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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.

The procqdures used to develop this document and those intended for its further maintenance\are
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance|with the
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention [is drawn to the possibility that some of the elements of this document may ke’ the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent'rights. Detailg of
any patent rights identified during the development of the document will be in the:Introduction andyor
on the ISQ list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does hot
constitutd an endorsement.

For an explanation of the voluntary nature of standards, the feaning of ISO specific terms gnd
expressiofs related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the followjng
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee;}SO/TC 194, Biological and clinical evaluation of
medical dqvices.

This secopd edition cancels and replaces the first edition (ISO 10993-18:2005), which has bg¢en
technically revised. The main changes compated to the previous edition are as follows:

— great¢r integration and harmonization with ISO 10993-1, ISO 10993-12, and ISO 10993-17;
— areviped and expanded chemical)characterization process flowchart;
— astrehgthened explanatiofi that analytical testing is not necessarily required;

— added a number of définitions (e.g. medical device configuration, materials of construction, gnd
mateifial composition);

— clarified testing\approaches unique to chemical characterization (i.e. digestion and dissolution [for
hazard identification);

— added discussion of considerations related to analytical method qualification;

— added informative annexes on general principles, vehicle extraction considerations, and the
analytical evaluation threshold (AET; concentration threshold below which extractables or
leachables identification is unneeded).

Alist of all parts in the ISO 10993 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

:2020(E)

IS0 10993-1 serves as a framework in which to plan a biological evaluation which, as scientific knowledge
advances our understanding of the basic mechanisms of tissue responses, minimizes the number and
exposure of test animals. Preference is given to the assessment of chemical/physical properties and
testing with in vitro models in situations within a risk assessment process. These methods are used
when the results yield equally relevant information to that obtained from in vivo models.

The characterization procedure and its associated flowchart is based on the principles in ISO 10993-1;
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5 based on the minimum amount of acceptable and necessary chemical information that canp establish
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ill be of value in assessing the biological response to thé'materials as represented in the finz

t a medical device presents an acceptable health risk.

10993-1:2018, 4.2 states that in the selection of materials to be used in medical deyice ma
first consideration shall be fitness for purpose with regard to characteristics and proper
terial, which can include chemical, toxicological, physical, electrical, morpholegical and
perties. Furthermore, ISO 10993-1:2018, 6.1 states that gathering physicaland chemical i
the medical device or component is a crucial first step in the biological evaluation procg
ociated process of material characterization.

tly, ISO 10993-1:2018, and by reference ISO 14971, points out that a biological risk analys
what is known about the material formulation, what nonclinical’and clinical safety and to3
a exist, and on the nature and duration of body contact withthe medical device.

b requirements specified in this document are intended to yield the following informat

The identities and quantities, as appropriate, of:the materials of construction of the med
(device configuration).

construction (material composition).

The identities and quantities, as,appropriate, of chemical substances used in the medic
manufacturing process, including processing aids and residues.

The potential ofthe medical device and/or its materials of construction to release chemical g
to which a potentially affected individual could be exposed to during clinical conditions o

ay
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m

composition of<the materials of construction is mainly established by the supplier
terials. The composition can change during manufacture of a medical device. Other med
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ties of the
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The identities and quantities, as appropriate, of the chemical constituents in each npaterial of
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cal device

characteristicsc are’ chiefly established by component suppliers or device manufacturers o address

thg performatee and quality requirements to be met by the finished medical device as v
production;storage and distribution processes experienced by the medical device.

ell as the
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Biological evaluation of medical devices —

Part 18:
Chemical characterization of medical device materials
within a risk management process

1
Th

an
chd

Th

qu
COY

Th

comtact (see ISO 10993-1"for categorization by nature of body contact).

Th

a bjiological evdlaation.
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Scope

I control of biological risks from material constituents, using a generally’stepwise appro
mical characterization which can include one or more of the following:

the identification of its materials of construction (medical devicecernfiguration);

the characterization of the materials of construction via théjidentification and quanti
their chemical constituents (material composition);

the characterization of the medical device for chemical substances that were introdud
manufacturing (e.g. mould release agents, process contaminants, sterilization residues);

the estimation (using laboratory extraction ¢onditions) of the potential of the medid
or its materials of construction, to release\chemical substances under clinical use
(extractables);

the measurement of chemical substances released from a medical device under its clinical
of use (leachables).

s document can also be used’ for chemical characterization (e.g. the identificatig
hintification) of degradation products. Information on other aspects of degradation asses
rered in 1SO 10993-9, ISO 10993-13, ISO 10993-14 and 1SO 10993-15.

b [SO 10993 series is~applicable when the material or medical device has direct or ind

s document is(ihténded for suppliers of materials and manufacturers of medical devices,

Normative references

Th

s document specifies a framework for the identification, and if necessary, quantiffication of
comstituents of a medical device, allowing the identification of biological hazards and the ¢

stimation

ach to the

fication of

ed during

al device,
fonditions

fonditions

n and/or
sment are

rect body

[0 support

b following documents are referred to in the text in such a way that some or all of the

ir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

ISO 10993-17, Biological evaluation of medical devices — Part 17: Establishment of allowable limits for

lea

chable substances

ISO 14971, Medical devices — Application of risk management to medical devices
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3 Terms and definitions

For the purposes of this document, the definitions in ISO 10993-1 and the following apply.

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

— ISO Online browsing platform: available from https://www.iso.org/obp

— IEC Electropedia: available from http://www.electropedia.org/

31

acceleratfdextraction

extractior] whose duration is shorter than the duration of clinical use but whose conditions do notreqult
in a chemilcal change to the substances being extracted

Note 1 to ehtry: See also Annex D.

3.2

analyticall evaluation threshold

AET

threshold |below which the analyst need not identify or quantify leachables-or/extractables or repprt
them for gotential toxicological assessment

Note 1 to eptry: See Annex E.

3.3

analyticallly expedient

situation fvhere an extraction vehicle can be directly evaluated with generally available analytical
methods yith the sensitivity and selectivity necessary £ achieve a designated reporting threshpld
such as thp AET

34

analyticall screening method

method whose purpose is to discover, identify-and semi-quantitatively estimate the concentration of|all
relevant aphalytes in a test sample above an-established reporting threshold (such as the AET)

3.5

analyticall targeting method

method whose purpose is to qudntify, with an appropriately high degree of accuracy and precision,
specified gnalytes in a specified test sample over a specified concentration range

3.6

chemicalcharacterization

process (f obtaining,€hemical information, accomplished either by information gathering or |by
informati¢n generdtion, for example, by literature review or chemical testing

3.7

chemical information

qualitative—amdquamntitative, if appticabte, kmowtedge Tetated tothe configuration, compositiomr dnd

production of the medical device and/or its materials of construction, thereby establishing the identities
and amounts of constituents present in the materials and device

Note 1 to entry: See also 5.2.1, 5.2.2, 5.2.3, and Annex B.

Note 2 to entry: Chemical information can be used to establish the hypothetical worst-case release of chemicals
from a medical device, predicated on the circumstance that all chemicals present in the device are released from
the device under its clinical conditions of use.

3.8
clinically

established

medical device, component, or material of construction which has been used extensively for specified
and established clinical uses for which biocompatibility has been established

2
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3.9
component
item which forms one part of a medical device, but is not itself a medical device

3.10
constituent
chemical that is present in a finished medical device or its materials of construction

Note 1 to entry: Constituents may be intentionally present (e.g. an additive such as an antioxidant) or
unintentionally present (e.g. an impurity or degradant).

process of completely solubilizing a medical device, one or more of its components or one ¢r more of
its|materials of construction by breaking it down into its fundamental structural units, in¢luding its

ggerated extraction
exfraction that is intended to result in a greater number or amount of chemical constitu¢nts being
relpased as compared to the amount generated-under the clinical conditions of use

Note 1 to entry: It is important to ensure that the exaggerated extraction does not result in a chemicgl change of
the material or the substances being extracted.

