/enhancement test
test used to determine whether a particular sample contains interfering factors that diminish its
accuracy by introducing enhancement (3.12) or inhibition (3.17) into the test system

3.19

interference

interfering factor observed in the performance of the test that exceeds the acceptable threshold for
a given bacterial endotoxins test (BET) (3.1) technique (e.g. positive product control that indicates a
detected endotoxin level less than 50 % or greater than 200 % or +2 lambda)

3.20
intraocular, adj.
located or occurring within or administered through the eye

©1S0 2023 - All rights reserved 3
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3.21

interfering factors
non-endotoxin related factor, usually attributable to a characteristic of the test sample, that causes
inhibition (3.17) or enhancement (3.12)

3.22

intravascular, adj.
located or occurring within or administered through the heart or blood vessels

3.23
intralymp

hatic, adj.

located or

3.24
intrathecd
located, or

bccurring within or administered through a lymph vessel

1, adj.
occurring within or administered through the space under the arachnoid mémbrane of

brain or spjinal cord

3.25
Kinetic me
photometr
(3.1)

3.26

LAL reactij
LAL-RM
Limulus anj

any non-emdotoxin compound that will activate the Limulus amebocyte lysate (LAL) (3.28) clot

cascade an

3.27
lambda

A

labelled se
for chromgd
standard c

3.28

thod
jc quantitative techniques (turbidimetric or chromogenic) for bacterial endotoxins test (B

ve material
ebocyte lysate reactive material

d cause enhancement (3.12)

genic or turbidimetric tests, the-lowest point (endotoxin concentration) on the referen
urve

Limulus apebocyte lysate

LAL

reagent ex
thatreacts
endotoxins

Note 1 to er
are similar

racted from amebocytes taken from hemolymph of the horseshoe crab, Limulus polypher
with endotoxinyto form a gelatinous clot and is used to estimate endotoxin levels in bactq
test (BET) (3:1) methods

ysatesthat are used in the BET. They also are often generically referred to as “lysate”.

the

ET)

—

ng

hsitivity of a Limulus amebocyte-lysate (LAL) (3.28) gel-clot reagent, expressed in EU/m| or,

ced

nus,
rial

try: The term LAL is sometimes used to describe Tachypleus amebocyte lysate (TAL) (3.41), as both

3.29

lipopolysaccharide

LPS

Gram-negative bacterial cell wall component composed of lipid A, a core polysaccharide, and an O-side

chain

3.30

maximum valid dilution

MVD

maximum amount a sample can be diluted, or the total extraction volume used relative to the sensitivity
of a bacterial endotoxins test (BET) (3.1) in which the specified endotoxin limit (3.9) can be detected

© IS0 2023 - All rights reserved
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3.31

medical device

instrument, apparatus, implement, machine, appliance, implant, reagent for in vitro use, or software
material or other similar or related article, intended by the manufacturer to be used, alone or in
combination, for human beings, for one or more of the specific medical purpose(s) of:

— diagnosis, prevention, monitoring, treatment or alleviation of disease;
— diagnosis, monitoring, treatment, alleviation of or compensation for an injury;

— investigation, replacement, modification or support of the anatomy or of a physiological process;

— |supporting or sustaining life;
— |control of conception;
— |disinfection of medical devices;

— |providing information by means of in vitro examination of specimens-derived from the human
body;

and| does not achieve its primary intended action by pharmacological, immunological o1 metabolic
means, but which may be assisted in its intended function by such means

Note 1 to entry: Products which can be considered to be medical dévices in some jurisdictions, but rfot in others
inclyde:

— |items specifically intended for cleaning or sterilization ofimedical devices;

— |pouches, reel goods, sterilization wrap, and reusable containers for packaging of medical [devices for
sterilization;

— |disinfection substances;

— |aids for persons with disabilities;

— |devices incorporating either animal or human tissues, or both;

— | devices for in vitro fertilizatien\or assisted reproduction technologies.
[SOPRCE: I1SO 11139:2018, 8.166]

3.32
norn-pyrogenic, adjt
notjinducing a fever

Note 1 to entryyDescribes an item or product that contains endotoxin levels that conform to specifiefl limits.

3.38
outjof specified limits
OSL
sample with a valid bacterial endotoxins test (BET) (3.1) result that exceeds a product endotoxin limit
(3.9) specification

Note 1 to entry: The term OSL applies only within the context of this document and does not imply compliance
with any other regulatory guidance dealing with out of specification (O0S) results.

3.34

product positive control

PPC

sample spiked with a known amount of endotoxin used for confirmation that the product being tested
is not subject to interfering factors (3.21)

© IS0 2023 - All rights reserved 5
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3.35
pyrogen

substance that induces a fever

3.36
pyrogenic
inducing a

, adj.

fever

Note 1 to entry: Describes an item or product that contains endotoxin levels above specified limits.

3.37

Reference
RSE
US Pharma
vial

3.38
repeat tes
analysis of]

3.39
retest
reanalysis

3.40
standard

serial diluf
(3.4) used

3.41
Tachypleu
TAL
reagent e
tridentatus
levels in bd

Note 1 to en
similar lysa

3.42
turbidime
bacterial e
measured
and endotd

3.43
validation

stdndard Endotoxin

copeia (USP) endotoxin reference standard that has a defined potency of 10 000 USREUs|

k
additional product samples from a previously tested batch or another batch

of previously tested product samples or product sample preparation

control series
ion series of Reference Standard Endotoxin (RSE) (3.37) or control standard endotoxin ({
[0 verify Limulus amebocyte lysate (LAL) (3.28) sensitivity

5 amebocyte lysate
tracted from amebocytes taken fiom hemolymph of the horseshoe crab, Tachyp

cterial endotoxins test (BET) (3.1)-methods

try: The term TAL is sometimes used to describe Limulus amebocyte lysate (LAL) (3.28), as botH
Fes that are used in the BET. They also are often generically referred to as “lysate”.

tric technique

ndotoxins test (BET) (3.1) methodology that quantifies or detects endotoxin on the basis
furbidity reaction proportional to the interaction of Limulus amebocyte lysate (LAL) (3]
xin

confirmati

per

[SE)

leus

which reacts with endotoxin, to-form a gelatinous clot and is used to estimate endot¢xin

are

of a
28)

onthrouch the nravision aof ahiective evidence thatthe reauirements for a snecificinte
T r J 4 1 F

ed

use or application hgve been fulfilled

Note 1 to entry: The objective evidence needed for a validation is the result of a test or other form of determination
such as performing alternative calculations or reviewing documents.

Note 2 to entry: The word “validated” is used to designate the corresponding status.

Note 3 to entry: The use conditions for validation can be real or simulated.

[SOURCE: 1

SO 11139:2018, 3.313]
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3.44

verification
confirmation, through the provision of objective evidence, that specified requirements have been
fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection or of other
forms of determination such as performing alternative calculations or reviewing documents.

Note 2 to entry: The word “verified” is used to designate the corresponding status.

[SOURCE: ISO 11139:2018, 3.314]

3.4

water for bacterial endotoxins test
WBET
purjfied water employable as a solvent, diluent, and/or extractant that is non-reactive wit}

em
in U

appfropriate solution meeting these requirements)

4

4.1
are
imp
estd
dev]

loyed at the detection limit of the reagent, and does not elicit interference (3.19) with m
se (typically Limulus amebocyte lysate (LAL) (3.28) reagent water, water for injectio

General requirements

The development, validation and routine control of preducts with acceptable endot
critical elements in the realization of some types of health care products. To ensure the|
lementation of the requirements specified in this.decument, the necessary process
iblished, implemented and maintained. Processes of particular importance in relaf
elopment, validation and routine endotoxin contt'el of a process include but are not limitg

control of documentation, including records;
assignment of management responsibility,
provision of adequate resources,including competent human resources and infrastruct;
control of product provided by external parties,

identification and traceability of product throughout the process, and

control of non-conforming product.

NO1I
Sys
car
Sys

4.2

E
ms for regulatory purposes. National and/or regional regulatory requirements for the provisi

ISO 13485 Covers all stages of the life cycle of medical devices in the context of quality 1

Avprocess shall be specified for the calibration of all equipment, including instrume

the lysate
bthodology
h, or other

oxin levels
consistent
bs shall be
ion to the
d to:

re,

nanagement
bn of health

e
3 product can-require the implementation of a full quality management system and the assessient of that
em by a recognized conformity assessment body.

ntation for

tes

putrposes, used in meeting the requirements of this document
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5 Selection of products

5.1 General

5.1.1 The types of products required or labelled to be non-pyrogenic and the associated bacterial
endotoxin limits shall be determined and be consistent with the intended clinical application.

Products should not be labelled as ‘pyrogen free’ because complete freedom from bacterial endotoxins
cannot be demonstrated by testing due to the detection limits inherent in current test methods. The

term ‘non-

pyrogenic’ should be used.

q

J

NOTE 1

NOTE 2
5.1.2 Fol
depending

required (g

5.1.3 Prq

ee A.5.1.1 and Annex B for risks associated with endotoxins and for commonly used limits.

National regulatory requirements can apply regarding non-pyrogenic labelling.

some products, higher endotoxin limits can be justifiable, with additional supporting ¢

.g. devices with intrathecal contact).

ductrequired or labelled to be non-pyrogenic shall require explicit substantiation employ

a suitable BET method. Such substantiation shall include at least one ofthe-following:

end-pr

altern

5.1.4 Al

oduct testing for each batch;

itive-to-batch testing (see Clause 10 and Annex E).

parts of products required or labelled to be non-pyrogenic shall be included in the tes

process. The exclusion of any part of the product shall-be justified and documented (e.g. a handle

power corgd

5.1.5 Th

).

not come imto contact with the patient. Suchpertions of the product that do not have patient contact]

not require

5.1.6 Fo
the fluid p
the portioy
to which t
evaluation

5.1.7 Fol
both, appli

d or intended to be non-pyrogenic, and may be excluded from endotoxin testing.

products for which a claim’ of non-pyrogenicity applies only to a portion of the product
hth in an administration set for intravenous infusion), endotoxin testing does not appl

he claim applieS-{such as ‘non-pyrogenic fluid path’) shall be supported by appropr
of components.and surfaces relevant to that portion of the product.

bs toenly a portion of the kit, endotoxin testing does not apply to the portions of the kit

intended t

bémnon-pyrogenic. The non-pyrogenic portions of the kit shall be supported by appropr

lata

on the risk/benefit of the device. Likewise, for other products, more stringent limits cah be

ring

[ing
DT a

bre are health care products that have portions of the product that are sealed and as such do

are

e.g.
y to

s of product not infeitded to be non-pyrogenic. A statement about the portion of the prodluct

jate

multi-component kit products for which a claim of either non-pyrogenicity or label clain, or

not
iate

documentdd rationale

5.2 Sele

ction of product units

5.2.1 The sampling criteria for selection of product units for endotoxin testing are based on the
premise that the manufacturing process, as well as the processes identified in 4.1, are controlled (refer

to A.2).

NOTE

See Annex D for guidance on in-process monitoring of manufacturing processes or component testing.
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5.2.2 The selection of product units for testing shall be based on criteria defined in a sampling plan
thatincludes an assessment of components and processing. This rationale should consider the following:

a)
b)
‘)
d)
e)

applicable regulatory requirements;
assessment of risk;
historical performance;

manufacturing process validation;

statistical considerations

5.2

5.2
The
cha
doc

5.2
pro
ass

Clagise 10 and Annex E).

batch may be defined as each production lot or a product intended or purperted to be
Facter and quality produced during a specified cycle of manufacture. This'should be supp
umented rationale or risk assessment (refer to A.5.2 for guidance onthe humber of samp

3.2 Alternatives to batch testing may be used if it has been demonstrated that the mar

bssment to evaluate the criteria used to establish the Gampling plan shall be perfc

5.2
end

5.2
bee
san
end|

5.2
ster]
the
san
The
Gui

NOT

5.2
the

4 Samples selected for testing shall include all faetors that can affect or contribute to |
otoxin.

5 Samples used for endotoxin testing can be selected from routine production, product

ples that are representative of thelfull manufacturing process and representative
otoxin levels.

6 Samples may be obtained prior to sterilization (pre-sterilization) or after sterilizg
ilization). Post-sterilization samples encompass all the factors that can affect the
endotoxin test. When pre-sterilization samples are selected for testing, the acceptab
ples in representing.the endotoxin level on sterilized product shall be justified and dd
program for ongoing testing should consistently reflect either pre- or post-sterilizatig
Hance is providedin A.5.2.6 for assessing the acceptability of pre-sterilization testing.

E For products that support microbial growth, see A.5.2.6.

3 There are two types of sampling plans: batch testing and alternatives to batch.testinlg.

h rejected for other production quality.iSsues that have no effect on endotoxin content, of

3.1 For batch testing, non-pyrogenicity is confirmed through the use of, énd-prodyct testing.

uniform in
orted with
les).

ufacturing

ress and materials are suitably controlled. If alternatives to batch testing are performed, a risk

rmed (see

he levels of

s that have
surrogate
of product

tion (post-
broduct or

ility of the

cumented.
n samples.

7 ivthe testing of multi-component kits (procedure packs) or sets of individual prod
same sterile barrier system, dependmg upon how the product is used, there are insta

eacl

icts within
ces where
tents may

be con51dered as a smgle entlty Con51derat10n of a set or a kit as a smgle unit shall address sample

preparation in adherence to method requirements and the applicable endotoxin limit. The total volume
of extraction fluid used for the subcomponents should not exceed the maximum extraction volume
determined by the MVD.

6

6.1

Methods for BET

General

6.1.1 There are currently three commonly accepted BET techniques. The choice of technique
should be based upon an assessment of the laboratory’s capability, experience, sample throughput
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requirements, data handling requirements, and the nature of the test sample. The current techniques
and associated methods are:

a) gel-clot techniques: limit test and assay methods;
b) chromogenic photometric technique: end point method;
NOTE A turbidimetric end point is available but is not commonly used.

¢) chromogenic and turbidimetric photometric techniques: kinetic methods.