3.15
exhaustive extraction
mylti-step extraction conducted until the amount of material extracted in a subsequent extrdction step
is less than 10 % by gravimetric analysis (or achieved by other means) of that determined in|the initial
ex{raction step

3.16

extractable
sulpstance thatis released from a medical device or material of construction when the medical device or
mdterial issextracted using laboratory extraction conditions and vehicles

3.17

exfrdction power
ability of an extraction vehicle to extract (or leach) substances from a medical device, component or
material of construction

Note 1 to entry: The extraction power of an extraction vehicle is impacted by its physicochemical properties,
including, but not limited to, its polarity, pH and dielectric constant.

3.18

extraction vehicle

medium (solution or solvent) which is used to extract (or leach) a test article for the purpose of
establishing the test article’s extractables or leachables profile

Note 1 to entry: It is preferred that extraction vehicles be analytically expedient.

© IS0 2020 - All rights reserved 3
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Note 2 to entry: For some medical devices (e.g. infusion systems) that are labelled for use with a drug, the most
appropriate extraction medium may be the drug product or drug product vehicle.

3.19

identification

process of assigning a molecular structure and chemical name to an organic compound or assigning
constituent elements or molecular structure as appropriate, and a chemical name to an inorganic
compound

3.20

information gathering
process of collecting existing chemical information, including available test results, that is relevant to
chemical ¢haracterization

3.21
informatjon generation
process of producing chemical information via laboratory testing

3.22
leachable
substance|that is released from a medical device or material during its clinicabuse

Note 1 to eptry: For many medical devices, a leachables study is not practical dueto challenges with reproduding
actual clinjcal conditions, so simulated-use extraction studies are often performed instead. See definition|for
simulated-fise extraction.

3.23
manufactjurer
natural or]legal person who manufactures or fully refurbishes a medical device, or has a device designled,
manufactifired, or fully refurbished, and markets that medical device under its name or trademark

3.24
material fomposition
listing of |the constituents that are contained in a material (qualitative) and the amount of each
substance|in the material (quantitative)

Note 1 to eptry: A material’s composition establishes the hypothetical situation in which the total amount of all
substanceq present in a medical devic€ are released during clinical use. These amounts can be derived dire¢tly
from knowjn composition; experimefitally, they can be derived from digestion, dissolution, and, in many cages,
exhaustive|extraction studies.

3.25
material pf construction
individual raw material that is used to produce a component

EXAMPLE Polym€r resins.

3.26
medical device configuration
listing of a medical device’s components (qualitative), including a listing of the component’s materials of
construction (qualitative) and the proportion of each material in each component (quantitative)

Note 1 to entry: Device configuration should also take into account the shape and relative arrangement of the
parts in the medical device and surface properties (topography and chemistry).

3.27
potentially affected individual
person having direct or indirect body contact with the medical device

Note 1 to entry: See ISO 10993-1 for categorization by nature of body contact.

4 © IS0 2020 - All rights reserved
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3.28
qualification
process of establishing that an analytical method is suitable for its intended use

3.29

qualitative analysis

analytical approach which estimates an analyte's concentration by using the response from a surrogate
substance (or substances) chosen without specifically addressing or considering the relative responses
of the analyte and the surrogate(s)

3.30
qupntification
process of assigning a concentration to an analyte present in a sample

Note 1 to entry: There are several possible levels as shown in 3.31, 3.32 and 3.33.

3.31

estimated quantitative analysis
anglytical approach which estimates an analyte's concentration by using the response from a|surrogate
substance chosen without specifically addressing or considering the rélative responses of the analyte
andl the surrogate

3.32

i-quantitative analysis
anglytical approach which provides an analyte’s concentration by using the response from a|surrogate
sulbstance (or substances), specifically accounting for the relative responses of the analyfe and the

anglytical approach which establishes the most accurate estimate of an analyte's concenfration by
using a response function (calibration cutve) generated specifically for the analyte via thle use of a

Note 1 to entry: Estimated quantitative analysis is generally less accurate than semi-quantitative analysis, which

thieshold below which-a leachable (or an extractable as a probable leachable) has a dose so Jow that it

exfraction using a method that simulates clinical use

Note 1 to entry: A simulated-use extraction is performed to estimate the type and amount of substances that
are expected to be released from a medical device during its clinical use. A simulated-use extraction is designed
to produce an extractables profile that represents the worst-case leachables profile, meaning that all leachables
are also extractables and the levels of all individual extractables are at least equal to the level of all individual
leachables.

3.36
solubilisation
action or process of using a vehicle to dissolve part or all of a test article

Note 1 to entry: Leaching, extraction, dissolution, and digestion are (progressively more complete) sub-
categories of solubilisation.

© IS0 2020 - All rights reserved 5
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3.37
sponsor

individual or organization that plans, commissions, and takes responsibility for testing of a medical device

3.38
supplier

person or company who manufactures or provides the materials of construction or components to be
used in the manufacture of a medical device

3.39
threshold.of toxicolagical concern
TTC i
level of exposure for constituents, below which there would be no appreciable risk to human health
Note 1 to eptry: See ISO/TS 21726 for full context.
3.40
toxicologjcal risk assessment
act of det¢rmining the potential of a chemical to elicit an adverse effect based om-a specified leve| of
exposure
4 Symbols and abbreviated terms
The abbrejviated terms given in Table 1 are used in this document.
Table 1 — Methodology abbreviations
Abbreyiated term Analytical method
2I) PAGE Two-dimensional polyacrylamide;gel electrophoresis
AES Atomic emission spectroscopy
AET Analytical evaluation thneshold
MTA Dynamic mechanical‘thermal analysis
DSC Differential scanning calorimetry
FID Flame ionizatfon detection
FTIR Fourier transform infrared spectroscopy
GC Gas chfomatography
GHC/SEC Gel permeation chromatography/size exclusion chromatography
HPLL (or LC) High performance liquid chromatography (or liquid chromatography)
HS Headspace sampling
IC Ion chromatography
ICP. Inductively coupled plasma
IR Infrared spectroscopy
MSa Mass spectrometry
NMR Nuclear magnetic resonance spectroscopy
NVOC Non-volatile organic compound
NVR Non-volatile residue
SEM-EDS (or SEM-EDX) |Scanning electron microscopy-energy dispersive X-ray spectroscopy
SvocC Semi-volatile organic compound
TOC Total organic carbon
uv Ultraviolet spectroscopy

a  Mass spectrometry is frequently combined with other techniques (especially chromatographic) in coupled methods
such as GC-MS, LC-MS and MS-MS.

© IS0 2020 - All rights reserved
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Abbreviated term Analytical method

VOC Volatile organic compound
XPS X-ray photoelectron spectroscopy
XRF X-ray fluorescence

a

Mass spectrometry is frequently combined with other techniques (especially chromatographic) in coupled methods
such as GC-MS, LC-MS and MS-MS.

5

5.1

Th

addlitional supporting information as appropriate, can be used for a range of important applid

€Xd

Characterization procedure

General

h

chemical characterization information, either collected or generated,rand augme

imple:
supporting the overall biological safety of a medical device (ISO 10993-1 and ISO 14971);
supporting the biological safety of a reprocessed medical device;

determining the amount of chemical substances that might be leached from a medi
under the conditions of its clinical use, to support performing a toxicological risk a
(ISO 10993-17);

supporting equivalence of a proposed medical deVice to a clinically established device, u
same type of clinical exposure, with regards to‘either the device’s configuration or its ext

hted with
ations, for

ral device
ksessment

bed for the
ractables/

leachables profiles and any subsequent releyant evaluations;

supporting equivalence of a clinically established medical device, used for the same type|of clinical
exposure, after changes in the manufacturing process, (including, but not limited, to chanpges in the
sterilization process), manufacturing sites, suppliers of materials or components, etc.;

supporting equivalence of a proposed material of construction to a clinically established aterial of
construction with regards:to either the material’s composition or its extractables profil¢s and any
subsequent relevant eyaluations;

supporting equivalence of a final medical device to a prototype device with regards to|the use of
data secured on.the’prototype to support the assessment of the final device, specifically considering
relevant information such as composition, device configuration and extractable profile ohtained for
either the device or its materials of construction; or

screening of potential new materials for chemical suitability in a medical device for a| proposed

clinical application.