Informationon-each of these methods is prpcpnfpd inAg6

6.1.2 The selected method shall be determined to be suitable as specified in Clause 7. Continued
suitability ghall be confirmed as specified in Clause 9.

6.2 Consideration of an applicable endotoxin limit

6.2.1 Endotoxin limit

The endotgxin limit defines the maximum allowable amount of endotoxin préesent on the product dr in
a product gxtract solution.

6.2.2 Calculation of endotoxin limit for the extract solution

The endotoxin limit for the extract solution in endotoxin units:per ml (EU/ml) shall be calculated as
shown in Formula (1) as:

(K)(ND M
%4
where
K s the product endotoxin limit;
N s the number of devices tested;
4 s the total volume of(thé extract or rinse (ml) that can be adjusted for the size and configu-

Fation of the device(s).

Product endotoxin limits'can be reported in terms of EU/ml, provided an appropriate specified volime
for rinsingf/immersing;hias been determined to not exceed the MVD. Reporting the results in EU/de}yice
takes into ficcount.the initial extraction volume.

6.2.3 Mgdximum valid dilution (MVD)

6.2.3.1 Products can sometimes interfere with a BET, resulting in inhibition or enhancement due to
the presence of interfering factors. The interfering factors shall be assessed. A common technique used
to mitigate such interference is to dilute the product extract with water for bacterial endotoxins test
(WBET) or another appropriate diluent. The interference can also be diluted by increasing the total
extraction volume used to extract the product (e.g. rather than extracting with 40 ml, extract with
80 ml). Because these techniques will also dilute any endotoxin present, there is a limit to the extent of
dilution that is allowed. This is referred to as the maximum valid dilution (MVD) and shall be calculated

as shown in Formulae (2) and (3):
The MVD, in terms of extraction solution in EU/ml:

EU/mL Endotoxin Limit of extract solution(EU /ml)
A A

(2)
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or the MVD in terms of maximum extraction volume in EU/device:

EU/device Endotoxin Limit(EU /device)
A A

(3

6.2.3.2 The value of the MVD indicates the greatest dilution or total extraction volume that may be
used to overcome inhibition/enhancement, based on the sensitivity of the LAL. For example, an MVD of
10 means that a sample extract can be diluted no more than 1:10 without affecting the ability to detect
the product endotoxin limit (see Tables A.5 and A.6 for examples of calculations).

6.213.3 If a product is tested at the MVD, the endotoxin test indicates a pass or fail-result. Any
endptoxin detected in the assay (a positive test result) that exceeds the defined endotoxin| limit shall
indlcate a failing result. A negative result indicates a passing result.

NOTE1 When a product is tested at a dilution less than the MVD, and endotoxin or interference i detected, it
can e necessary to carry out further dilution to determine if a result meets or does notmeet acceptance criteria.

NOTE2  When a product cannot be tested at a dilution less than or equal to the MVD, a risk justified adjustment
of the endotoxin limit (see 5.1.1) and recalculation of the MVD on this basis can.be taken into account.

6.3| Critical test parameters

6.3]1 Temperature

The lysate manufacturer’s instructions shall be referredto for appropriate temperatures. [ncubation
for BET methodology is typically carried out at 37 +4.°C.

6.3]2 Time

The lysate manufacturer’s instructions shall be referred to for time intervals for reagent addition
and| incubation. Incubation time for the'gel-clot BET methodology is typically 60 * 2 min. [For kinetic
methods, the incubation time varies-depending on the conditions of the test.

6.33 pH

The lysate manufacturer’s\instructions shall be referred to for the optimum pH range for the BET
reagtion. The pH range-for'BET methodology is typically 6 pH to 8 pH units. Performing the tlest outside
of the optimum pH sranges can result in interference. When positive product controls are|acceptable
durfng suitability testing, it is possible that subsequent pH measurements will not bg¢ required.
However, if adjustiments in pH are made during suitability testing, then the pH shall be|addressed
during subsequent routine testing.

6.4 Equipment and materials

6.4.1 Due to the limited temperature range required for the BET, equipment such as heat blocks or
water baths used to incubate gel-clot tests, shall be mapped for heat distribution during qualification
and maintenance activities. Mechanical pipettors, including fixed, adjustable, and repeating units, shall
be calibrated periodically and the calibration documented.

6.4.2 If the laboratory is performing a chromogenic or turbidimetric technique, the BET instrument
hardware shall be qualified and software shall be validated.

6.4.3 Materials that are not supplied as certified to be non-pyrogenic, e.g. multi-well plates, shall be
evaluated prior to use to ensure that they will not interfere with the assay. This can be accomplished,
for example, by testing a sample of materials to demonstrate that they do not interfere with the assay.
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6.4.4 The equipment used for the depyrogenation of glassware and other equipment used in a BET
shall be qualified and maintained. Methods used for depyrogenation shall be established, validated and
documented.

6.4.5 Ensure all materials used to collect, store, or in other ways perform the BET, do not themselves
introduce enhancement or inhibition into the test system, e.g. due to leachables or the adherence of
endotoxins to the material.

6.5 Reagents

6.5.1 LAL reagents shall be obtained from licensed manufacturers as applicable.

6.5.2 The primary endotoxin standard is called the Reference Standard Endotoxim(RSE). [The
activity of[secondary standards or control standard endotoxins (CSEs) shall be standardized agajnst
the refererjce standard and documented by a certificate of analysis or similar record.

lysate or efpdotoxin manufacturer’s product instructions. If storage conditions-utilized in the laboratory
are different from those recommended by the manufacturer’s instructions,‘the conditions of alternafive
storage shall be validated.

6.5.3 St(lrage requirements for freeze-dried and reconstituted reagents are/described in indivilual

7 Methpd suitability for BET (BET validation)

7.1 General

The BET method shall be determined to be suitable. to;adequately demonstrate that the test articles
do not of themselves cause inhibition, enhancement, or otherwise interfere with the accuracy fnd
sensitivity|of the test. This is accomplished threugh method suitability. Method suitability condists
of multiplg¢ aspects, including product and  test method suitability, as well as reagent and anaflyst
qualificatign.

The numbér of batches chosen for product and test method suitability shall reflect the level of corIrol
of the manufacturing process and shall be justified. A minimum of one batch per product or product
family shall be used to demonstrate)product and test method suitability. The number of replicateq for
reagent anfl analyst qualification are detailed in 7.4.

NOTE1 Ilaboratory quality-management systems can already include these items as part of either intefnal
method deyelopment or gualification, or both. In this case, further method suitability testing might nof be
necessary.

NOTE 2  Development of a suitable test method can be required for products demonstrating enhancement or
inhibition dpe to ipterfering factors in the sample extract. Additional information can be found in A.7.3.4.

NOTE 3 or-health care products, an endotoxin recovery efficiency study is generally not required becauge of
the conservative approach used in establishing endotoxin limits for devices (see B.5 and B.9).

7.2 Product and test method suitability
7.2.1 Gel-clot technique

7.2.1.1 Prepare solutions as listed in Table 1. The sample solution shall be at a dilution less than or
equal to the MVD and shall not contain any detectable endotoxin in the test system used. Test each
endotoxin-spiked dilution series and negative control. The geometric mean end point concentrations
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of each endotoxin-spiked dilution series can be determined using the formula listed in the preparatory
testing in 7.4.1.

Table 1 — Preparation of solutions for test method suitability — Gel-clot technique

Solution Diluent Endotoxin spike Endotoxin concen-| Number of
tration replicates
Positive product  |Sample solution Prepare 2 A solution, then 2A 4
Con_trol (PPC) 2-fold serial dilutions 4
series
ofinitial2Aprep 0;5-% 4
0,252 4
Sample solution Sample solution None NA 4
Staphdard control |WBET Prepare 2 A solution, then 2A 2
seryes 2-fold serial dilutions py 2
of initial 2 A prep 0,52 2
0,252 2
Negative control |WBET None NA 2

7.2[1.2 The sample meets the criteria for method suitabilityif;
a) [the LAL sensitivity in the PPC series is within 0,5 A and\2 2;
b) |negative controls show no reaction;

c) |[the result of the standard control series is within 0,5 A and 2 A.
7.2{2 Kinetic and end point methods (chromogenic and turbidimetric techniques)

7.2{2.1 Select an endotoxin concentration at or near the middle of the endotoxin standard curve.
Prepare solutions as listed in Table 2-The sample solution shall be at a dilution less than or dqual to the
MVD. A valid PPC fulfils the requirement for test method suitability (see Table 2).

Table 2 — Preparation of'solutions for test method suitability — Kinetic and end poinr methods

Solution Diluent Endotoxin spike Minimum number

of replilcates

Prdduct positivedcontrol Sample solution At or near the middle concentra- |2

(PRC) tion of the standard curve

Sample solution Sample solution None 2

Stahdafd'control series? WBET Minimum of three different con- |2 per concentjration

centrations
Negative control WBET None 2
3 Can be achieved with an archived standard curve.

7.2.2.2 Calculate the recovery of the added endotoxin by subtracting the mean endotoxin
concentration in the sample solution from the mean endotoxin concentration in the PPC and dividing by
the known endotoxin concentration.

7.2.2.3 The sample meets the criteria for method suitability and is valid if:

a) the measured concentration in the PPC is within 50 % to 200 % of the known added endotoxin
concentration;
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b) the mean reaction time of the negative control is greater than the mean reaction time of the lowest
standard in the control series;

c) theresultofthe standard control series conforms to the absolute value of the correlation coefficient,
[r| = 0,980.

The data to support the criteria for method suitability may be gathered simultaneously with performing
aroutine test on product.

7.3 Sample preparation

7.3.1 Gejneral

7.3.1.1 Product samples and sample extracts for testing shall be collected and stored ina, manngr to
maintain sfability of the endotoxin content.

NOTE §terile products in their final packaging configuration or products that do not support micrgbial
growth (seq 5.2.6) in protective packaging will not typically exhibit an increase or decrease in endotoxin lgvels
over time.

7.3.1.2 Aroutine BET shall use the same sample preparation/extractiofibmethod used in the method
suitability study of the BET. Products may be flushed or immersed foppfeparation of the eluate/extfact
for testing| The extraction method used depends on the specific non-pyrogenic claim (e.g. entire device,
fluid pathway) or intended use for the product.

7.3.2 Solid health care products

7.3.2.1 Splid health care products are tested eithe¥ individually or pooled for extraction when
performing a routine BET.

NOTE Typically, the endotoxin limits for a bat¢h take into consideration the pooling of a maximum df 10
health care|products, maintaining the safety of the patient pyrogenic threshold. See A.5.1.1 and Annex H for
additional ipformation.

7.3.2.2 Using depyrogenated instruments or instruments demonstrated not to interfere with|the
assay, the device(s) may be cut or. disassembled for the extraction.

7.3.2.3 Bxtract the samplesusing one of the following or other demonstrated acceptable conditiohs:
— Fill with WBET or_intmerse in WBET and hold for a minimum of 1 h at ambient temperature.

— Fill with WBET.er immerse in WBET and hold at 37 °C to 40 °C for a minimum of 15 min.

NOTE Illegulatory requirements can prescribe alternate acceptable BET extraction conditions.

7.3.2.4 Agitation (intermittent or continuous) is recommended to aid in the extraction process. If
product units are extracted individually but are intended to be tested as a pooled sample, combine the
eluates from each extraction to obtain a pooled sample, as appropriate.

NOTE Where the product configuration precludes total immersion, extraction can be performed by agitation
that provides intermittent or continuous rinsing/extraction over the entire product. For guidance on how to
address large devices or kits refer to A.7.3.2.5.

7.3.2.5 The MVD, or maximum amount of extraction fluid that may be used for the pooled extract
for a given endotoxin limit, is calculated as described in 6.2.3. The volume of WBET used to extract the
product units may be adjusted to facilitate extraction, depending on the size of the device. To overcome
interference, the sample extract may be further diluted to a level not to exceed the calculated MVD, as
described in 6.2.3.
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7.3.3 Aqueous health care products

7.3.3.1 Aqueous health care products, biological components in aqueous form, or other aqueous
samples may be tested without extraction. Samples may be diluted as determined in method suitability
testing.

7.3.3.2 Powders, gels, and pastes shall be in suitable form for testing.

7.3.3.3 Detergents or chelating agents present on some products can cause interference. Dilution or

other fpr‘hnir}nnc (p g suitable hllffprc) canbe necessary to gvercome interference as ]nng asthe MVD is

notlexceeded.

7.3}4 Sample interference

If interference is observed in any BET, the sample extracts can be either djltited (not to exceed the
MVD) or treated to overcome inhibition or enhancement, or both. Treatments to sample pxtracts to
overcome interference, such as filtration, neutralization, dialysis or heat treatment, shall be validated
or demonstrated to be suitable without loss of endotoxins. All sample manipulations shall e specified
in the method suitability data/report and the same process shall be maintained during routine testing.

7.4 Reagent and analyst qualification

7.4]1 Gel-clot technique reagent qualification

The label claim sensitivity (A) of each lot of lysate reagént shall be verified by testing. The test shall be
performed in quadruplicate, with a series of twofold*€ndotoxin dilutions that bracket A (e.g. flilutions of
2 A|A, 0,52, 0,25 A). The geometric mean end peint of the series shall confirm A *+ one twofold dilution.
Onde confirmed, the label claim sensitivity is-used in all calculations. The geometric mean pf the label
claim sensitivity is calculated as shown insformula (4):

Geometric mean = antilog (Ze/f) 4)

whére

Ye isthe sum of thelogend point of each series;

f  is the numberof replicates.

NOTE Refer to.Tdble A.7 for worked example.

7.4{2 Kinetic and end point method reagent qualification

Kinptic and end point methods (photometric quantitative techniques) require the demonstration of a
lindar=standard curve acraoss the range of endotoxin concentrations that will he rnnfinn]y 1sed in the
analysis. At least three different endotoxin concentrations shall be used to generate the standard curve.
Linearity requires that the absolute value of the correlation coefficient |r| be = 0,980 for the range of
endotoxin concentrations indicated by the lysate manufacturer’s instructions.

If the standard curve range is greater than two logs, additional concentrations of the standard (e.g. 10-
fold dilutions) should be included to bracket each log increase within the range of the standard curve.
A standard curve should be no more than 4 logs, because a 5-log or greater curve can be interpreted
incorrectly within the mid-range of the curve. If a standard curve is less than two logs, it is suggested
that twofold dilutions be performed for the standard curve.

For cartridges pre-loaded with all the reagents needed for the test, acceptance information can be
demonstrated using vendor supplied data or supplier certification.
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The defined standard curve range that is used for reagent qualification shall be used during routine

testing.

NOTE

performed, additional reagent qualification might not be necessary.

7.4.3 Analyst qualification

If the label claim sensitivity of a lysate lot against the endotoxin standard lot has already been

Each analyst performing the BET shall demonstrate competency by successful performance of the
reagent qualification method.

NOTE ]
managemer

8 Routi
8.1 Rou

8.1.1 Ge|

Prepare an
prepared 4

'ypically analyst qualification (including continued proficiency) is covered by the laboratory gu
t system.

ne testing, monitoring and interpretation of data

line testing

I-clot limit test

sing a dilution not greater than the MVD.

Table 3 — Preparation of solutions forgel-clot limit test

hlity

d test solutions as listed in Table 3 for routine testing. The sample solution and PPC shall be

Solution Diluent Endetoxin spike Number of replicates
Sample sol{ition Sample solution None 2
Product pofitive control (PPC) Sample solution 25X 2
Positive control WBET 2A 2
Negative cqntrol WBET None 2

8.1.2 Ge|

I-clot assay

Prepare sdlutions as listed in Table 4 for routine testing. The dilution series described for the sample

solution is
Testing the
obtained o
endotoxin
result are
endotoxin

ntended to dilute an endetoxin-containing sample to an end point to facilitate quantificaf
b entire dilution series using twofold dilutions is not necessary unless a positive resu
n the initial sample’solution. Additional dilutions may be used as needed to quantify
n the sample.dHgwever, once a dilution with a positive result and a dilution with a neg

found, twofold-dilutions between the first positive and negative shall be made to obtai
yalue.

Table 4 — Preparation of solutions for gel-clot assay

ion.
tis
the
ive
an

Test solution Pituent Emdotoxin Pitutionrfactor —Endotoximcom—Miminmmummumber
spike centration of replicates
Sample solution |Sample solu- |[None 1 - 2
tion 2a B 2
WBET 4a B 5
WBET ga _ 2
WBET
Positive product |Sample solu- |22 1 2A 2
control (PPC) tion

a

If the undiluted sample solution is positive, additional dilutions can be used to quantify endotoxins. Alternatively, in
some circumstances, dilutions can be omitted.
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Table 4 (continued)
Test solution Diluent Endotoxin Dilution factor | Endotoxin con- | Minimum number
spike centration of replicates

Standard control |WBET Prepare 2 A 1 2A 2
SEries WBET solution, then 2 A 2

WBET twofold 4 0,52 2

WBET dilutions of 3 0,251 2

2 Aprep

Negativecontrot—WBET Nome 1 NA 2
a |If the undiluted sample solution is positive, additional dilutions can be used to quantify endotoxins{ Alt¢rnatively, in
sonje circumstances, dilutions can be omitted.

8.1

For

8.2

BE']
san

8.3

8.3/1 General

Thd
limit.

If th

routine testing, see Table 2.

Monitoring (test frequency)

3 Kinetic and end point methods (chromogenic and turbidimetric)

Interpretation of results

test article is acceptable if the level of endotoxin is in conformance with the product

A valid routine test requires that the-results given in Table 5 are observed.

Table 5 — Requirements for valid routine test

shall be performed in accordance with a documented and justified sampling plan havinjg a defined

pling frequency and sample size (see Clause 5). See A.5.2 and-A.10 for additional guidange.

endotoxin

e test article exceeds the product endotoxin limit, perform a failure investigation (see Afinex C).

Criteria

Gel-clot assay

Kinetic and endpoint mel::Lods
(chromogenic and turbidi

tric)

series criterid

standard control

standard control series confirms A within
arangeof0,5Ato2 A

standard curve has a minimum valpe of corre-

lation coefficient [r] of 0,980

—

egative control

negative control is non-reactive

mean reaction time of the negativ¢ control is

criteria greater than mean reaction time of the lowest
standard in the control se1fies
PPC'criteria PPCis recovered (i.e. positive) PPCis recovered in the range off50 % to
2000 £ 1 ddad dad 3
Z U0 /0 o tne RirowiracaaecenaotoX1n concen-

tration

An acceptable maximum CV% for replicates of standards, samples, spiked samples and negative
controls should be established (see A.8.3.1.1).

If a sample is diluted, the total endotoxin per product unit may be calculated by applying the appropriate
mathematical factors to the determined sample solution endotoxin concentration (i.e. sample/extract
volume, product weight, sample-to-product ratio).

If the test is conducted with a diluted sample solution(s), calculate the concentration of endotoxin in the
original sample solution by multiplying by the appropriate dilution factor.
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8.3.2 Gel clot methods

8.3.2.1 For the gel-clot limit test, the article under test is acceptable when tested at or below the MVD,
when the applicable parameters are met (see Table 3) and when negative results are found in both tubes
containing the sample solution.

If positive results are found in any of the tubes containing the sample solution, when tested at the
MVD, the test article exceeds the endotoxin specification. Refer to the guidance on OSL and failure

investigation (see Annex C).

8.3.2.2 F
calculating
factor by A

of the repl
than A.

8.3.3 Kil

For kinetic
when the §
replicates

with the p
refer to the

8.4 Dats

For the put
incorporat|

Data deriv

8.5 Stat

If used, the

9 Main

9.1 Gen

In order to
continued

NOTE I

pr the gel-clot assay, determine the endotoxin concentration In the sample solution
the end point concentration for each replicate series and multiply each end point dilu
The endotoxin concentration of the sample is the geometric mean end point conecentra
cate dilution series. If the undiluted sample is negative, the endotoxin concentnation is

hetic and end point methods

and end point methods (chromogenic and turbidimetric), the article;under test is accept
ipplicable parameters for validity are met and if the mean endotoxin concentration of]
pbf the sample solution, after correction for dilution and concentration, is in conformg
‘oduct endotoxin limit. If the endotoxin level of the test article exceeds the endotoxin li
guidance on OSL and failure investigation (see Annex CJ.

| analysis

pose of the BET and BET results, measurement uncertainty, precision and bias are typid
bd in method validation and therefore this-type of data analysis is not required.

bd from the endotoxin test can be usedit@identify trends.

stical methods

application of statistical methods shall be appropriate for the intended purpose.
fenance of the BET method

bral

buitabilityshall be performed. This can be met by a valid PPC in the kinetic test method.

aboratory quality management systems can already include these items as part of either inte

by
fion
fion
less

hble
the
nce
Mmit,

ally

detect inadvertent changes that can result in invalid test results, periodic demonstration of

rnal

method dev

elapment or qualification, or both. In this case, it is possible that further suitability testing will ng

t be

necessary.

9.2 Changes to either the product or manufacturing process, or both

9.2.1 Changes to either the product or manufacturing process, or both, shall be reviewed to determine
whether they are likely to alter bacterial endotoxin levels with consideration to the purpose for which
BET data are to be used.

9.2.2 Re-assessment shall be performed for any changes that can impact the test, for example
introduction of new materials, processing steps, product configuration changes, method of sterilization
(for post-sterilization testing) or a different product manufacturing site. This assessment shall include
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evaluation of the effect of the change on the outcome of determination. The results of this re-assessment
shall be recorded, and suitability studies repeated as necessary.

9.2.3 For kinetic and end point methods, if a valid test is obtained, including a valid PPC, a one batch
suitability study is considered sufficient for reassessment.

9.3 Changes to the BET method

9.3.1 Changes to a BET method shall be assessed. This assessment shall include evaluation of the

eff tofthachanaoa ontha antcama of dotarmiintinn Thao racultc aftha cccacormant chall hg recorded
e Or—Ttrre-cric s C- ot e- oot e o e- o e e r o et O e e ot o Ot I e oo OO et Ot o .

9.3]2 Affected elements of the suitability study shall be repeated for the following:

a) |changes to the extraction method, including a change that involves alternate-extractigqn methods
or parameters that are outside of the defined extraction parameters (e.g,adding sonicdtion, using
alternate temperatures, use of solvents);

b) [achange in BET technique (e.g. chromogenic to gel-clot, chromogenic to turbidimetric);

c) |achange to the lysate manufacturer.

9.3]3 Re-assessment of suitability shall be performed for,a.change in BET testing labordtories or a
chapge in materials/equipment that can affect the test.

9.314 For kinetic and end point methods, if a valid tést is obtained, including a valid PPC, § one batch
suitlability study is considered sufficient.

10|Alternatives to batch testing

10.1 General

Non-pyrogenicity is typically cenfirmed through the use of end-product batch testing fpr product
relgase. Alternatives to batchrtesting may be used if it has been demonstrated that the marjufacturing
professes, process inputs (€.g-components, utilities) and the manufacturing environment gre suitably
confrolled and capable of\producing products with endotoxin levels that consistently medt specified
lim{ts. Such demonstration generally includes sufficient data from end-product testing, marjufacturing
profess controls, and/or process input testing showing acceptable endotoxin levels.

In dases where_specific health care products require batch testing, it is possible that altefnatives to
bat¢h testing will not be allowed.

NOTE See Annex E for specific guidance on alternatives to batch testing.

10.2 Criteria for establishing alternatives to batch testing

10.2.1 Alternatives to batch testing require identification of key process steps or control points, as
well as additional risk assessment to demonstrate a process is appropriate for such an approach.

10.2.2 Alternatives to batch testing shall be supported via planning and validation (see 10.3.1),
manufacturing process design (see 10.3.2), process control (see 10.3.3) and change control (see 10.4),
as well as periodic review and adjustments made as necessary (see 10.5).

10.2.3 If alternatives to batch testing are used, the rationale for the alternative shall be documented
and the sampling plan shall be defined. Additionally, if a failure occurs, an alternative sampling plan
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and the requirements necessary to return to an alternative to batch testing plan or reduced sampling
plan, should be considered and documented as appropriate.

10.2.4 Alternatives to batch testing can involve several options, including reducing the number of
samples tested, reducing the frequency of testing, testing representatives from product families, or
using alternatives to end product, e.g. surrogate product. See Annex E for examples of alternatives
to batch testing and refer to B.10 for information on the Failure Mode and Effects Analysis (FMEA)
approach to alternatives to batch testing.

10.3 Manufacturing process assessment

10.3.1 Quality planning of manufacturing processes

The quality planning of a manufacturing process shall be documented and records retained.as specified
in 4.1. Quality planning of a manufacturing process to ensure non-pyrogenic productrshall includefthe
following dlements:

a) Proceds risk assessment: A documented analysis of the manufacturing process with key prog¢ess
elements identified by a risk assessment tool (e.g. FMEA, hazard analysistand critical control pgint,
fault tree analysis).

b) Either|process validation or applicable data, or both, to demonstrate sufficient manufactufing
procegs controls.

NOTE A comprehensive review and assessment of the accumulated historical production, testing, corjtrol
and other infformation for a product already in production and distribution can be used to satisfy the elements of
process validation.

10.3.2 Prpcess design

Manufactufing operations, including ancillary. manufacturing operations (e.g. water system) shall be
designed tI minimize the presence of endotoxityon the product. Manufacturing operations shall be yell
characterized with established operating(specifications. New and existing manufacturing processes
shall opergte in a state of control and shall.be assessed for variables that could contribute to endot¢xin
contamination.

10.3.3 Prpcess control

10.3.3.1 Manufacturing eperation control shall be demonstrated through appropriate testing. A
system of pngoing monitoring at key control points shall be in place to ensure the production of on-
pyrogenic product isaintained.

The follow|ng shall be provided for each defined control point:

a) asampling plan;

b) control levels (e.g. alert or action);

c) action to be taken when control levels are exceeded.

10.3.3.2 In the case of an unacceptable result for a sample that represents product employing an
alternative to batch testing sampling plan approach (including surrogate product), consideration shall
be given to the risk of all product represented by that sampling plan. The affected product shall be
evaluated according to established non-conforming product procedures.
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10.4 Change control

Process changes or deviations shall be assessed to determine the impact on the endotoxin level of the
product or manufacturing operations or BET method suitability. Changes can include, e.g. product
design, process deviations, changes in raw materials, water supply.

The extent of requalification or testing that is necessary shall be determined. The outcome of the
assessment, including rationale for decisions reached, shall be documented.

10.5 Maintenance of risk assessment

A mlanufacturing process risk assessment shall be reviewed and evaluated on a periodic basjs to assess
the|continued validity of the risk determination and risk controls established for alternatives to batch
tesfing. This may be conducted based on trend reviews.

Arigk assessment shall also be reviewed and evaluated whenever changes in the gperation cap adversely
impact end-product endotoxin levels. In accordance with the overall risk mandgement program defined
by the quality system, the output of such review can include a recommendation for revalidqtion of the
profess controls or modification of the risk mitigation activities.

NOTE Guidance on risk management activities can be found in ISO 14974
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Annex A
(informative)

Guidance on bacterial endotoxin testing (following the subclauses

in this document)

A.1 Scope

No guidange offered.

A.2 Normative references

The requirements given in documents that are included as normative references are requirement
this docunjent only to the extent that they are cited in normative parts of this document; the cita

s of
fion

can be to a|whole standard or limited to specific clauses in which case the réferenced standard is dafted.

It should He noted in particular that it is not a requirement of this document to have a full qua
t system. However, there are elements of a quality mandgement system which are applic

to control the BET for medical devices. Attention is drawn to, the'standards for quality manager:Lent
i

systems fdr all stages of production of medical devices (see ISO 13485). National and/or reg
regulations for the provision of medical devices can requiresthe implementation of a complete qua
management system and the assessment of that system hy a'third party.

A.3 Terms and definitions

No guidange offered.

A.4 General requirements

No guidange offered.