Theseimportant applications notwithstanding, chemical characterization alone can be insyfficient to
establish the equivalence or biocompatibility of materials and medical devices, and cannot unilaterally
substitute for biological testing. However, chemical characterization in combination with risk
assessment can be a necessary part of judging chemical equivalence and assessing biocompatibility,
and if appropriately conducted can be used in lieu of certain biological tests.

Chemical characterization of a medical device provides the necessary input into the device’s biological
evaluation and toxicological risk assessment (see ISO 10993-1 and ISO 10993-17). A flowchart describing
the general chemical characterization process is given in Figure 1. This flowchart represents the
chemical characterization portion of the overall biological evaluation flow as discussed in ISO 10993-1
and is meant to illustrate the characterization process that is described in this clause. This general
flowchart is supplemented with additional flowcharts (see Figures 2 to 4) that provide greater detail to
specific steps in the general process.

© IS0 2020 - All rights reserved
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The requirements and guidance for each step of the chemical characterization process are specified
in 5.2 to 5.10. When specified in the applicable flowchart, knowledgeable and experienced individuals
shall compile existing information relevant to the chemical characterization (information gathering)
and assess its adequacy as the basis for a toxicological risk assessment of the material/medical device.
If the existing information is insufficient to complete the assessment, additional information shall be
gathered or produced by testing (information generation) to enable the toxicological risk assessment.

This procedure should consider each of the direct and indirect contact materials of construction used
in a medical device in addition to the requirement for chemical characterization of the finished medical
device. Since the chemical nature of a medical device can be affected by its processmg during its

t t HH £l ££. £l £ A | Laolll 1 -
OnS ruC Ull LC 5. DLCI lllLaLlUll}, CIIC ClleL Ul U115 lJl UbCDOllls UIl LIITU UTVIUU S511dIT UT Lal\cll lllLU dUUCUUII}L ln

the design and interpretation of the chemical characterization.

At each step of the characterization procedure, the adequacy of the available data as the basis [for
performing the risk assessment shall be established. The available data can be considereéd adequpte
if it reflects or exceeds the conditions of clinical use and a risk assessment based on the.available dpta
can be corhpleted. Inadequacies in the data can be addressed by filling gaps in such data (e.g. literatfire
review) aid/or supplementing the data via analytical testing.

The flowdharts have the following types of process steps; start/stop, decision points, informatjon
gatheringland evaluation, and analytical testing. Each type of step is represented by a geometric shape.
Start/stof] steps are identified as ovals, a decision step is identified as;a diamond, an informatjon
gatheringfevaluation step is represented as a parallelogram, and a step that involves analytical testjng
is represented as a rectangle.

The stepsfnd actions defined in 5.4.2, 5.7 and 5.9 are part of thetisk assessment process and represpnt
the pointq at which chemical information is provided for assessment. As such, they are for the mjst
part, outs|de the scope of chemical characterization, which'is the focus of this document. These stgps
are includgd to indicate the important link between chemiical characterization and risk assessment (fee
ISO 10993-1, ISO 10993-17, and ISO 14971).

The chardcterization procedure and its associated flowchart system is based on the principled in
ISO 10993-1; specifically, that the biologicalvevaluation and toxicological risk assessment procgss
is most effficient and effective if it is based on the appropriate (minimum) amount of acceptable gnd
necessary|chemical information that can establish that a medical device presents an acceptable hedlth
risk. Thug, the first step of the procedure is to establish the configuration of the medical device gnd
the compgsition of the device’s materials of construction so that it can be compared to a clinicglly
establisheld device or assessed based on hypothetical worst-case chemical release (i.e. “it all comes
out”). Thils assessment should)include potential contaminants, degradants, processing aids 4nd
additives which could be ,infroduced by the manufacturing process. If an assessment based on the
hypothetifal worst-case.chemical release leads to the conclusion that there is an acceptable risk, then
the procegs can be compléted with the collection or generation of a minimum amount of informatipon.
On the otHer hand, if the conclusion of acceptable health risk cannot be supported, then additional dpta
shall be cqllected,fellowing a step-wise process from determining and evaluating the medical devige’s
hypothetifal worst-case chemical release to the actual chemical release under clinical conditions of yse.
In any and all cases, the information collected shall reflect (or exceed) and be assessed according to the
clinical cohditiens-efuse:

In using the flowcharts, it is not always necessary to complete all steps in the entire sequence; thus, the
flowchart system has multiple points of exit. For example, if one can demonstrate that a hypothetical
exposure to all of the chemical constituents of a medical device presents an acceptable health risk,
additional chemical testing is not necessary, the characterization is complete and the flowcharts are
exited and biological evaluation continued according to ISO 10993-1.

8 © IS0 2020 - All rights reserved
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Start \
Chemical characterization
needed per ISO 10993-1j

Establish the device's
configuration, composition,
and clinical use
(Figure 2 and 5.2)

Is there a
% clinically established
es . . ) .
device with the same configuration,
composition and clinical use?
l:l: ’2' Annaex {" andISO
10993-1)
Establish the device's
No hypothetical worst ¢ase chenfical
release via compesitional profiling
/ (Figure 2.and 5.4)
Does risk
Yes 'a'ssess'ment of t.he com- No Estimate the device's chemigal
positional information conclude o .
- ; release via its extractables préfile.
device has acceptable risk? (Figure 3 and 5.6)
(IS0 10993-1 and ISO ’
10993-17)
Does risk
Yes assessment of the No Determine the device's actual chiemical
extractables data conclude. release via its lechables profjle.
device has acceptable risk? (Figure 4 and 5.8)
(IS0 10993-17)
Does risk
assessment of the No
leachables data conclude
device has acceptable risk?
(IS0 10993-17)
End; Chemical Characterization Complete End; Chemical Characterization Complete
Chemical information supports equivalence or a toxicological Chemical information does not support a toxicological
risk assessment conclusion (per ISO 10993-17) that risk assessment conclusion (per ISO 10993-17) that
constituents extractables, or leachables present an acceptable constituents extractables, or leachables present an acceptable
health risk. This outcome can be used to support health risk. This outcome can be used to support
biological evaluation under ISO 10993-1 (5.10) biological evaluation under ISO 10993-1 (5.10)

NOTE The flowchart can be entered and exited at multiple points.

Figure 1 — General chemical characterization process
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In addition to multiple possible exit points, the flowchart system also has multiple points of entry.
While the first actions taken in the flowcharts can facilitate the later actions in the flowcharts, they
are not necessarily prerequisites for those further actions. For example, although knowing a device’s
configuration and material composition (including potential impurities) might facilitate establishing
its leachables profile, the leachables profile can be delineated without configuration and composition
information. Thus, if a sponsor has reason to believe that a leachables assessment will be necessary or
most relevant (e.g. for certain indirect contact medical devices) to properly and completely establish
the medical device’s toxicological risk, then compositional profiling and extractables studies need not
be conducted. Likewise, available knowledge of the medical device’s composition can make it clear that
an extractables study is likely to produce an extracted substance above an acceptable threshold; in this

case, it cafibe appropriate to Sklp the extractables sEuay and proceea alrecfly to a leachables sfuay.

This multjple entry and exit approach is proper and justifiable as the flowchart system is conStracted
such that ach successive step gets closer to establishing the actual clinical exposure to leachables gnd
thus gets rloser to establishing the actual risk. Entering the process at an intermediate point can gtill
assure thgt the most accurate estimate of exposure is produced for toxicological risk @ssessment. Iffan
alternativg entry to the flow chart (i.e. other than “start at the beginning”) is taken, dt:shall be justified.

Additional general guidance on chemical characterization is provided in Annex.A.
5.2 Establish medical device configuration and material compésition

5.2.1 General

A medical device’s ability to interact with a potentially affected individual requires contact,|as
established in ISO 10993-1. For medical devices (or components) that do not have direct or indirect
contact with the body, chemical characterization is net nhecessary. The hypothetical worst-case
chemical felease is established by the configuration and,composition of the medical device. Thus, the
first step Is to compile all required chemical information related to the configuration and compositjon
of the mefical device and its materials of construction. This information is secured either from|an
appropriafe source (e.g. material’s vendor) or via‘appropriate compositional testing.

The medig¢al device shall be described and-its"configuration, its intended purpose, and its clinical yse
shall be dgcumented. This shall include its'individual materials of construction, the proportion of thpse
materials|(e.g. by surface area or weight] in the device, and its physical structure (including surface
propertieg such as topography and(chemistry, where applicable). Providing the geometric distributjon
of the matprials within the medical device (medical device configuration) is relevant as such a structyral
description establishes the nature of contact, if any, between individual materials of construction gnd
the potentially affected individual.

Once the medical devige'configuration has been established, each material of construction in direct or
indirect c:[lntact should:be compositionally described and its intended interaction with body tissues gnd
fluids estgblished.‘A documented, qualitative description of the known composition of each material of
constructfon and\known additives and processing residues from manufacturing activities is required.
Additional guidance on preparing a qualitative description can be found in ISO 10993-1 and Anney B.
The amouptiof detail in the qualitative and/or quantitative compositional data provided/required (g.g.
the levels of additives and residuals in the material) shall reflect the potential safety risk associated
with the medical device and its materials (see ISO 10993-1:2018, 6.1). For example, long-term contact
devices need more detail than limited contact devices and implanted devices need more detail than
surface devices. The amount of and detail in the provided compositional data shall be justified. The
effect of processing (including sterilization) of the materials and the medical device shall be considered.

The qualitative description of each material shall include details of trade name or specification number,
supplier name and material specification (e.g. formulation disclosure, certificate of analysis, technical
data sheet, safety data sheet) to the extent that such information can be secured and is relevant. The
use of a standardised material, e.g. ISO 5832 series, in its intended use is considered to meet this
requirement.
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5.2.2 Information gathering

Medical device manufacturers should preferably obtain qualitative and quantitative compositional
information about materials from the supplier of the starting material. Qualitative information about
any additional processing additives, for example, mould release agents, should also be obtained from
appropriate members of the manufacturing chain, including convertors and component suppliers. In
the absence of sufficient supplier information, such information should be obtained by chemical testing
(e.g. compositional, extractables, or leachables testing). The information obtained can be sufficient to
identify all biological hazards arising from the chemical constituents of the material for inclusion in
the toxicological risk assessment (see ISO 10993-1). Information on whether any constituents from

th U U C CC LU dl T NCT1Y U UCT PICSC DU d d dUIT C lthaTTC
approach may be planned (see ISO/TS 21726).
ThE biological evaluation considers data from several datasets alongside those derived fronp chemical

chgracterization. Thus, the inability to obtain such information from suppliers does not necessarily
prevent the biological evaluation. However, when a toxicological hazard has beenidentified, infformation
gaps that would prevent a toxicological risk assessment shall either be filled pr-O0therwise addiressed.

The composition of materials used in medical devices shall either be documented in accordance with
applicable materials standards or shall be specified by the medical device manufacturer.

NO[T'E The supplier can be a useful source of appropriate material gomposition information. In the absence
of gny initial compositional data, a literature study to establish the likely'nature of the starting mateifial and any
additives is recommended.

5.2.3 Information generation

Compositional testing of the medical device and/eor its materials of construction can be peeded to
supplement any information gaps and to provide\the necessary quantitative information on| materials
angl chemical constituents.

NO[TE As stated in ISO 10993-1:2018,x6.1, “The extent of physical and/or chemical chardcterization
redquired depends on what is known about-the material formulation, what nonclinical and clinical|safety and
toxficological data exist, and on the nature-and duration of body contact with the medical device. At § minimum,
thel characterization shall address the\constituent chemicals of the medical device and possible residjal process
aidp or additives used in its manufacture.”
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Generate information (such as
compositional testing) that is necessary
to complete the device configuration

No Is there

on composition?

sufficient information

Start

Gather information on materials & chemical
constituents (including additives, process aids,
manufacturing residuals) to establish device
configuration & materials composition.
Establish clinical use (5.2.1)

and materials composition (5.2.3)

Yes

Is there a
Is there
sufficient information
on composition?

Yes

1SO 10993-1)

clinically established
device with the same configu-
ration, composition, & clinical
use? (5.3, Annex C, and

Yes

Is there a
need to consider
mical analyses of extractables
or leachables?
(5.2.3, NOTE)

ch

Yes

{

Establish the hypothetical
worst case chemical release based
on exposure to all of the device's
chemical constituents (5.4)

!

/ Provide chemical information

Does risk
assessment conclu
device has acceptable

IS0 10993-17)

(IS0 10993-1 and

/ for risk assessment

de
risk?

Yes

Perform extractables

testing, as appropriate

(See Figure 3)

or consider other
approaches per ISO
10993-1 or ISO 10993-17

End} Chémical Characterization Complete

End; Chemical Characterization Complete

ChemicaHmformatiordoes ot supportatoxicotogicat

I
risk assessment conclusion (per ISO 10993-17) that
constituents extractables, or leachables present an acceptable
health risk. This outcome can be used to support
biological evaluation under ISO 10993-1 (5.10)

Chemical information supports equivalence, or a toxicological
risk assessment conclusion (per ISO 10993-17) that
constituents, present an acceptable health risk.

This outcome can be used to support biological
evaluation under ISO 10993-1 (5.10)

Figure 2 — Compositional profiling process

5.3 Assess material/chemical equivalence to a clinically established material or

medical device

When specified in the flowcharts, the information com

piled in 5.2 shall be used to compare the medical

device under consideration to another device that has been clinically established. Specifically, the

12

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=43d17ef1169415ea60559a6a84fa56f6

IS0 10993-18:2020(E)

information is used to determine whether the medical device under consideration is equivalent, in
configuration, composition, manufacturing, processing and intended use, to a clinically established
medical device. Annex C and [SO 10993-1 present principles for judging equivalence.

In some cases (e.g. change in the material supplier for a component), demonstration of material
equivalence can be sufficient. Enough qualitative and quantitative information shall be obtained to
determine whether a material under consideration is equivalent, in composition (including impurities),
physical and chemical properties, processing and use, to a clinically established material. If a device
or material is determined to be equivalent to a clinically established device or material, then that

determination shall be justified and documented.

When an equivalent clinically established medical device can be identified and justified for
unfler consideration, then the chemical characterization process shall be deemed to have beén ¢
When a clinically established equivalent medical device cannot be established and justified,
elements of a biological evaluation in accordance with ISO 10993-1 should be considered
addlitional chemical characterization, as established by the additional steps in thexflowchart sy

Material equivalence can be based on either material composition or extractable profile data

medical device’s chemical constituents

5.4.1 Establish the hypothetical worst-case’chemical release

The greatest potential chemical impact of’a medical device would be achieved if the devi
composition were to transfer to the potentially affected individual during clinical use. This
acqomplished, for example, if an implantable medical device were to dissolve during clinic3
an|externally communicating deviee were to be completely leached during clinical use. Ad
thg qualitative and quantitative ‘data collected in 5.2 regarding the material or medi
comfiguration, materials of construction, process residuals and supplier information can
estfablish the hypothetical(worst-case chemical release, even if it is unlikely that this worst-d
happen under the clini¢al conditions of use. Additional factors shall be considered when eg

the device
ompleted.
then other
including
'stem.

compared
e data are

Ce’s entire
would be
I use or if
cordingly,
tal device
e used to
ase would
tablishing

linical use

providing
ablish the
otentially

affected 1nd1v1dual accordmg to ISO 10993- 1 and ISO 10993 17 |

When exposure to a medical device’s entire composition can be established as being acceptable (e.g. by
comparing the exposure to a safety threshold established in 5.5), then the chemical characterization
process shall be deemed to have been completed. The biological evaluation can then be completed
according to ISO 10993-1. When exposure to a medical device’s entire composition is established to be
potentially unacceptable, then the chemical characterization process can be continued by moving to the
next step (see 5.5, 5.6 and Figure 3). Alternatively, it can be appropriate to return to ISO 10993-1:2018
to continue forward with biological endpoint evaluation, if characterization information is not likely to
provide further benefit.

NOTE1 Insome cases, theoretical compositional profiling might not be sufficient (e.g. if degradation products
and unintended contaminants during manufacture are likely).
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NOTE 2 It can be possible to evaluate biological safety of devices with low risk exposure (e.g. intact skin)
based on qualitative information on material composition, if the device is made of widely used materials having
extensive history of clinical use and manufactured using the same methods (e.g. ISO implant grade stainless steel
and common passivation and post passivation processing). In these cases, chemical analysis and toxicological
risk assessment might not be necessary.