A.5 Seldction of products

A.5.1 Geperal

A.5.1.1 Products required to be non-pyrogenic are generally not required to be labelled as
pyrogenic.| Eor products that are required to be non-pyrogenic, the decision on whether or not to 1

lity
hble

nal
lity

jon-
hbel

the productas non-pyrogenic’ is typically based on national regulatory requirements or for marke
purposes.

ting

Table A.1 illustrates the expectations for products that are labelled as non-pyrogenic and are expected
to meet the same requirements for evaluation as those that are required to be non-pyrogenic based on

their intended use and patient risk.
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Table A.1 — Illustration of expectation for products labelled non-pyrogenic

Characteristic Product required to be non-pyro-

genic due to intended use genic

Product not required to be non-pyro-

Non-pyrogenic label claim Testing required Testing required

No non-pyrogenic label
claim

Testing required

Testing not required

The claim ‘non-pyrogenic’ refers to bacterial endotoxins derived from Gram-negative bact

eria and is

typlcally supported by performlng a BET. Gram posmve bacteria, while in some 1nstances are capable

ext emely hlgh levels of Gram posmve bacterla are requlred to e11c1t a pyrogemc response d

positive cell-wall constituents or intact bacteria having a potency several orders of magnitug
endptoxin. [50][42][36]

For|products labelled ‘non-pyrogenic, it can also be necessary to evaluate the product fo
mediated pyrogenicity (MMP) to fulfill regulatory requirements. This is in addition to any re
for evaluating the product for bacterial endotoxins. See ISO 10993-11:2047,"Annex G for c
reld
che
of t
ISO

micals are present and have leached from the device. The MMP tést is typically conduc
he initial biocompatibility assessment and is not generally performed routinely or for bat
10993-11 is referenced here solely for information related,to”"MMP. It is not intendec
refdrenced or used as part of a BET plan. For example, it is nof appropriate to reference ISO
1SO[ 10993-11,[2] or ISO 10993-12,[3] for determination 0f BET extraction parameters,
volumes, or sampling plans.

A.5
bac
70 |
originally set by the United States Food and Drug Administration (US FDA) and currently
Pharmacopeia (USP) <161> reduced 350 EUto 200 EU to account for potential extraction in
and| set the limit of 20 EU/device based on pooling extracts of 10 devices, assuming in a
scefario that the 200 EU can origindte'from one device in the pooled extract of 10 devices.[Z]
areltested individually, this would'mean the limit is 200 EU/device.

1.2 Studies in humans have supported a dose‘of 5 EU/kg as being a suitable toleran
ferial endotoxin contact with the circulatoryssystem or lymphatic system. Using a bod

Thd limit of 2,15 EU/device'‘'was set for devices with intrathecal contact, because endot
intrjathecal space has much'more pyrogenic potency than endotoxin with intravascular cont

Endotoxin limits higherthan 20 EU/device can be justified and can require regulatory acce
example, a limit 0f~35 EU/device or higher can be appropriate for medical devices withot
exppsure, givencthat the potency of the endotoxin to stimulate a pyrogenic response is lowe

ted to MMP associated with biological evaluation.l2] The MMP test isused to determine if

g, the maximum amount of endotoxin thatééan be administered in one hour is 350 EU.

s is because

e to Gram-
e less than

material-
uirements
arification
pyrogenic
Led as part
ch-release.

that it be
10993-1,[1
extraction

Ce limit for
7 weight of
The limit
1sed by US
pfficiencies
worst-case
[20] If units

bxin in the
ht.

ptance. For
[t systemic
I and there

is np need to.add the additional reduction in the limit due to potential extraction inefficiencies.

Subjcutaneous implantable health care products without systemic exposure are an example @
wh¢re‘higher endotoxin limits can be justifiable. [26]

faproduct

The current [imits provided in this clause are conservative and appropriate for all patient populations

including paediatric.
A.5.1.3 No guidance offered.

A.5.1.4 No guidance offered.

A.5.1.5 Examples of products with sealed portions that do not have patient contact can include the

interior portions of balloon catheters or the interior of cardiac pacemaker implants.

A.5.1.6 A documented evaluation of the health care product will determine the portions of the
product that are to not be considered non-pyrogenic and those that are excluded from testing.

© IS0 2023 - All rights reserved

23


https://standardsiso.com/api/?name=787e788b292bf4dbbf100b5339b4e2ec

IS0 11737-3:2023(E)

A.5.1.7 Use of the term “non-pyrogenic” on a label implies that all the components in the kit that
are in the sterile barrier system have been evaluated for endotoxin. Items within the kit typically not
intended or labelled as non-pyrogenic (e.g. packaging, gauze, sterile drapes) can be excluded from the
evaluation for endotoxin. However, a documented rationale for not testing these components, or a
labelling exemption of these items from the non-pyrogenic claim should be considered.

A.5.2 Selection of product units

A.5.2.1 No guidance offered.

A.5.2.2 Asampling plan as shown in Table A.2 has been commonly used and is generally considered to
be acceptaple. Global regulatory requirements should also be considered.

Table A.2 — Selection of number of samples

Batch size Number of samples
<30 2
30to 100 3
>101 3 % of batch, up to a maxim@m'of 10

Pharmacopeial requirements typically state not more than (NMT)}~10 units should be tested. [The
number of product units chosen for routine testing is dependent on€hé’size of the defined batch, lev¢l of
control, statistical considerations, and historical performance. Inimost cases, each lot of product shall
be tested using an appropriate number of samples, NMT 10, taken'at random to represent the qualitly of
the batch. plternate sampling plans that use small sample sizé&s or that do not test each batch of prodquct
shall be cldarly defined and supported/justified by a risk assessment (see Annex E).

Other statistically derived sampling plans, sometimes.Tequiring a greater number of samples, can be
necessary for validation or investigational purposes.

If sampling plans are used that require selectiiig more than 10 samples from a batch, no more than 10
samples shiould be pooled within a test.

A.5.2.3 No guidance offered.

A.5.2.3.1 |Product families for the BET can be established based on an evaluation of prodycts,
processes,|components, and\materials. For routine testing for product families, the selection pf a
single product type fromwithin a product family can be acceptable. It is possible that the designation
of product| families for endotoxin testing will not necessarily fit the criteria of product familie$ as
identified for other pupposes, such as sterilization equivalence or bioburden assessment. However, gach
manufactufrer should’evaluate, analyse, and document the appropriate designation based on prodluct
componen{s, mapufacturing processes, and intended usage.

When defipifg a sampling group as a production batch for the purposes of endotoxin testing,|the
endotoxin batch can be defined as several similar product types or groupings with the same endotoxin
risk. What is defined as a “batch” can differ from the definition of a “batch” for other purposes. For
example, multiple production batches that each require separate endotoxin testing can be sterilized
together in the same run or an endotoxin batch can be defined as several similar product types or
groupings with the same endotoxin risk.

In establishing a sampling group and selecting samples for endotoxin testing, the following factors can
be considered:

— raw materials or components (e.g. product containing extruded tubing from the same supplier
exposed to the same manufacturing processes and only differing in dimensions);

— production quantities from a single shift or defined time period (e.g. 8 h or 24 h, products with
similar endotoxin risks sterilized in the same sterilization load);
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product produced on specific equipment, or in the same manufacturing environment with
endotoxin risk (e.g. all product cleaned in the same bath);

product families (e.g. different sizes of the same product);

equivalent

product risk factors (e.g. products that undergo the same endotoxin reduction steps, products that

have the same endotoxin limits);

product produced using equivalent manufacturing processes (e.g. handling, automated versus

manual processes, drying, storage);

xin levels.

In-f
and
bat
san

For

multiple products (see Clause 7), a manufacturer can logically divide its products into group
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rocess sampling (i.e. sampling of raw materials or components) can be useful for process
risk control. In-process sampling can be used towards the justification for.'an” altg
th testing approach. Refer to Annex D for guidance on establishing endotoxin limits for

pling.

the test method suitability of a BET where the same testing process and* parameters a

pmmon components (chemical formulations) and can then choose fepresentative produc
h group. The product chosen from each group should ideally be:

largest source of extractables; and/or

the chemical formula that can present the most inhibition (e.g. pH, divalent ions) or en
(e.g. glucans), if applicable.

2.3.2 No guidance offered.

2.4 While it would not be necessary’for the samples selected for end-product teg
kaged with all packaging materials-and product literature that are used in the end pr
imum the packaging should includeall materials that would normally come into direct ¢
end product.

sideration should be givén)to packaging materials necessary to protect the samples a
famination while in trahsit to the testing laboratory.

2.5 No guidanee offered.

2.6 For products that support microbial growth (e.g. products that contain non|
eous liquids or gels), endotoxin levels can increase if there is a significant increase in
Is of Gram-negative microorganisms on or in the product prior to sterilization. In such ¢
ilization testing can be necessary to ensure that test results are representative of the en

monitoring
brnative to
in-process

e used for
b according
F from each

the one with the greatest surface area being extracted fe.g. fluid path), thus contributing to the

hancement

ting to be
oduct, at a
ntact with

nd prevent

Lpreserved

bioburden
ases, post-
d product.

Sor
mic

T pITAaracoperd State trat pre-steriiization testing s imappropriate for progucts t
robial growth.

at support

For products that do not support microbial growth, a documented justification based on an assessment
in consideration of factors such as the materials, manufacturing processes, historical data (e.g. shown
by comparative endotoxin testing), should be sufficient to allow for pre-sterilization testing. LAL has
been shown to respond to both living bacteria as well as endotoxins released from non-viable bacteria.
Provided that a product does not support microbial growth, it should be expected that pre-sterilization
and post-sterilization testing would be equivalent. [20][10][#6][34][35]

If it is unknown whether a particular material supports microbial growth, bioburden determinations
can be performed in accordance with ISO 11737-1 at multiple time points on an appropriate number
of samples from the same batch to assess the ability of the product to support growth and hence the
suitability of pre-sterilization testing. Other methods for assessing the capability of supporting growth
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can include inoculation with selected microorganisms or a determination of water activity for the
product. [13]

A.5.2.7 Multi-component Kits or sets

A.5.2.71

Sets

For the purpose of this document, a set is defined as a collection of components presented in a sterile
barrier system that is assembled at the point of use to form the health care product. In such cases,
the specified endotoxin limit applies to the assembled product and not for each subcomponent (see

Table A.3)
necessary

When testing the subcomponents oI a set, combining the extracts 1S acceptable 11

guidance on combining extracts and A.7.3.2.5 for further guidance on various extraction strategies

In the case

recommen

A.5.2.7.2

A kit is de

variety of

have its oy

necessary,

tested toge
limit. Refel

on various

When cons
on the risk
a single en

This is bec

other parts

ed to investigate the source of contamination among the subcomponents,
Kits

fined as a collection of individual health care products in itssterile barrier system,
procedure-related health care products. Each individual typé)of health care product

extraction strategies.

of the body.

Table A.3 — Selection of product units for testing

Fatio of extraction fluid per assembled product is maintained. Refer to A.7.3.2.4 forcfust

vn product endotoxin limits and should be tested and evaldated on an individual basi
to support individual claims (see Table A.3). Alternately,all health care products cary
rther if the collective results support the claim for the product with the lowest endotgxin
to A.7.3.2.4 for further guidance on combining extracts and A.7.3.2.5 for further guidd

idering if a single endotoxin limit should be applied to a kit, the decision should also be b3
to the patient. For example, per some regulatory requirements, it can be necessary to
dotoxin limit for all components in an pphthalmic kit that would have intraocular cont
huse the interior of the eye is generally more sensitive to bacterial endotoxin compared V

the
her

of a non-conforming result from a combined sample, additional individual testing would be

DI a
can
s, if

be

nce

sed

set
act.
vith

Product

Packaging Item for testing Basis for non-pyro- Rationale

genic claim

produ

One hd

Individual health
care product or appli-
cable patient contact
portion

One sterileybarri-
er system

alth care
t

The health care prod-
uct and its use uct is used in clinica

practice as a unit

The health care prog

b)
assem
health
produ

Set: Cd

The assembled health
care product and its
use

One or more
sterile barrier
systems

mponents
bled into
caré
t@t,the

All components or
applicable patient
contact portion

to assemble the heal
care product before
use in clinical practi

Components combin

ed
th
ts
Ce

point ofuse

Number of
identical health
care products?

One sterile barri-
er system

Individual health
care product or appli-
cable patient contact
portion

One health care prod-
uct within the sterile
barrier system

Each health care
product can be used in-
dependently in clinical
practice

a

Manufacturers can choose to test the procedure-related health care products together to provide a single collective
non-pyrogenic claim, however this is not required. Manufacturers that combine procedure-related health care products
can support non-pyrogenicity by using supplier certification or by performing testing.
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Table A.3 (continued)

Product Packaging Item for testing Basis for non-pyro-

genic claim

Rationale

d)

The health care prod-
uct and its use

Kit: Procedure-
related health
care products?

Within a single
sterile barrier
system

Each type of health
care product or appli-
cable patient contact
portion

Each type of

care product can be
used independently in
a procedure and can
have different product
endotoxin limits

health

Kit: Procedure- |Health care Each type of health |The health care prod- |Each type of

health

related health uct and its use

care products?

products each in
a sterile barrier
that are com-
bined in second-
ary packaging

care product or appli-
cable patient contact
portion

care product
in clinical prj
mightyhave d
product end
limits

isused
hetice and
ifferent
toxin

non
can

Manufacturers can choose to test the procedure-related health care products togetherto-provide a sing
-pyrogenic claim, however this is not required. Manufacturers that combine procedure:related health c
support non-pyrogenicity by using supplier certification or by performing testing.

le collective
re products

A.6

A.6

A.6

a)

The
inte
qu
vol
LAI
renm

Methods for BET

.1 General

1.1 The three commonly accepted BET techniques<are as follows:
Gel-clot techniques: limit test and assay methods

gel clot methods are simple in terms of techtiical expertise required to perform the assg
rpretation/analysis. Investment in the.gel clot equipment is minimal, requiring only
ified and maintained water bath or“heating block and accessories. In the gel-clot
mes of test sample diluted to the-concentration established during method suitability {
reagent are mixed in a glass redction tube. After incubation, individual reaction tubes at
oved from the incubating device and slowly inverted 180°. A firm gel that maintains if

up

test]. The detection limit is normally between 0,03 EU/ml and 0,25 EU/ml of solution used

de
bel

(gel
b)

Thd
end

n inversion is scored as afpositive test. Anything other than a firm gel is scored as

nding on the LAL reagerit used. A solid gel clot will not be formed if the endotoxin concg
w the detection limit-These results are generally considered qualitative, i.e. pass (no gel
clot).