5.5 Establish an analytical evaluation threshold

An AET shall be determined and justified (see Annex E). The AET should preferably be derived from
a safety-based threshold (such as the TTC) but if this is not practically achievable, an analytical

th h ld cuch actha T it o f Mot (TN oo ba iend oo thn a0 fingtheanchold II oAy
res O SULCIT do UIIC ulllllL \v By \(uullblll\'ublull Luu\() CAUdIl UC UoLuU do LIlIv l\'l_lul \-l116 CIIT COIIVIU,. 1TIUVV U er

the differ¢nce between the AET and the LOQ shall be considered in the toxicological risk assessmpnt
and the difference shall be justified.

5.6 Estimate the chemical release; perform extraction study

An extradtion study can be performed to identify and quantify extractables fofofexicological ifisk
assessment per ISO 10993-17. In some cases (e.g. with exhaustive extractions),“information on the
release k:ﬁqetics of extracted chemicals can be helpful. The extraction conditions used; exhaustjve,
exaggeratpd or simulated use shall be documented and justified. AnneX-bD provides guidance [on
principles|of extractions.

The naturje of use for some medical devices (e.g. indirect contact devices such as saline infusion balgs)
can obviafe the need for extractables testing, as the conditions efuse associated with the maximpm
human exjposure to leachables can be replicated and the clinical use solutions can be analysed ih a
straightfofward manner. In such cases, extractables testing cotild reasonably be replaced by leachalles
testing.

NOTE1 [Extractables can, in some cases (e.g. for well understood materials), be forecasted through soyind
scientific apd computational methods, as well as determined empirically.

NOTE 2 [Asindicated in ISO 10993-1, biological testing or additional analytical testing can be used to mitigate
any potentjal concerns raised by chemical characterization.

The desigh of the extraction study should‘take into account the nature of contact (of the device) With
the potentially affected user; the influencé of (or interaction with) other substances such as drugs injan
administrption device may also need to be considered.

Table 2 — Recommended extraction conditions

Contact category Recommended extraction conditions Credible alternatives
Limited cqntact devices Simulated use conditions? Exaggerated conditions
Prolonged|contact dévices Exhaustive conditions Exaggerated conditionsb.c
Long-tern] contactdevices Exhaustive conditions Exaggerated conditionsbP.c.d

a2 Note tHat-some legal authorities (e.g., U.S. FDA) can request exaggerated extraction, unless otherwise justified.

b E s o 1 1 o 4 o 11 e . el . 1. Tl
Xamp TS UL ITISUATILES WITT T CAIIdUSLIVE TALL ALLIVIT WUUIU HTUL Ly pitdlly UC TTUUITITU HILIUUC.

— single use devices used for less than 24 h, where repeat use of a new device each day would result in categorization as
prolonged or long-term contact;

— single use devices used for several days, where repeat use of new devices would result in categorization as prolonged
or long-term contact;

— reusable devices, where a patient may be exposed to repeated use of the same device, resulting in categorization
as prolonged or long-term contact; when an exaggerated extraction is used for a reusable device, the extraction should
properly account for the duration of each individual use.

¢ Exaggerated conditions can be appropriate for external communicating or non-absorbable surface contact devices,
with justification.

d  An example is a device comprised entirely of non-absorbable metal (e.g. a vascular stent), because migration of
constituents from within the material is not possible, and the constituents of interest are related to the surface only and
exaggerated extraction can be adequate to generate a complete extractables profile.
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The primary objective of the extraction is to produce an extractables profile that is at least as
comprehensive as a device’s leachables' profile, meaning that the extractables profile includes all
leachables as extractables and that the concentration of the extractables is at least as great as the
concentrations of leachables. An extractables' profile that overestimates the leachables' profile,
specifically by overestimating the extractables’ concentrations versus leachables’ concentrations,
provides an added margin for uncertainty in the toxicological risk assessment, and can be appropriate
in many circumstances. However, care must be taken to limit the extent of overestimation, as overly
aggressive extractions conditions can lead to an altered extractables' profile.
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Continue from Figure 2
(or from Figure 1)

Calculate the analytical evaluation
threshold, AET (5.5, Annex E)

Espunate-the-chemicalreloasepeori an-extraction
study whose design (exhaustive, exaggerated,
nmpulated) is consistent with (or exceeds) the clinical
ondition of use. Identify, quantify and report all
exftractables present in the extracts at levels greater
than the AET (5.6)

si

Provide chemical information
for risk assessment

Does risk
assessment conclude device
has acceptable risk?
(IS0 10993-17)

No Can additional
characterization mitigate
the'concern?

Yes

End; Chemical Characterization Complete
Chemica] information does not support a toxicological
risk asspssment conclusion (per ISO 10993-17).that
extrdctables present an acceptable health risk.
This oytcome cannot be used to support biological

evaluation under I1SO 10993-1 (5:10)

End; Chemical Characterization Complete
Chemical information supports equivalence, or a toxicologica
risk assessment conclusion (per ISO 10993-17) that
extractables present an acceptable health risk.
This outcome can be used to support biological
evaluation under ISO 10993-1 (5.10)

Consider the need for

leachables testing:
Continue to Figure 4

Figure 3 — Extractables profiling process

The extracts shall be analysed using sensitive and selective methods to screen the extracts for
extractables, and the detected extractables above the analytical evaluation threshold, AET (5.5 and
Annex E), should be identified and quantified. Adequate chromatographic resolution is an example
of how adequate selectivity can be demonstrated. The analytical methods shall be selected and the
analytical results reported consistent with the AET. Table 3 establishes those analytical methods that
are generally applicable to extractables studies.

The analytical process should be replicated by testing multiple aliquots of the extract, to account for

analytical variation. Although triplicates are recommended, a smaller number of replicates can be more
practical, if justified.
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The information from this study will be used to determine the risk associated with the estimated
chemical release. If a toxicological risk assessment determines that a chemical or chemicals could
be a risk to the potentially affected individual using the extractables data, a more clinically relevant
extraction can be done to more precisely estimate the amount of the chemical or chemicals released
from the medical device in clinical use (see 5.8). When a more clinically relevant extraction cannot be
justified, other risk mitigation strategies can include targeted analysis, biological testing, reduction of
the chemical in the device, and in some cases, labelling as described in ISO 14971, ISO 10993-1 and
ISO 10993-17.

5.7 Assess the estimated chemical release (extractables profile)

The results of the extraction study shall be reported so that the risks attributable to_each|identified
exfractable can be assessed according to [SO 10993-17, ISO 10993-1 and ISO 14971.

5.8 Determine the actual chemical release; perform leachables study.

When the quantity of any extractable released from the medical device presents a potential safety
hazard in the light of its estimated clinical release, a more accurate estimate of actual expostire to, and
actlual case chemical release of, that chemical can be established by performing a leachables agsessment
of the device using actual or accelerated extraction conditions (g:g-using elevated tempefrature) as
pré¢sented in Figure 4. If a leachables study is performed because substances of concern were|identified
in fin extractables study, the new study should target those substances of concern. Extractables which
do[not present a potential toxicological concern in light of estimated clinical release have already been
estlablished to be safe and their further characterization.is unnecessary. When it is anticipated that
addlitional leachables that were not revealed as extractables can be present, the leachables stydy should
indlude screening for the additional leachables.
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Continue from Figure 3
(or from Figure 1)

Select and justify target
leachables (if target assay)

Determpine the actual chemical release.
Conducq a leachables study whose design
replicateg the clinical conditions of use (and Provide chemical information
targets pxtractables of concern from any for risk assessment
previoyis studies). Quantify & report all
leafhables above the AET. (5.8)

Does risk

assessment conclude device Yes
has acceptable risk?
(IS0 10993-17)
No

End; Chemical Characterization Complete End; Chemical Characterization Complete

Chemical information does not support a toxicological Chemical information supports a toxicological
risk assessment conclusion (per ISO 10993<17)-that risk assessment conclusion (per ISO 10993-17) that

leachables present an acceptable hedlthrisk. leachables present an acceptable health risk.