Chromogenic photometric technique: end point method

end point/methods for the chromogenic techniques are based on the linear relationsh

ag

iven ‘wavelength, which is assessed over a relatively short range of standard dilutions.
cur]|' | hy nlottine i cal densities of os of end : jard

otoxin.concentration and formation of a colour (chromogenic) measured by optical den:

y and data
a properly
test, equal
esting and
e carefully
s integrity
a negative
in the test,
ntration is
clot) or fail

p between
ity (OD) at
A standard

repared in

WBET as a function of the endotoxin concentration. Using linear regression analysis, the resulting “best
fit” standard curve covers an endotoxin range of approximately 1 log, usually 1,0 EU/ml to 0,1 EU/
ml or 0,1 EU/ml to 0,01 EU/ml. The correlation coefficient |r| is a statistical measure of the scatter
of the observed points relative to the calculated regression line. Linearity is typically defined as a
correlation coefficient of an absolute value of > 0,980. The endotoxin level in an unknown is calculated
by measuring the OD of the sample and interpolating the endotoxin concentration from the standard
curve. Chromogenic end point methods are generally performed in multiwell plates and require a
heating block, a qualified microplate reader, and software with a statistical package (linear regression
analysis) for the construction of standard curves and analysis of samples. These methods are dependent
on good analyst technique. Knowledge of basic statistics is helpful when analysing and interpreting
data.
0)

Chromogenic and turbidimetric photometric techniques: kinetic methods
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The kinetic methods for the chromogenic and turbidimetric techniques measure the amount of time it
takes for a series of standards to reach a pre-determined optical density, sometimes called the onset OD
or reaction OD. A standard curve is constructed by plotting the log of the onset or reaction time (i.e. the
time it takes for each standard or sample to reach the onset OD) as a function of the log of the endotoxin
concentration. This log/log treatment of the data results in a linear standard curve. The range of the
curve for a kinetic assay is up to four logs as compared to the one log curve generated in the end point
method. Unless approved alternate regression analyses are used, the resulting standard curve is
constructed using linear regression analysis across the observed points. A correlation coefficient of
[r] = 0,980 is typically the minimum linearity requirement for a kinetic method. As with the end point
methods, the endotoxm content of the unknown is calculated by 1nterpolat10n from the standard curve
using the lgg ; : ; :
plates, glaps tubes, or other validated technology Elther method requlres qualified equlpmen to
incubate, al spectrophotometer to read the results, and software with a statistical package (régrésgion
analysis) fpr the construction of standard curves and analysis of samples. The use of a-spreadsheet

or databas
and longit
laboratory
when analy

A6.1.2 N

A.6.2 Co

A.6.2.1 P
sample ext]
An exampl

software package in conjunction with these methods greatly aids in the instant anal
dinal trending of data. As with the end point method, the demonstration of good, consis
technique on the part of the analyst is important. Knowledge of basicistatistics is hel
rsing and interpreting data.

o guidance offered.
hsideration of an applicable endotoxin limit

roduct endotoxin limits are subject to interpretation,‘depending on the configuration of
raction: pooled or single unit testing. Regulatory requirements to endotoxin limits can af
e of a specific country endotoxin limit for medical’devices is defined by USP <161> [20];

The endotoxin limit for the finished device is NMT20 USP EU per device and NMT 2,15 USP EU

device

For device;
apply. [12]

Generally,
extracting
solutions f
using the f

Alternativyg
process s
that acce
unaccepta

A.6.2.2 V

for devices in contact with cerebrospinalfluid.

that directly or indirectly contact the intraocular environment, a lower endotoxin limit

BET guidelines allow for samples to be pooled for testing. This is accomplished by eit
all of the sample units together in a common extract solution or combining all or part of
fom individual unit extractions. The endotoxin limit expressed per ml of extract (calculz
brmula in Table A.4) does not change when test articles are pooled.

endotoxin limits;can be considered for in-process sampling. The endotoxin limits foy
pling should b€ established based on an assessment of risk, keeping in mind the

;{:ble levels 6f 'endotoxins on individual types of components can collectively still resu

le endotoxin levels on the end product.

/orked example of calculating the endotoxin limit for the product extract solution is give

/Sis
fent
bful

the
ply.

per

can

her
the
ted

in-
risk
t in

Table A.4.

Table A.4 — Calculation of endotoxin limit of extract solution (within a sterile barrier system)

Term Value Comment

Step 1

K 20 EU Amount of endotoxin allowed per device

(product endotoxin limit)

N 10 Number of device samples tested

%4 400 Total rinse/soaking solution in the pooling of samples (ml)
Step 2
28 © IS0 2023 - All rights reserved
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Table A.4 (continued)

Term Value Comment

Endotoxin limit of extract solution | 0,5 EU/ml Calculate endotoxin limit using Formula (A
in terms of EU/ml
/ (K)(N)

Endotoxin limit of extract solution = T

(20 EU)(10)
400 ml

Endotoxin limit of extract solution =

where

1)

=0,5EU/ml.

Kistheamoumntof enmdotoxim attowed per device (en
limit);
N is the number of devices tested;

Vis the total volume of the extract or rinse.fml) that
adjusted for the size and configuration of the devicej

Hotoxin

can be

A.6

A.6
solu
give

A.6

am
lim
ext
pro
lim
aly
wit

VolImes of WBET to adequately fill or immerse during the extraction process, there is a

2.3 Maximum valid dilution (MVD)

2.3.1 With devices that require an extraction, the sample canbe diluted by diluting

Fhe extract

tion or by increasing the extraction volume used. Worked{examples for calculating the MVD are

n in Table A.5 and Table A.6.

2.3.2 From a practical perspective, since product-sizes vary and some devices require large

unt of extract volume allowed in order to not'dilute potential endotoxins beyond the
t. Determining the initial maximum extraction volume can be helpful, especially w
racts are not expected to be inhibitory or“require further dilution beyond the initial
ress. The maximum extraction volume €an easily be calculated by dividing the product
t by the sensitivity of the BET assay~For example, devices with a 20 EU per device limit, {
Kate sensitivity (A) of 0,01 EU/m],:carinot be filled/immersed with greater than 2 000 ml|
hout exceeding the MVD.

Table A.5 — Working e€xample of the maximum valid dilution (MVD) of extract so

maximum
endotoxin
hen device
extraction
endotoxin
ested with
per device

ution

Term Value Comment

Ste|

p1

End
pro

sollition

otoxin limit of 0,5 EU/ml Maximum allowable level of endotoxin specified for a pj
duct extract

oduct

Lar

hbda (A) 0,01 EU/ml The confirmed label sensitivity of the LAL reagent or the loy
toxin concentration used to construct the referenced stand|
(chromogenic and turbidimetric)

vest endo-
hrd curve

Step 2

MV

D 50 Calculate the MVD using Formula (2)

(Maximum valid (Endotoxin Limit of extract solution)
dilution) MVD = )

(0,5EU /ml)
VD=———~
0,01 EU /ml

where MVD is 50.

MVD of 50 means that a 1:50 dilution can be used.

The value of the MVD indicates the dilution that can be used to over-
come inhibition, based on the sensitivity of the LAL. For example, an

©IS
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Table A.6 — Working example of maximum valid dilution (MVD) using extraction volume

Term Value Comment
Step 1
Product endotoxin limit 20,0 EU/device Maximum allowable level of endotoxin specified for a
product
Lambda (A) 0,01 EU/ml The confirmed label sensitivity of the LAL reagent or the
lowest endotoxin concentration used to construct the ref-
erenced standard curve (chromogenic and turbidimetric)
Step 2
MVD by determining the 2 000 ml/device Calculate the MVD in terms for total extraction volunie
Maximum Extraction Vol- using Formula (3)
ume (Endotoxin Limit)
MVD =
A
_ (20EU / device)
~ 0,01EU/mL
where MVD in terms of maximum/extraction
volume = 2 000 ml per device.
A.6.2.3.3 |No guidance offered.
A.6.3 Critical test parameters

A.6.3.1 Temperature

No guidand

A.6.3.2 T

No guidand

A.63.3 pH

While all L

measurem
reagent an

Measurem
conserve ly

A6.4 Eq

e offered.

1me

e offered.

AL reagents efficiently detect endotoxin, individual formulations are proprietary and di
in bufferinlg capacity and divalént-cation levels. Because of the buffering provided in the reagent
ents should be taken using an appropriate pH test system on a mixture of the same

1 test solution ratio as that used in the assay.

rsate.

nipment and materials

bnts for pH.€an be taken on the sample/lysate mixture after completion of the assay

ffer

LAL

, to

A.6.4.1 No guidance offered.

A.6.4.2 No guidance offered.

A.6.4.3 Generally, multiwell plates used in the performance of quantitative assays are not
manufactured solely for the purpose of endotoxin testing, and they can contain random endotoxin
contamination among the wells (“hot wells”). Therefore, sufficient sampling should be performed to
demonstrate that the plates are appropriate for use. In practice, “hot wells” tend to occur at very low

30

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=787e788b292bf4dbbf100b5339b4e2ec

IS0 11737-3:2023(E)

levels of endotoxin (i.e. blanks, samples wells where endotoxin contamination is at or close to the limit
of detection).

Depending on the product being tested, there can be situations even when certified non-pyrogenic
materials would need to be free of detectable endotoxins.

A.6.4.4 No guidance offered.

A.6.4.5 No guidance offered.

A.6.5 Reagents

A.6{5.1 No guidance offered.

S

A.6[5.2 Typically, suitable CSE should have a potency range between 2 EU/ng‘@nd 50 EU/n{

-

A certificate of analysis of the standardization of CSE against RSE should\be obtained frqm the CSE
supplier.

A.6[5.3 Concentrated CSE preparations provided by LAL reagent manufacturers should be stored
accoprding to the product instructions. However, storing endotoxin dilutions prepared in WBET should
have a validation supporting the length of time and temperature of storage, the containg¢r used for
storrage and the minimum volumes of the dilutions to be stored.

A.7 Method suitability for BET (BET validation)

A.7.1 General

Three batches of product have been historically (or commonly) used for method suitabilfjty testing.
When it is determined that more than gne batch should be tested, this number is generally fonsidered
to be acceptable when BET history is not available for a new product.

A.7.2 Product and test method suitability

A.712.1 Gel-clot technique

No guidance offered.
A.7{12.2 Kinetieand end point methods (chromogenic and turbidimetric techniques)

A.7{2.2.1~No guidance offered.

A.7.2.2.2Z7No guidance olfered.

A.7.2.2.3 Caution should be given to performing initial suitability testing simultaneously with routine
testing as efforts can be required to further mitigate inhibition or enhancement.

A.7.3 Sample preparation
A.7.3.1 General
A.7.3.1.1 Ifsample extracts are either not immediately tested or are retained for re-analysis, or both,

the sample extracts should be refrigerated and tested as soon as possible or frozen to prevent microbial
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growth over longer storage time. [27] Suitable storage conditions should be evaluated to ensure

endotoxin s

tability.

Extracts have been shown to be stable when stored in inert containers at refrigerated temperatures for
up to 24 h (refer to 1ISO 10993-12:2021, 10.3.7). Other time durations can be qualified.

A.7.3.1.2 No guidance offered.

A.7.3.2 Solid health care products

A.7.3.2.1 |Pooling can be used to reduce test efforts in established situations. Individual proﬂuct
testing car] be used to measure individual unit endotoxin levels or to evaluate unit-to-unit variability,
which could be applicable after setup or modification of a production or OSL situation.

When samples are pooled there is less visibility to the individual endotoxin results.

A.7.3.2.2 |Depending on the product being tested, there can be situations where.the instrumentg for
cutting or ¢lisassembly would need to be free of detectable endotoxins.

A.7.3.2.3 |Vertical standards/guidance documents (e.g. recommendations,for ophthalmic devices [13])
recommenf extraction be performed at 37 °C to 40 °C with agitation{for a minimum of 60 min (¢nly
if necessarjy) or that the extraction medium is pre-warmed to 37 x~L\2C, then extraction is perfor}led
at 37 + 1 9C for not less than 1 h.[16] Applicable international standards/guidance documents can be
considered when determining the extraction conditions.

A.7.3.2.4 |The aliquot should be mixed prior to analysis to-éensure homogeneity.

If combining eluates from separate extractions into\a‘single pooled sample, each aliquot should

be mixed 1

rior to pooling. Once all eluates from separate extractions are combined the pooled alig

should be mixed to ensure homogeneity of the prepared (pooled) sample.

A.7.3.2.5

appropriat
the specifi
large prodi

use of
with 3
chrom

use of
using 4

multip

e extraction and test methodito‘ensure that the limit of detection of the test does not exd
bd endotoxin limit for the product or kit. Examples of common strategies used for tes
Icts or Kits can include:

h more sensitive lysate and test method (e.g. the kinetic chromogenic method using a ly

pgenic methodiusing a lysate with a sensitivity level of 0,005 EU/ml);

a differefnityconfiguration of extraction container to allow the product to be fully immer
lowersvolume of extraction fluid;

[e-use of the same extraction fluid (e.g. extract half of the components for the specified t

hlso
uot

When testing a large product ‘er Kkit, it is particularly important to determine the most

eed
[ing

bate

sensitivity levélof 0,001 EU/ml instead of the kinetic turbidimetric method or kinfetic

sed

ime

and te

the specified time and temperature);

over the entire device (in lieu of complete immersion);

NOTE 1

testing and applying discrete endotoxin limits to each component within a Kit;

Whether or not discrete endotoxin limits can be applied to each component within a kit

4+ +la 1o i 4 £l & i £l +] i) 1€ €21 i f
lllJCl dlUl'T, LIITIT UST LT S5dITIT TALI AULLIUIT TTUIU TU TALULI AU U LIIT ULIITT 11d11 Ul LIIT LUllllJUllCll\._ Or

use of continuous agitation during the extraction process to provide continuous rinsing/extraction

will

depend on the results of a risk assessment. Refer to risk considerations in Annex E and Table A.3 to determine
whether the risk assessment demonstrates an acceptable level of risk based on the intended use of the Kkit.

catego

32

ries that would require evaluation of bacterial endotoxins.

extracting only the components or portions of a component falling under the patient contact
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NOTE 2  Extracting less than the entire product or less than the entire contents of a kit can affect how non-
pyrogenic labelling can be applied (A.5.1.5 and A.5.1.6).

When assessing options for testing a Kit, the assessment should take into account the manufacturing
processes for each kit component as well as related endotoxin controls. For example, an injection
moulded component that has limited or no additional contact with water or other sources of endotoxin
might present less risk to the process than a machined component that is subsequently cleaned in an
ultrasonic water bath, where water is not controlled for endotoxin. In this scenario it can be beneficial
to demonstrate method suitability for the extraction procedure based upon data from each component
extracted in isolation as well as pooled.

In circumstances where the above measures are not successful and results in the MVD being exceeded,
conpider adjusting the endotoxin limit based on a risk analysis.

A.713.3 Aqueous health care products
A.7{3.3.1 No guidance offered.

A.7{3.3.2 Powders, pastes, and gels should be dissolved, reconstituted, thoroughly saturated or
extracted as necessary. Healthcare products that are used to form a pliable mass (e.g. powders, pastes
and) gels) should not be extracted by rinsing only the exterior of the mass, because this migh{ not access
all endotoxin within the product. In development of the test-miethod it should be deterniined if the
profuct can be broken down or treated in a way to maximize surface area to the extraction|liquid that
is r¢presentative of intended product use.

A.713.3.3 No guidance offered.

A.7{3.4 Sample interference

Trepatment of a sample to eliminate or reduce interference can involve, e.g. dilution with WBET or
suitlable buffer, addition of reagents, or-heat denaturing. See examples in NOTE 1 and NOTE 2 of this
subflause. Any sample manipulation, s with the exception of dilution with a qualified diluept (such as
WBET), should be evaluated to demonstrate that the method does not remove, denature, or|inhibit the
detgction of endotoxin.

Treptment of the sample (with LAL reagent from different manufacturers, different LAL reagent
senpitivities, and different)BET techniques are options that can be used for eliminating interference.

Optimum LAL-Endotoxin reactivity requires neutral pH, availability of divalent cations and 4 dispersed
endptoxin. For example, if invalid results are obtained, the pH of the sample should be checKed to see if
the|pH of the miXture of the LAL reagent and sample solution falls within the pH range specified by the
LAIL reagent. manufacturer, usually pH 6,0 to 8,0. If necessary, the pH can be neutralized bl use of an
acid, base, or suitable buffer (tris hydroxymethane [TRIS] buffer) as recommended by the LIAL reagent
manufacturer. Non-buffered LAL reagents can be rehydrated with a suitable buffer as prescrijbed by the
LAl réagent manufacturer. Any buffers, acid, or base used should be shown to contain endotoxin levels
below that which could affect the validity of the test and interfering factors.

Dilution of the sample in a cation buffer (MgS0O, or MgCl,) can be used to adjust the ionic concentration.

NOTE1 Examples of substances that can cause ionic interference are metal ions such as iron (e.g. caused by
corrosion), copper, nickel, or sodium or product coatings such as heparin.

If these options do not work and the MVD is exceeded, it can be possible to overcome this by
concentrating the sample extract using ultrafiltration. Alternately, consider adjusting the endotoxin
limit based on a risk analysis.

Samples exhibiting enhancement should be examined for LAL reactive material (LAL-RM). For example,
samples that can have LAL-RM should be tested with and without an endotoxin-specific buffer solution
to determine if the LAL-RM is affecting the test. In some cases when there is enhancement due to LAL-
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RM, the PPC results can be in the acceptable range. Evidence of glucan interference can be obtained by
comparing the results of an assay performed using separate aliquots of the same extract that are tested
with and without an endotoxin-specific buffer solution.

NOTE 2  Some possible sources of LAL-RM are yeast and mould cell walls and cellulosic materials containing
B-D-glucans. Serine protease can also mimic endotoxin, which can be overcome by denaturing the enzymes
prior to the LAL assay with a heat treatment. Glucan-blocking reagents validated to be suitable can be used to
overcome glucan interference.

Product or processing residuals can have an influence on interfering factors.

Diluents can-alse-eatseinterference{e-s—saltselutions-ean—eheit-aninhibitoryresponse—Whenuging
diluents other than WBET, method suitability with the product being tested should be demonstrated.
A.7.4 Repgent and analyst qualification
A.7.4.1 (Qel-clot technique qualification
Table A.7 — Calculation of geometric mean - Worked example
Term Value Comiment
Step 1
Ye -3 Sum of thelog end point of each series
Series 1 endpoint = 0,125 1log 0,125 =-0,903 1
Series 2,end point = 0,25 log 0,25 =-0,602 1
Series 3 end point = 0,25 log 0,25 =-0,602 1
Series 4 end point = 0,125 1og 0,125 =-0,903 1
(0,903 1) + (-0,602 1) + (-0,602 1) + (-0,903 1)
=-3,010
f 4 Number of replicate dilution series
Step 2
Geometric mean 0,177 EU/ml Calculate geometric mean using Formula (4)
Geometric mean = Antilog &
where
e = the log;, of each end point;
f=the total number of replicate end points.
Geometric mean = Antilog 3,010 =0,176 7
Step 3
Lambda () 0,125 EU/ml Confirmation of labelled lysate sensitivity (A)
(LAL reagent labelled sensi- Geometric mean endotoxin concentration = 0,177 EU/ml
tivity) Labelled lysate sensitivity (A) = 0,125 EU/ml
The labelled sensitivity (A) was confirmed because the
geometric mean was within 0,5-2A (0,06 EU/ml to 0,25 EU/
ml)

A.7.4.2 Kinetic and end point method qualification

No guidance offered.
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4.3 Analyst qualification

Continued competency of the analyst should be demonstrated to ensure that a qualified analyst
maintains the appropriate skills and training to perform the assay, subsequent to the initial analyst

qua

lification. Competency can be demonstrated by:
demonstration of consistent acceptable performance of the assay (trending);
proficiency testing;

analyst requalification; and/or

A.8

A.8

The
hoo
suc
bas
tho

NOTI

sample are of high importance.

A.8
No

A.8
No

A.8
No

A.8

The
pro
affe
crif]

non-conformance trending/analysis.

Routine testing, monitoring and interpretation of data

.1 Routine testing

BET need not be performed in a controlled environment (e.g. certified cleanroom, HHPA-filtered

d or biological safety cabinet) unless required by product related-satety concerns for t
h as testing human blood products. However, it is important that'analysts understand
c aseptic techniques to prevent contamination of the samples Documented training of all
se tasks for which they have responsibility is essential.

E For storage and re-test of the extract, aseptic technique and prevention of contamin

1.1 Gel-clot limit test

puidance offered.

1.2 Gel-clot assay

puidance offered.

1.3 Kinetic and end point methods (chromogenic and turbidimetric)

puidance offered.

.2 Monitoring(test frequency)

he analyst,
and follow
analysts in

htion of the

frequency\selected for testing should be adequate to ensure that endotoxin levels for afll products

Huced niegt specified levels. Decisions regarding frequency of end-product testing c
cted bythe degree of control over the process and materials, and by procedures for testi
ical incoming raw materials or in-process monitoring, or both.

an also be
hg of either

A.8

.3 Interpretation of results

A.8.3.1 General

A.8

.3.1.1 This subclause provides guidance on coefficient of variation (CV%).

An acceptable maximum CV% for replicates of standards, samples, and spiked samples should be
established. If available, consideration should be given to CV% recommendations provided by the lysate
manufacturer.

Consideration should be given to individual replicate values when the negative control indicates a
reaction and the mean result is less than the mean of the lowest standard in the control series. An
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acceptable maximum CV% between the replicates should be established or a rationale should be
provided specifying when observed negative control variation is acceptable.

A.8.3.1.2

No guidance offered.

A.8.3.2 Gel clot methods

No guidance offered.

A.8.3.3 Kinetic and end point methods

Acceptancg is typically based on the mean result of the replicates with quantitative chromogenie and
turbidimetfric methods. However, when items are tested individually to obtain the mean of the’sample
results, comsideration should be given to individual sample values that exceed the endotoxin limit gven
though thd mean of the sample results is below the product endotoxin limit. An acceptable maxirIum
sample CV% between the samples should be established or a rationale should be provided when product
is releasedfon the mean result in these circumstances and variation is observed and'deemed acceptdble.
A.8.4 Dalta analysis

When the §ample is tested at the MVD or by a limit test, trending is not applicable.

When results are consistently below the detection limit, it is possiblethat trending will not be applicgble.
A.8.5 Statistical method

Statistical methods can be used to define sample size, sampling frequency and/or endotoxin levels pnd
can be basg¢d on risk analysis.

A.9 Maiptenance of the BET method

A.9.1 Geperal

No guidange offered.

A.9.2 Chpnges to either the product or manufacturing process, or both

A.9.2.1 No guidance offered:

A9.2.2 Fpr productichanges, evaluations should be performed to confirm that the manufactufing
process is|capableof producing product meeting the established limits following the change. [The
number of samples/batches tested should be justified.

A-9-2-3 P U suidauuc UffCl Cd.

A.9.3 Changes to the BET method

No guidance offered.

A.10 Alternatives to batch testing

A.10.1 Ge

neral

Alternatives to batch testing require risk assessment (see Clause 10 and Annex E) and corresponding
data demonstrating that the manufacturing process is capable of producing product that consistently
meets specified endotoxin limits. Such data typically includes, e.g. testing of a specified number of
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batches, testing over a specified period of time, testing representative master products, raw materials/
component, in-process testing, or verification of manufacturing operational controls, particularly water
processes. See Figure A.1 for key questions related to the risk and appropriateness of alternatives to
batch testing.

Areview of historical product test data is a key component to determining if a product is an appropriate
candidate for alternatives to batch testing.

Cases where alternatives to batch testing can be considered include:

a) products with a successful history of end-product endotoxin control;

b) |products with lower endotoxin contamination risk due to no exposure to water that higs not been
qualified to control endotoxin levels;

c) |products that undergo a manufacturing process that has been validated, toodepyrogenate the
device;

d) |products that, based on their intended patient contact, have an expected minor or negligible risk of
a pyrogenic reaction (see Annex E).
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START

Alternatives to batch testing No Do regulations allow alternatives to
are not allowed batch testing for this product?

Yes

1

Does the product and/or processes have adequate
history of acceptable batch release testing or
Obtain mare history No residual risk (e.g, number of batches, raw materials

capture seasonal variation, no water used in
processing, process control)?

Yis
Identify and resolve he hi d
reason for not y Does t e history d emonstrate
consistently obtaining ° con51stenlc)}l/ 0 meletlvng
acceptable results. accepta Ie results:
L
|
Yes

Identify, design, validate, and
monitor to assure endotoxin
control of: |«—No—
1) raw materials
2) manufacturing processes
|

Have key process steps'control points been
defined, and, if appropriate, are monitored?

Yes

AHow alternatives to batch testing
(e.g. reduced number samples,
reduced frequency of testing,
product groupings, testing of raw materials)

:

Periodically review and evaluate to
assure criteria for alternative to batch
testing is maintained

Figure A.1 — Key quéstions in evaluating the appropriateness and risk associated with
alternatives to endotoxin batch testing

A.10.2 Criteria for establishing alternatives to batch testing

A.10.2.1 I{should be recognized that using alternatives to batch testing can resultin a reduced ab

lity

to detect an inadvertent change within the manufacturing process. This can result in an undetected out
of specified endotoxin level on a product. Before proceeding with using an alternative to batch-testing
sampling plan, the risk associated with a reduction in ability to detect inadvertent changes should be

evaluated.
A.10.2.2 No guidance offered.
A.10.2.3 No guidance offered.

A.10.2.4 No guidance offered.
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A.10.3 Manufacturing process assessment

A.10.3.1 Quality planning of manufacturing processes

A comprehensive review and assessment of the accumulated historical production, testing, control, and
other information for a product already in production and distribution can be used to satisfy some of
the elements of process validation, and/or evaluate the existing controls that would be included in the
risk assessment of the alternative to batch testing.

A Comprehenswe process risk assessment of the manufacturlng operatlon should be conducted to
1de' Jrocess—stepsorcontrol pointsfotc c—mode—c S+ ,a1y51sand
ny process
1de but are

for which a change would likely affect the endotoxm level on the product These camincl
not(limited to the following:

a) |raw materials;

b) |manufacturing process aids that do not become part of the final healthcare product (e.g. moulding
aids);

c) |extrusion operations;

d) [aqueous steps in production;

e) |drying or curing processes;

f) |in-process aqueous leaching or soaking;
g) |product/component handling;

h) |manual versus automated assembly;

i) |product or material storage.

NOTE Product or material storage s especially important for material that supports microbial growth prior
to sterilization.

For|validation of alternativegto-batch testing, the product selected should be the worst-cdse product
(i.ef largest amount of poténtial endotoxins, as well as potentially the greatest source of inhibition/
enhfancement). This can(be-a product with the largest surface area that contacts the patiept (directly
or indirectly), or a préduct with the largest amount of potential endotoxins based on raw] materials,
aqueous manufacturing steps, and/or handling operations that are most likely to contrilpute to the
pregence of endptoxins.

Validation of a'manufacturing operation for the control of endotoxin should include the Jteps listed
belgw.

— | Establish that the manufacturing operation has the capability of producing non-pyrogenic product
thu OUpCcl dLUd Wil,hill prLifiEd pdaldIlIcicrs.