This outcome cannot be used to suppert biological This outcome can be used to support biological
evaluation under ISO 1099321 (5.10) evaluation under ISO 10993-1 (5.10)

Figure 4 — Leachables profiling process

Alternativiely, a sponsor may)decide to perform a leachables study without having previously perfornjed
other chemical characterizations processes (e.g. extractables profiling). For example, it can be possiple
to readily|perform atgleaching study with an analytically expedient contacting vehicle under the exact
or accelerpted clinical conditions of use (e.g. for a medical device that serves to deliver fluids). In sugh a
circumstalnce, theleaching vehicle shall be screened for leachables in a manner similar to, and with the
same reqyirements for, extractables screening as discussed in 5.6.

Leachables studies mclude two actions; generation of the leachate and testing of the leachate. At this
stage in the chemical assessment process, the leaching conditions should be either accelerated or actual
clinical use. In either circumstance, the leaching conditions used to generate the leachate shall be
documented and justified.

The leachate shall be analysed using sensitive and selective methods, and the levels of target or
screened leachables quantified. Table 4 lists those analytical methods that are generally applicable to
leachables quantification.

Analytical methods used to quantify leachables shall be qualified for that purpose (see 6.5 and Annex F
for further information related to method qualification). Targeting leachables and use of qualified
analytical methods for their quantification will produce a more accurate assessment of a potentially
affected individual’s exposure than that obtained using extractables screening data.
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5.9 Assess the actual chemical release (leachables profile)

Results of leachables studies, including both targeted leachables and leachables revealed by screening
at levels above the AET, shall be reported so that the potential risks attributable to each constituent
released can be assessed according to ISO 10993-17, ISO 10993-1 and ISO 14971.

5.10 Exiting the chemical characterization process

If the chemical characterization supports equivalence, or a toxicological risk assessment conclusion
(per ISO 10993-17) that constituents, extractables, or leachables present an acceptable health risk, then
thdchemical characterization process has been completed and this outcome can be used jo support
bidlogical evaluation under ISO 10993-1.

If the chemical characterization does not support a toxicological risk assessment conclyision (per
IS 10993-17) that constituents, extractables, or leachables present an acceptable health risk, the
cheémical characterization process has been completed but cannot be used’to support|biological
evgluation. The need for further assessment (e.g. biological testing) or otheritigation activjity should
bejevaluated per ISO 10993-1 and ISO 10993-17.

6 | Chemical characterization parameters and methods

6.1 General

Clquse 5 describes the stepwise generation of qualitativerand quantitative chemical charadterization
data for use in the risk assessment. The characterization‘parameters to be used should be appropriate
to the material or finished medical device. Due to the‘diversity of medical devices, it is recognized that
not all of the parameters identified for a material ‘will be required for all/some medical dgvice uses.
As|noted previously, the extent of characterization required is determined by the invasiveness and
duration of clinical exposure in the intended-ise (see ISO 10993-1:2018, 6.1). The type and pmount of
chgracterization data should be consistentwith all of the parameters considered relevant fo the risk
asgessment of the medical device and should consider the clinical application.

Chemical characterization data canbke collected by information gathering from supplier infogmation or
litgrature review, or produced by information generation through testing a medical device dr material
dirfectly in its natural state (e:g: IR analysis of a film). However, it is often necessary to soluhilize all or
part of the test article pridr t6 analysis. The type and extent of solubilization employed shalljmatch the
intent and purpose of thie'testing. For example, if the purpose is to:

— | generate information on the composition of a material (e.g. additives, residuals), then the appropriate
solubilisatiofi.could involve complete dissolution or exhaustive extraction of the test artifle;

— | establish\the presence of elemental impurities in the material, then digestion of the matg¢rial could
be appropriate;

— | establish the test article’s extractables profile, then complete dissolution is inapprogriate, and

avhauctive ovaagagorated accelerated or simulated-use evtraction ic annranriate
R T A s Y e) e tHo o p PO pictes

Torcethorc e rte rate o oottt ot o rx

Additionally, the vehicles/media used for solubilisation should be considered in the context of the
methods chosen for testing those extracts, as the vehicles should be compatible with the test methods
employed to analyse the extracts. If visible particles or precipitates occur during extraction, and are
not solubilized, these should be analysed as well, using applicable methods.

Due to the diversity of medical devices, their materials of construction and the conditions of their clinical
use, it is recognized that extraction conditions suitable for simulating, accelerating or exaggerating
clinical use will vary greatly. Nevertheless, Annex D provides considerations in determining extraction
parameters for typical medical devices, including the choice of extraction vehicle, based on type of
contact and duration of exposure.
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Considering analytical methods appropriate for relevant data, 6.2 and 6.3 provide examples of
qualitative and quantitative parameters that can be relevant for assessing structural and composition
of medical device materials, and also provide examples of specific methods which can be used.

6.2 Material composition

As the material composition of a medical device is relevant to its biocompatibility, it is necessary to
determine and consider device characteristics that establish the device’s composition. Table 3 lists
some of the characteristics which could be relevant, along with examples of appropriate analytical
approaches.
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Table 3 — Test methods for establishing the material composition of medical device materials

C

d

e

f

g

Examples can include lubricants, crosslinking agents, mould release and blowing agents, and catalysts.

Metals and alloys are frequently supplied with documented composition. When such information is already available,
it is generally not necessary to repeat the analysis.

Examples of additives that should be considered include metal deactivators, light/heat stabilizers, plasticizers,
lubricants, viscosity modifiers, impact modifiers, antistatic agents, antimicrobials, antioxidants, flame retardants,
whitening agents, fillers, sintering agents, mould release agents, binders, pigments, and coatings.

Atomic spectroscopy includes AA and inductively coupled plasma spectroscopy with either optical emission detection
(ICP-AES) or mass spectrometric (ICP-MS) detection.

The nature of these analyses is such that their quantitative measurements are characterized by either limited
sensitivity or a relatively high degree of imprecision.

This method quantifies total impurities but not individual impurities.

Material type Characteristic Example methods? Qualitative |Quantitative
Residual monomer GC,LC (M) X X
. FTIR X Xf
Surface composition
XPS X X
; *
Residual rc\f‘c\]}ycf’ itiators Atomlc SpeCtrOSCOpye ( ) X X
e (M X X
Syinthetic Ad<_ilt1ves, process GC, LG, IC (*) X X
Pdlymers residues, trace
X-ray diffraction X —
. Residue on ignition X X8
Impuritiesb
X-ray fluorescence X
GC,LC,IC (™) X X
FTIR X Xf
Chemical structure
13C and H NMR (%) X X
X-ray fluorescence X Xf
EDX/SEM, XPS X Xf
Combustionianalysis (C, S) X X
Atomic spectroscopy® (*) X X
Material composition¢ Gas fusion (N, O, H) X X
Titrimetric X X
M¢tals and alloys - -
Gravimetric X
Electrolytic X X
Colourimetric X —
Elemental distribution EDX/SEM, XPS X Xf
between phdses Electron microscopy X X
Phase gs whtace EDX/SEM, XPS X
composition
X-ray fluorescence X Xf
Trace substances, . o (%
including additivesd Atomic spectroscopy (*) X X
Ceramics LC,GC (™ X X
Anions Ion chromatography (IC) X X
Material composition X-ray diffraction X —
a | Not comprehensive or exclusive. Methods denoted with a (*) are methods that are most commonly empldyed for the
indi¢ated purpose. In certain situations, the other methods listed in this table can be used.
b
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Table 3 (continued)

Material type Characteristic Example methods? Qualitative |Quantitative
Colourimetric X —
Identity 2D PAGE () X X
Natural GPC/SEC X X
macro-molecules Amino acid sequencing X X
Chemical structure FTIR X Xf
13C and 'H NMR (%) X X

a

b
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f

g
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Test methodologies that can be used in extractables.sereening and leachables studies are listed
Table 4.
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f extracted (or leached) substances should consider both organic and inorganic entities.

ktractables can be qualitatively-'placed into three classes based on their volatility; Vi
NVOC. The analytical techniques used to screen for these classes of organic extractal
ent, though one chemical canoften be detected using a variety of techniques; for examj
hatography with headspage sampling (HS-GC) is typically used to analyse VOCs,
braphy (GC) is typically)used to analyse SVOCs and LC is used to analyse NVOCs. ]
braphic techniques. used for screening are coupled with appropriate sensitive, broa
and information=rich detection methods to ascertain the extractables’ identity 4
fion. As extracts usually contain mixtures of chemicals, chromatographic meth
lly coupled<tomultiple detectors. Thus, for example, GC separations may be coupled
zation (FID)~and MS detectors and LC separations may be coupled to ultraviolet radiat
1 (UV)_and’MS detectors.
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Table 4 — Test methodologies for extractables and leachables

:2020(E)

M::;«;r:al Characteristic Example methods? Qualitative | Quantitative
. HS-GC or GC with FID and/or MS* X X
Organic extractables, VOC -
Total organic carbon (TOC)P — X
HS-GC and GC, with FID and/or MS* X X
. ArLL, WItUV, CAD, ELSD alld/0I" MS
Organic extractables, SVOC -
Total organic carbon (TOC)P — X
All NMR X X
HPLC, with UV, CAD, ELSD and/or MS* X X
_ NMR X X
Organic extractables, NVOC -
Total organic carbon (TOC)P — X
Non-volatile residue* — X
Elemental extractables ICP-AES, ICP-MS*b X X
Anions and cations Ion chromatography® X X
a | Not comprehensive or exclusive. Methods denoted with a (*) are the fhost typically and commonly emplqyed for the
indicated purpose and are generally considered sufficient. The selectionofjthe appropriate methods should be|carried out
bylqualified personnel, in accordance with the composition of materials/of construction and their manufacturing.
b | Generally employed for aqueous extracting solvents (e.g. water,'saline).
As|an extract can contain compounds from all three’classes (VOC, SVOC and NVOC), an appropriate
strptegy for comprehensively screening an extract for organic extractables could involve {p;plication
of all three chromatographic techniques and the various detection strategies. The exact combination
of separation and detection strategies used to accomplish the screening depends on the naflure of the
organic extractable, as no single chromatographic method is applicable to the wide range of potential
organic extractables.
Although GC-MS and LC-MS methods are the primary tools used in screening for organic extractables,
addlitional methods can be applied as necessary and appropriate. For example, NMR can be fapplied to
fadilitate the identification of organic extractables.
While the chromatogpaphic methods screen solutions for organic extracted compounds, atomic
spéctroscopic methods;including atomic absorption (AA), inductively coupled plasma atomif emission
spéctroscopy (ICP-AES), and inductively coupled plasma mass spectrometry (ICP-MS) screen solutions
for] extracted elemeénts which may be associated with either organic or inorganic extractables. Note
thqt ICP analysis is not strictly limited to analysis of inorganic extractables, as several of th¢ elements
typically in€luded in ICP analysis can exist in both organic and inorganic forms (e.g. S, Si, Zn).
A potential shortcoming in the ICP analysis is that it does not reveal the form in which tHe element
exists) This could complicate the toxicological risk assessment of ICP data in certain (b}lt not all)

circumstances. For example, sulphur can be extracted as elemental sulpnur, as the sulphate lon or as a
part of an organic extractable (such as mercaptobenzothiazole). The chemical form of sulphur detected
in an ICP analysis can be necessary to perform the toxicological risk assessment, because the toxicology
of sulphur can depend on its form.

IC can be applied to extractables screening to address extracted inorganic anions (e.g. fluoride, chloride,
sulphate) and low molecular weight organic acids (e.g. acetic and formic acids).

General methods such as NVR and TOC provide estimates of the total amount of extracted substances
but do not provide the identities of the extractables nor the concentrations of individual extractables.

Further discussions around the appropriate analytical strategies and methods for extractables and
potentially leachables screening and profiling are found in References [34] and [48].

© IS0 2020 - All rights reserved 23


https://standardsiso.com/api/?name=43d17ef1169415ea60559a6a84fa56f6

IS0 10993-18:2020(E)

In many circumstances, leachables profiling involves quantifying known and individually targeted
leachables. In this situation, analytical methods suitable for this purpose shall be developed and
qualified. In many cases, the same analytical methods used for screening extractables can be optimized
for the purpose of targeted leachables analysis.

6.4 Structural composition or configuration

As the structural composition or configuration of a medical device material could be relevant to its
biocompatibility, especially in the case of establishing and justifying surrogate devices, it could be
appropriate to establish these device characteristics. Table 5 lists some of the characteristics which

could be rglevant, along with examples of appropriate analytical approaches.
Table b — Possible test methodologies for assessing the structural composition of medical
device materials
Materigl type Characteristic Example methods? Qualitative-| Quantitatiyve
Constituent structure FTIR, Raman Spectroscopy X X
Crystallinity DSC, X-ray diffraction, Raman X X
Configuration, pendant Titration — X
group analysis Spectroscopy (NMR) X X
Configuration, presence of ~|Spectroscopy (IR/UV) X X
double bonds lodine number — X
Configuration, copolymer
characterization Spectroscopy (IR/NMR) X X
Chain configuration, Spectroscopy. (*C NMR) X X
tacticity DSC, TGA X —
Synthetic Chain configuration, Sol-gel'extraction X —
Polymer presence of cross links DMTA — X
Chain branching Spectroscopy (NMR) X X
Configuration Rheology X —
GPC — X
End group analysis — X
Molecular nfass and/or Osmometry — X
moleculaftmass distribution |Static light scattering — X
Solution viscometry — X
Sedimentation — X
Mass spectrometry X X
a2 Not cotpprehensive or exclusive.
NOTE 1 Natural' macromolecules utilized in medical devices include but are not limited to proteins, glycoproteins,
polysacchafides and ceramics. Examples include gelatin, collagen, elastin, fibrin, albumin, alginate, cellulose, fatty acjds

(such as stearic acid), heparin, chitosan, processed bone, coral and natural rubber. These materials could have been
processed, purified and modified to different extents.

NOTE 2 For natural macromolecules, it is essential that the source organism (species) and breed/strain be clearly
identified as a first step.

NOTE 3 The ISO 22442 series covers the safe utilization of animal tissues and derivatives in the manufacture of medical
devices. EN 455-3 covers the assessment of risks associated with protein residues in natural rubber latex.

NOTE 4 Pharmacopoeial monographs (e.g. Ph. Eur./USP/JP) exist for many of these materials, and several ASTM F04
standards also cover the characterization of these materials (see Bibliography).

NOTE 5 For characterization of nanomaterials, see ISO/TR 10993-22.
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Table 5 (continued)
Material type Characteristic Example methods? Qualitative |Quantitative
i X-ray diffraction X —
Crystallographic phases - -
Metals and alloys Electron diffraction X —
Micro/Macro structure Metallography X X
Valency Colourimetric analysis X —
Ceramics Phases X-ray diffraction X X
Microstructure Microscopy — X
Configuration, pendant Titration — X
group analysis Spectroscopy X X
Chain configuration, tactic- |Spectroscopy (}3C NMR) X X
Natural ity DSC X —
macromolecules ]
(s¢e NOTES) Chain configuration, pres- |Sol-gel extraction X —
ence of crosslinks Di-sulphide link analysis — X
Chain configuration, DMTA — X
branching Spectroscopy X X

a | Not comprehensive or exclusive.

NQTE 1 Natural macromolecules utilized in medical devices include\but are not limited to proteins, glyjcoproteins,
polysaccharides and ceramics. Examples include gelatin, collagen, elastin, fibrin, albumin, alginate, cellulosef fatty acids
(sych as stearic acid), heparin, chitosan, processed bone, coral and natural rubber. These materials could have been
processed, purified and modified to different extents.

NJTE 2 For natural macromolecules, it is essential that‘the source organism (species) and breed/strair be clearly
idgntified as a first step.

NJTE 3 The ISO 22442 series covers the safe utilization' of animal tissues and derivatives in the manufactur¢ of medical
devices. EN 455-3 covers the assessment of risks associated with protein residues in natural rubber latex.

NQTE 4 Pharmacopoeial monographs (e.g. Ph. Eur./USP/JP) exist for many of these materials, and severall ASTM F04
stgndards also cover the characterization of these materials (see Bibliography).