— Demonstrate that the key process elements identified during the process risk assessment are in
control.

— Demonstrate that the equipment and instrumentation are capable of controlling, monitoring,
and/or measuring endotoxin within the parameters prescribed for the manufacturing operation
equipment.

— Perform testing on replicated manufacturing batches representing the specified operational
range of the equipment to demonstrate that the product consistently meets requirements for non-
pyrogenicity.

— Document the revalidation or requalification criteria and frequency.
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A.10.3.2 Process design

The manufacturing operation should be designed to minimize the level of endotoxin on the product.

Considerat

a)

ions in the manufacturing operation design should include the following:

contamination and potential endotoxin contamination activities/risks);

b)

on products (e.g. natural materials, or materials that support microbial growth);

‘)
d)
e)

Critical fac

demorn

“Wet"
manuf

dry m{
which

Health caj
containing|
requireme

Dry produd
present th
process.

Water is t
processes.
and storag
tissue orig

A.10.3.3 Process control

Depending]
and on-goi
deemed as
with alterr
risk, monit

A.10.3.3.1

contropofaqueousprocessing sotutionsthatdirectly contactprodoet—————————————

controfling processes that can contribute to the level of endotoxin on products (e.g. handling).

stration of the adequacy of drying, if aqueous processes are employed;

tors for evaluating can include, but are not limited to:

manufacturing steps, in which water or other aqueous material is utilized as part of
hcturing process (e.g. rinsing, soaking);

inufacturing (e.g. heat extruded plastics) or assembly of materials (i.e. kit assembly lines
the entire process is possible without exposure to water or éther aqueous processing.

e products that contain pharmaceuticals (e.g. nebulizer bottles, blood collection &
anti-coagulants) should be tested and evaluated according to pharmaceutical /drug samp
hts.

[

ts thatare produced under high temperatures or'in controlled environments do not norm
e same risk of endotoxin contamination as a’;wet” process in which water is present in

he most significant and prevalentsource of endotoxin contamination in manufactu
Control of any water source used intwanufacturing, and cleanliness of all surfaces, equipm|

n consider controls to prevent and/or control the growth of microorganisms.

on the risks associated with the various manufacturing operations, validation, verificat
hg monitoring programs shall be defined as deemed appropriate. For example, for a pro
having a lowyéndotoxin contamination risk, monitoring process inputs and/or end pro
atives to batch testing can be acceptable. For a process deemed as having a high endot
oring beth/process inputs and end product on a batch basis can be required.

!

Manufacturing operation control for endotoxins can include:

selection of appropriate materials and suppliers (including understanding the sources of endotoxin

minimizing and controlling materials and components that can contribute to the level of endotoxin

the

,in

ags

ing

ally
the

ing

ent,
e are necessary. In addition, for components of microbial (e.g. fermentation), plant, or animal

ion,
[ess

uct
Xin

supplier quality assurance and/or endotoxin testing of incoming materials, components, or

subassemblies (e.g. vendor endotoxin certification or specification requirements for no water

t);

monitoring and control of process water or other aqueous processing solutions (e.g. control of

process water can be demonstrated by periodically monitoring chlorine residual levels, microbial
counts, water endotoxin levels, or component endotoxin levels);

s);

aqueous product contacting processing materials (e.g. UV light, proper filtration);

a)

contac
b)
0)

proces
d)
40

monitoring product in process at specified control points (e.g. time, temperature for drying

periodic maintenance and cleaning of equipment, especially those used to convey or contain
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e) microbial control of the environment and processing materials.

A.10.3.3.2 When an alternative to batch testing sampling plan is employed, the impact of an out
of specified limit result on untested batches or the end product should be evaluated according to
established non-conforming product procedures. The evaluation should consider risk to all product
that is represented by the sampling plan. As part of the investigation, previously released batches
associated with alternatives to batch testing should be considered and a risk assessment undertaken
on their suitability for use. The investigation and subsequent actions should be recorded.

A.10.4 Change control

Theg magnitude of the change is considered in determining the extent to which verification)|validation,
or rievalidation is undertaken.

A.1/0.5 Maintenance of risk assessment

No guidance offered.
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Annex B
(informative)

History and background on the bacterial endotoxins test (BET)

B.1 The rabbit pyrogen test was introduced just prior to World War II to prevent pyrogenic materials

from ente%ing the health care system.[*%] The Limulus amebocyte lysate (LAL) test was introduce

1971 as a potential replacement for the rabbit pyrogen test.[22][41] The parenteral drug industry@and
US Food amd Drug Administration (FDA) agreed on a guideline in 1987 to replace the rabhit\pyro

test with t

and econofny.[16] In 1993 the LAL test became the official pyrogen test for the majority of parent

products i
more than

abbreviatigns for the test, BET is considered the appropriate identifier

B.2 Itwa
control be
Biologics H
of its pote
reagents w
A collabor
the Health
nanograms
verified th
kg in rabbi

B.3 The guestion of non-endotoxin pyrogens.was a major concern for the pharmaceutical industr

he LAL endotoxin test, because the in vitro test had greater sensitivity, specificity; accur

h the United States. This action included a sweeping revision of the BET ahd adoptio
650 product endotoxin limits for USP articles.[21] Although BET and LAL are widely u

s essential to clarify issues of equivalency, safety, endotoxin tolerance limits, and regulaf
fore the new test could be accepted. The FDA’s Bureau of ,Biologics (now the Center]
valuation and Research) elected to regulate LAL reagents)as an in vitro biologic, bec3
ntial as a human diagnostic test and a replacement for'the rabbit pyrogen test.[22][51]
ere first marketed in 1977, but their use was restrictedto in-process testing of parente}
htive study involving medical device manufacturerstand an FDA laboratory, supported
Industry Manufacturers Association (HIMA) and sanctioned by the FDA, established
(ng)/ml as the product endotoxin limit for.device extracts.[33] This HIMA study furt
it the threshold pyrogenic dose of a Difco endotoxin (E. coli 055:B5) was approximately 1
ts when administered at a dose of 10 ml/Kg. [35]
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gen
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h of
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LAL
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by
0,1
her
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7. In

1979, alarge volume parenteral (LVP) producer reported on its policy for LAL testing in place of pyrdgen

testing.[43][The study described the results of 143 196 LAL tests and 28 410 rabbit tests performed on

intravenouls fluids and health care preducts. The data confirmed the following:

1) all pyrpgens in fluids and devices were endotoxins;

2) no ungxplained, false-negative LAL results occurred;

3) most gndotoxin pysogens detected by LAL were undetected by rabbits, because of LAL's greater
sensit:IVity;

4) the ralpbit pyrogen test often gave equivocal results that were reproducible in the LAL test.

The study [had an enormous impact. The FDA approved the LAL assay because of concern about|the

relative insensitivity and unreliability of the rabbit test.

B.4 Any inter-laboratory comparison of endotoxin data was hindered by the lack of a uniform
standard. This deficiency was corrected when the USP and FDA collaborated to produce a RSE from a
purified LPS derived from E. coli 0113.[4Z] The 1991 FDA Interim Guidance for Human and Veterinary
Drug Products and Biologicals,[18] a collaborative study by LAL producers and the Bureau of Biologics
established biological activity of the RSE in EU. Laboratories could now standardize methods and report
endotoxin content in a measure of biological activity. An international reference standard became
effective in 1996 to permit reference to a single global endotoxin standard. [43]

B.5 Because endotoxin is ubiquitous in nature, it was necessary to assign an allowable amount of
endotoxin for a health care product that represented a safe level. Product endotoxin limits firstappeared
in Annex E of FDA’s 1987 guideline for the LAL test.[16] This guideline specified product endotoxin
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limits based on the formula K/M, where K is the tolerance limit for endotoxin, 5,0 EU/kg unless the drug
is administered intrathecally then the limit is 0,2 EU/kg, and M is the adult dose per kilogram of body
weight in a one-hour period, where an average weight of 70 kg was assigned to humans.

For LVPs and device extracts, the rabbit pyrogen test dose of 10 ml/kg, which usually exceeds a
human dose, was used to calculate the product endotoxin limits. An LVP or device extract contained
no more than 0,5 EU/ml of endotoxin (5 EU/kg/10ml/kg = 0,5 EU/ml). Products designed for injection
or exposure to the intrathecal space were given a lower product endotoxin limit of 0,06 EU/ml. When
changing the intrathecal limit of 0,2 EU/kg to 0,06 EU/ml the endotoxin limit was arbitrarily set
considering the most sensitive LAL reagents available at the time from any BET manufacturer.

StuEies in humans have supported a dose of 5 EU/kg as being a suitable tolerance limit for|parenteral
drulgs and devices in contact with the circulatory system or lymphatic system.[37] Howeyef, exposure
to endotoxin in the intrathecal space of humans has not been evaluated. Endotoxin in‘the subarachnoid
spafe of dogs, rabbits, and cats is at least 1 000 times more pyrogenic than intrava$éular corjtact.[28]

B.6| Given that K is equal to 5,0 EU/kg for parenteral drugs and M is equal\to 70 kg, thel maximum
am¢unt of endotoxin that could be administered in a one-hour time petiod is 350 EU. Historically,
the|endotoxin limit for health care products that do not contact cerebrospinal fluid was bajsed upon a
redjiction of the typical 350 EU limit for pharmaceuticals. The limit was reduced to 200 EU|to account
for potential inefficiency in the extraction method. This limit was fuxther reduced to 20 EU based upon
a mpximum amount of endotoxin of 200 EU for the combined exttacts from 10 samples. The dssumption
being that in the worst-case, all of the endotoxin in the pooléd)extract could have come fr¢m a single
deviice.

B.7| Conveniently, when extracted with 40 ml per device the historical FDA endotoxin limif of 0,5 EU/
ml |s equivalent to the 20 EU/device limit established by USP. The same is not true for the 2,15 EU/
devjice USP limit established for devices that contact the central nervous system (intrathecal). First the
initjal endotoxin limit established of 0,2 EU/kgfor drugs administered by an intrathecal [route does
not|provide the same reduction to accountfor potential inefficiencies in the extraction mgthod. With
a d¢se of 0,2 EU/kg and a 70 kg weight the maximum dose would be 14 EU. In addition, the original
lim{t for health care products of 0,06:EU/ml listed in both the FDA LAL guidance document{from 1987
and| USP <161> does not convert to 2,15 EU/device.[24] When a 40 ml per device extraction |is used the
valye would be 2,4 EU/device. USP <161> later changed the requirement from 0,06 EU/ml to the more
stripgent limit of 2,15 EU/devieein the first supplement of USP 23 (1995). There is no documfentation in
USH regarding the rationalé for changing the limit from 2,4 EU/device to 2,15 EU/device. Although the
20 EU/device and the 25 EU/device limits have historically been thought of as having similar risks,
the|[risks when moving-to a reduced sampling plan or justifying an unconfirmed out of spgcification,
sholild be considered;The tolerance limit is unknown and the rationale behind the assigned|limit is not
as well documented

B.8| In contrast to pharmaceuticals, endotoxins are extracted or flushed from medical devices and
then thetvextract/effluent subsequently mixed with LAL reagent. Studies by FDA investigators have
denporstrated that extraction of endotoxin from splked dev1ce materials mlght not achieve complete

er'y: the @stablished
to account for any potentlal 1neff1c1ency in the extractlon method. If this assumption is apphed then
there is no requirement for performing efficiency testing for each medical device. However, as with
pharmaceutical solutions, the validity of the assay is demonstrated by use of a spiked endotoxin control.

B.9 In 2004, a task group within the Microbiological Methods working group of the American
Association of Medical Instrumentation (AAMI) Sterilization Committee was tasked with evaluating
the appropriateness of carrying out endotoxin recovery efficiency for the extraction of medical devices
for endotoxin testing. [24]

The first of four steps was to obtain historical information or data that was used to establish the
methodology. Step two was to review a body of knowledge for published recovery studies on medical
devices. Step three included a search of documents on regulatory actions related to poor recovery of
endotoxin that led to endotoxin detection problems with health care products. The fourth step was
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to request unpublished data from AAMI members who could contribute recovery experimentation to
further support this decision.

In summary, the Task Group found that endotoxin limits established by FDA and USP have an adequate
safety factor based on less than a 100 % recovery. Studies showed that: 1) recovery experiments
conducted with high levels of endotoxin do not represent the normal level of naturally occurring
endotoxin present on devices, 2) there is no new data that indicates current methods of extraction are
inadequate at the current limits for devices, 3) there is no historical evidence of patient injury related to
poor extraction methods and 4) current methods outlined in USP and FDA will ensure non-pyrogenicity
of health care products.

In conclusion, the Task Group decided that validation of extraction efficiency for endotoxin testing is

not recom
(AAMI ST-\
requireme

ended. These same conclusions were agreed upon by AAMI Sterilization Working Group 8
VG08, Microbiological Methods) during the most recent revision processes, and noadditignal
hts were added related to the need for validation of extraction efficiency. [2]

B.10 Failure mode and effects analysis (FMEA) is an assessment tool for risk analysis\when developing

alternativdg
to support
conduct an
potentially
risk of pots
for alterna

B.11 The
parenteral
When the
endotoxin
FDA releas
of concern
indicates t
in ANSI/A/

B.12 The
validated 4
shown to h
test (MAT)]
measured
pyrogenic
2010 (EP g
the MAT w|

Recombing
cascade. A

s to batch testing. A practical example of the FMEA approach to risk arialysis was publi

this concept.[32] This approach enables a medical device manufagturer to success
analysis of bacterial endotoxin risk for a medical device manufactufing process that canfuse
contaminated process water. FMEA is not a zero-risk system but's designed to minimize|the
ential hazards. An FMEA provides supporting documentatiofy toward developing a ratiopale
Five batch release testing.

briginal FDA guideline for the LAL test published in.1987[16] created endotoxin limitg for
products and described procedures for validatingtest conditions for end-product testing.
USP harmonized <85> BET, much of the information in the 1987 LAL Guideline, including
imits in Annex E, was no longer necessary. This historic guideline was retired in 2011. [The
ed a new guidance in 2012 in a question-and*answer format that addressed endotoxin isjues
that are not discussed elsewhere.[18] The FDA guidance recognizes ANSI/AAMI ST72 and
nat endotoxin limit and extraction procedures for medical devices are adequately described
LMI ST72 and USP chapters.

be
and
[ion
are
e of
)in
for

FDA Q&A LAL Guidancell8ltspecifies that non-compendial tests for pyrogens should
s described in the USP Geéngral Chapter <1225>, Validation of Compendial Procedures,
hve an advantage over compendial tests. This requirement applies to the monocyte activa
using whole blood(o¥ ‘peripheral monocytes, where endotoxin stimulated cytokines
hfter overnight incubation. The release of cytokines is assessed by ELISA as a measur
hctivity. A monegfaph for the MAT was introduced into the European Pharmacopoeia (ER
hapter 2.6.30),"which is not specific for health care products. A revised general chapter
ent into effeet July 2017, see Ph.Eur Supplement 9.2 (2.6.30). [11]

nt Factor C (rFC) assay contains synthesized rFC, but no other enzyme in the clot
tivatéd rFC acts on synthetic substrate reagent that incorporates a fluorogen. [12]

[ing

Peptidoglycan [PGJ 1s many orders of magnitude Iess pyrogenic than endotoxin. PG can be assayed with
the Silk Worm Larva Test (SLP). The reagent responds to PG and (3-glucan with the release of melanin.
The SLP test was used in an investigation of PG levels in peritoneal dialysis solutions. [42]

B.13 Our knowledge of endotoxins, particularly outer membrane vesicles (OMV) has expanded
in recent years. Endotoxins are fever causing agents that are also structural constituents of the
Gram-negative outer cell membrane (OM). The biologically active component of endotoxin is LPS,
an amphipathic molecule consisting of hydrophobic Lipid A, the toxic moiety of the molecule that
is embedded in the membrane, and a hydrophilic polysaccharide chain that is in contact with the
extracellular environment. In nature, LPS is not secreted from the cell as a purified molecule in the
same manner as an exotoxin, but rather LPS is released from a Gram-negative cell during its normal
growth cycle as an integral part OMV.[481(23] OMV are buds of the outer membrane that are pinched off
and float freely in the extracellular environment. They are hearty, but unable to replicate, because they
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do not contain DNA. It is OMVs that are contaminants in parenteral products and health care products.
As bacteria adapt to stresses in their environments, the chemical composition of the LPS in the OM can
change as well to maintain the integrity of the OM and ensure survival of the organism.[381[23]

Early in the history of the BET, the FDA recognized a need to calibrate the various LAL reagents that
were being manufactured to ensure consistency in sensitivity. The RSE, which is a Westphal (hot
phenol) extracted and formulated preparation of purified LPS, was created for the purposes of assigning
and calibrating LAL reagent sensitivity. Secondary standards called Control Standard Endotoxins (CSE)
that are provided in kits are currently purified and formulated LPS as well. Whereas these calibration

standards are used for creating standard curves and for preparing PPCs, they are not reflective of
actualendotoxin contamination because thev are not OMV.

B.14 Knowledge has also improved related to the interferences with the BET that{arisg from two

gengral sources. The first is a condition or agent that acts on the proteins in the LAL leasca
nonspecific interferences; examples include non-neutral pH, LAL-reactive glucans and sering
The second group of interferences act on the LPS in the RSE or CSE to changéythe aggreg
of the purified material causing it to be less reactive.[42] Fortunately, most LAL reagents aj
enogh to allow dilution of sample extracts to avoid most interference without exceeding th

B.1p The development and more widespread use of automated techniques and equipment
aregduction of variation and errors has occurred since the publication of ANSI/AAMI ST72. F
autpmated liquid handling system, the use of robots. Also, a cattridge-based kinetic chrom
test system contains a reagent-impregnated cartridge that eliminates the need for reagent g
and| creation of a standard curve. The platform measures absorbance and compares the obseé
with an archived standard curve. Weber reported that.the unit reduced sample handling]
devjiations and BET-related investigations. [52]

le to cause
proteases.
ation state
e sensitive
e MVD.

lowing for
r example,
pgenic LAL
reparation
rved value

test time,

B.16 The clotting enzymes in LAL reagent can®e activated by solutions that contain (1,3)-[-D-glucan,
a npn-pyrogenic polysaccharide found in_cellulose and yeast cell wall.[29 To avoid false-positive

toxin tests, the BET allows the use*of’ LAL reagents that contain a -D-glucan blocking agent.

These reagents enable a BET for produets that have been exposed to cellulosic products, dgpth filters,

yeapt fermentation and other sourgeswof LAL reactive materials. Glucans can be suspecte

if there is

an ©inexpectedly high endotoxin level, nonlinear reactions are observed when multiple dijutions are

testled, and an enhancement in<the positive controls of a kinetic BET.

B.1
are
test
Qug
OpH
Not

/ Several documents-have been published that are primarily used for endotoxins tes

ing,[20] and severalFDA documents: DHHS, Guidance for Industry: Pyrogen and Endotox
stions and adswers (2012),[141 Endotoxin Testing Recommendations for Single Use |
thalmic Devices (2015),[15] and Submission and Review of Sterility Information in
ification<(510(k)) Submissions for Devices Labelled as Sterile (2016).171 FDA also
ufacturing (quality systems)[9] regulations in its enforcement program to require t

fing. There

two USP chapters USP’<85> BET,[21] USP <161> Medical Device - Bacterial Endotoxin and Pyrogen

in Testing:
ntraocular
Premarket
uses good
he BET for

pharmacopoeial texts for use in the ICH regions on BET - general chapter (CHMP). The ICH H
Tripartite Guidelinel23] became effective in May 2013.

dation of
armonized

Several Pharmacopeia contain BET test chapters with similar requirements. For example, portions of
the USP <85> have been harmonized with the European Pharmacopeia and Japanese Pharmacopeia.
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Annex C
(informative)

Guidance on out of specified limits (OSL) and failure investigation

C1 Gew
A failure investigation into an out of specified limit (OSL) result can include the laboratery, faw

materials, ind/or the manufacturing process. See Figure C.1.
An OSL redult assumes that a valid BET has been performed.

It is recommended that all test samples/extracts be retained until data have, been reviewed fnd
assessed.

When altefnatives to batch testing are used and a batch exceeds the product endotoxin limit,|the
continued fise of alternatives to batch testing should be reassessed (refer tg*10.2.3).
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( OSL Result observed )

Perform laboratory
investigation

Are test
results invalid based
on laboratory
investigation?

The BET can be
repeated because
original test is
invalid. (C.2.2.1)

No

Retest the original extract.
Double the amount of replicates
used in the original test. C.2.3.2.

Original extract retest does
not confirm the presence of
No—{ endotoxin which.indicates
exogenous endotoxin
introdueed, during testing.

:

A successful retest
indicates extrinsic
contamination likely.

Are there levels
of endotoxin present in
the retest of the original
extract that confirm
the OSL result?

Yes

Manufacturer to initiate
an investigation. C.3.

Conduct a repeat test utilizing a minimum
of 2 times product samples to examine

No— the possibility that extrinsic

contamination occurred in the initial

sample extraction preparation. C.2.3.3.

Root Causg
foupnd?

Yes
Are the
OSL substantiated. res;lts of this
Either accept OSL or consider No product repeat

test within
specification?

alternative method(s). C.2.3.4.

Yes

A successful product repeat test coupled with
the absence of product related causes
indicates extrinsic contamination likely.

Figure C.1 — Flow chart

C.2 Laboratory investigation

C.2.1 Items to consider
Items to consider in the laboratory investigation include the following:

raw data review and verification of calculations;
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b) supplies and reagents used during testing (e.g. pipette tips, dilution tubes, multi-well plates, water,
lysate);

c) standard curve parameters (e.g. onset times of the control standards and samples, correlation
coefficient, y-intercept and slope criteria);

d) equipment performance (e.g. microplate readers, heat block, micro pipettors);

e) input of laboratory analyst to identify anomalies during testing process (e.g. evaluate contacted
packaging materials, tape);

f) properdentificationand-storage-ofthe-samples,reagentscontrolsandstandards:
g) initial pample method suitability testing review;

h) calibrdtion records of applicable equipment/tools (e.g. pipettors);

i) qualification of the test system;

j) trainirg records of analyst(s);

k) testing history of the product, including changes to the test procedure.

Laboratory quality management systems can already include these items as part of standard processes
prior to release of the laboratory result. In this case, it is possible that further laboratory investigafion
will not be[necessary.

C.2.2 Repults of laboratory investigation

C.2.2.1 If the laboratory investigation indicates that the test result is invalid for causes unrelatef to
the produdt endotoxin content, the initial test can be ¢onsidered invalid (i.e. a “no-test”) and the BET
can be repg¢ated (repeat test) using new product samples and the original sample size.

C.2.2.2 If the laboratory investigation fails-to identify a root cause for the OSL, then additignal
investigatipnal tests (e.g. extract retest) to verify the validity of the original result should be condu¢ted
to examing the possibility that extrinsié.contamination occurred during the initial BET (refer to C.2.3).
Extrinsic dontamination is contamigation arising from sources other than the product raw materjals,
processinglaids, processing of the product, or product packaging.

NOTE A successful productorextract retest by itself does not necessarily prove extrinsic contamination.

C.2.2.3 The retest oraepeat test results and conclusion of the laboratory OSL investigation should be
documentdd (see A.7.371 for storage conditions).

C.2.3 Additional investigational tests

C.2.3.1 Additiomatoptiomatinvestigatiomat tests shoutd-betomductedtoexammime thre possibitity that
extrinsic contamination occurred during the initial BET. Investigational testing can include testing at
the MVD, testing using glucan blocker or other appropriate techniques.

C.2.3.2 Extractretest: using the original extract preparations to examine the possibility that extrinsic
contamination occurred in the initial BET, at least twice (2x) the number of replicates of the original
sample extraction preparation used during the initial BET should be tested. For example, in a test that
was initially performed as a single test in duplicate, the investigation retest would consist of two tests,
each performed in duplicate. If sample extracts are to be retained, the storage conditions should be
assessed regarding the recoverability of endotoxin over time (refer to A.7.3.1.1). If the initial OSL result
occurred at less than the MVD, the test can be repeated using a greater dilution not exceeding the MVD.
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C.2.3.3 Product repeat test: in the event that the extract confirms the presence of endotoxin, then
a product repeat test using new additional product samples should be conducted to examine the
possibility that extrinsic contamination occurred during the initial sample extraction preparation. In
a product repeat test, it is recommended that the number of product samples be increased from the
initial number tested. For example, at least twice (2x) the initial test article(s) should be tested during
the product repeat test.

C.2.3.4 Alternatively, the sample can be analysed with another BET as allowed by regulatory
guidance. Alternate formulations can aid in identifying factors such as test interference.

endptoxin limit, the product does not pass the test. The manufacturer can coordinate anl inyestigation

C.?F.S If the investigational test(s) indicate that the sample does not conform tosthe product
to idlentify the source of contamination in the raw material and/or manufacturing process (r¢fer to C.3).

C.2{3.6 Ifthe additional investigational testing indicates a laboratory error, inthat contamjnation can
have occurred during extraction or during the initial BET, the initial test can be considered jnvalid (i.e.
a “no-test”) and the BET can be repeated using new product samples and the original sampl¢ size.

C.3 Raw material and manufacturing processes investigation

C.3{1 Items to consider in the raw material and manufaeturing process investigation include key
profess steps or control points that can lead to contamination, such as those listed below:

a) |incoming raw materials or components;
b) |extrusion operations;

c) [aqueous steps in production;

d) |manufacturing cleaning process;

e) |drying or curing processes;

f) |in-process aqueous leaching'or soaking;
g) |water in compressed air system;

h) |product/componenthandling;

i) |manual versus automated assembly;

j) |producterimaterial storage.

C.3{2 «Individual unit testing can be conducted to determine endotoxin distribution among units
withimthe batch.
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Annex D
(informative)

Guidance on in-process monitoring of manufacturing processes or

D.1 Genleral

D.1.1 In-
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component testing

performed for a variety of reasons, some of which include, but are not limited ‘to:
ntrol (i.e. mitigation) for critical processes;
ring of critical points in a process;

ing data to support alternatives to batch testing.

forming in-process monitoring and component testing {9 a’key aspect for an alternativ
hg sampling plan rationale except where routine batch testing over a significant period of ]
strated that the product as a whole does not have pytogens associated with manufact
or other natural materials are not part of the process. If the product has demonstrated
F endotoxins, these steps could be eliminated.

monitoring and actions to be taken can improve the capability of the manufacturing pro

ction of product units

e sampling plan used in the\selection of product units for component testing depends on
F which the data are uséd;such as:

mmon to select a_ saimpling plan of 3 % of a given batch, with a minimum of 2 sampleg
1 size less than 30 and a minimum of 3 samples for a batch size between 30 and 100
mum of 10 sdmples taken at random to represent the quality of the batch (see A.5.2.2
sampling plan can be used. For example, with a subassembly that has risk controls in

k assessment.

water is part of the process, a water sample or representative sampling from a homogeno

process monitoring of either manufacturing process or component sampling,oor botl, is

e to
ime
Lire,
| no

LESS

product meeting endotoxin limit requinements when operated within specified parameters.

the

for
and
). A
the

s, a smaller'sampling can be appropriate for verification of other process controls, based on

1sly

1 rad 1 1 .
eXpOSt,u sIOUpP ITUII UIC S4ITIC WdlCl Cdil DC dpPpproplildatce.

<)

might require greater than 10 samples).

d)

should consider the risk of endotoxin on individual units.

The sampling plan can be based on a statistically derived sampling plan (e.g. a sampling plan that

Components might be pooled or tested individually. The endotoxin specification of the component

D.2.2 The component(s) and/or time point(s) selected for sampling should be based on an assessment
of the risk of how either the components or processes, or both can impact end-product endotoxin levels.
Some examples of criteria to consider can include, but are not limited to:

a) manufacturing processes, including the potential for whether individual processes can introduce

bacter
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ial endotoxins;
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