NJTE 5 For characterization of nanomaterials, see ISO/TR 10993-22.

6.3 Analytical methods

Anplytical methods usediin chemical characterization generally serve one of two purposes:|screening
sammples for unspecified analytes and testing samples for specified (targeted) analytes. The Iurpose of

a screening analysisTis to reveal analytes present in the sample above a relevant reporting|threshold
(e.g. AET), to estimate the concentration of such analytes, and to secure the identities of such analytes.
The purpose of-a targeting analysis is to accurately and precisely establish the concentration of the
spécified (targeted) and identified analytes in the sample.

Approfriate analytical methods shall be developed and qualified for these purposes, where qufalification
is defined as the process by which a method is established to be suited for its intended use. Prjior to new
method development, existing standards, monographs, scientific articles or other relevant scientific
documents should be consulted to check for existing appropriate test methods. Methods from the
literature could potentially need to be adapted and qualified before use. If suitable methods cannot be
identified, appropriate new methods shall be developed.

As it is generally the case that the potential population of analytes which is addressed by analytical
screening methods is large and diverse, a single method cannot be qualified for all potential analytes
and itis not possible that a single method produces highly accurate and precise concentration estimates
for all potential analytes. Thus, analytical methods used for screening should be qualified, whenever
possible, using a set of surrogate analytes representative of the entire population of possible analytes.
For example, when an analytical method is employed to screen an extract for extractables above the AET,
the method shall be qualified using a set of potential extractables as surrogate analytes. The rationale
for selecting surrogate analytes shall be documented. Potential factors in such a rationale could include
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knowledge of expected substances from material composition, functional group information from MS
or similarity in retention time(s).

Alternatively, a method used to analyse a test sample to establish the levels of targeted analytes is
generally optimized for this purpose and thus while it might sacrifice broadness in scope (which is
critical in screening methods), it does so in a manner that enhances other performance properties such
as accuracy and precision. Because the targeting method targets a small and defined list of analytes,
the qualification of the method addresses the performance of the method specific to each and every
targeted analyte.

The qualifi(‘nfinn of an analvtical method is discussed in Annex E

7 Reparting of the chemical characterization data

The purpgse of a chemical assessment report is to provide information that enables the review| of
chemical fharacterization data and supports the toxicological risk assessment of (this informatipon.
Such repofrts shall clearly state the purpose and objectives of the chemical assessment that has bgen
performed and shall include description and justification for the following:

a) testafrticle (material or medical device) description and details of sample-preparation;

b) analytical methods and extraction conditions (e.g. choice of extractioivvehicles, extraction duratjon
and cjcles, extraction temperature, extraction/sample ratio, agitation method and speed durjng
extragtion);

c) docurhentation of system suitability testing and its outcorie;
d) wvalueffor, and justification of, the reporting threshold:(e.g. AET);

e) qualitative data generated (e.g. extractables' identities, including a description of the identificatjon
procefdure);

f) quantfitative data generated (e.g. extractables’ concentrations, including a description of the
quantfification procedures and providing the classification of the quantitative data as estimated
quantfitative analysis, semi-quantitative’analysis or quantitative analysis);

g) information necessary to estimate clinical exposure to chemicals (e.g. analyte amounts in |ig/
device).

As necesqary and appropriate;”identified substances in the test solutions could be grouped ipto
compound classes, based on‘structural or functional group similarities, to assist in any toxicological
risk assespment.

Chemical pr compositional information or data that is obtained without the device’s sponsor having to
perform testing {€:g” data supplied by a material’s vendor, data available from the chemical literatulre)
can be incJuded\in reports, as relevant and appropriate. Reporting requirements for data obtained frpm
such addifional sources include the same items noted above for sponsor-generated test data buf in
addition worddHnchideadiscusstornrofitsrelevance tothe toxicologicatrisk

In addition to containing the necessary study design-related details and the relevant and appropriate
chemical assessment data, thereby facilitating study review and toxicological risk assessment, a report
should contain sufficient information to establish the appropriateness of the analytical processes
employed. Such information would be relevant to establishing that the analytical procedures were
suitable for their intended use and implemented appropriately at their time of use.

Types of information that can be included in a report to facilitate the toxicological risk assessment and
the review of the analytical data and procedures are listed in Annex G.
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Annex A
(informative)

General principles of chemical characterization

Chemical characterization is the process of obtaining chemical information about a medig¢al device,
relpvant to its biological evaluation and any toxicological risk assessment. Chemical.charactefization of
a npedical device, its components, or its materials of construction involves multiple’processes| including
infprmation gathering and generation, to:

— | establish the device’s material composition and configuration;
— | identify and quantify extractables and/or leachables associated with/the device.

Chemically characterizing a medical device and/or its components.and materials of constrfiction is a
ne¢essary aspect in assessing the biological safety of that medical device.

A.2 The uses of chemical characterization

Chemical characterization can facilitate the biologieal’safety assessment process in one of three ways
by [providing

— | the chemical information that enables a ¢omparison between the medical device in qug¢stion and
clinically established medical devices (establish equivalence),

— | the chemical basis for comparing(the medical device in question to a relevant material standard
(confirm conformance), and

— | the chemical information.that serves as the basis for a toxicological risk assessmeht (enable
assessment).

In fertain circumstancés, the toxicological implications associated with use of a medical devjice can be
asqessed by comparingthe device in question to a clinically established device. In such circumstances,
ch¢mical characterization is important in establishing chemical equivalence between, for exgmple,

— | a proposed-item (materials, component or device) and a clinically established item (see Annex C),
— | afinished and marketable medical device and a prototype device, and

— | @material, component, or medical device after a process, material, application or manyifacturing
X
Llldllgﬁ.

Standards that include requirements for material composition exist for some medical device materials
(e.g. the ISO 5832 series). It is possible that a material complying with such a standard would not
require further chemical characterization to support toxicological or biological evaluation. However,
the conversion of the material into the final form of the medical device can introduce contaminants or
process residues. These can leach from the medical device and be of toxicological concern. Evaluation of
the finished medical device should consider and address such leachables. In addition, physical, chemical,
morphological, and topographical characteristics of a component manufactured with the material may
need to be assessed to determine the overall safety.

Lastly, and in other circumstances, most notably at its inception and in the absence of a relevant
clinically established medical device, the toxicological implications associated with the use of a device,
including its components or materials of construction, can be assessed using a chemical characterization
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approach. Such an approach can include data gathering, data generation (e.g. extractables or leachables
profiles), and data interpretation.

An overview of the chemical characterization procedure outlined in this document and its relationship
to risk assessment is given in Clause 5. The procedure is based on the following considerations.

a)
b)

d)

28

The first step in chemical characterization is establishing contact according to ISO 10993-1.

The extent of chemical characterization (e.g. whether information gathering can be sufficient;
design of extraction studies, if performed) should reflect:

1)
2) th
m
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Furthkr, it should be sufficient to produce the data necessary to establish the biological safety
the mpdical device.
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ishing the configuration of a medical device, by delineating its matetials of construction, is

struction increases the likelihood a device will be biocomgatible and (b) knowledge of
ials of construction could provide the starting point for establishing chemical equivalence
cally established device.
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bh inquiry. In other circumstances, such information can be obtained by appropriate test
device. In any case, processing aids and additives (see Table 3, footnotes b and d) should|
ed as part of this compositional informatien.

ishing the composition of a medicalldevice’s materials of construction is a necessary s
ablishing a device’s biocompatibility, as (a) the composition of the individual materialg

p, and (b) the chemical entities contained in a material of construction can be sources
tables and leachables.

bmpositional data include qualitative data, which describe the composition of a material g

e concentrations)of the material’s chemical constituents. Quantitative information
e necessary to\assess biological safety, as the identity and amounts of the constituents d
edical devige’s materials of construction enables the investigation of the intrinsic toxicity

supportthe biological evaluation of the medical device.

’spme materials, compositional information could be readily available as part of the mate}
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Fuction can serve as the basis forestablishing chemical equivalence to a clinically established
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tablish which chemicals are present in the material, and quantitative data which establiish
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ich constitilent. The data obtained are intended for use by the medical device manufactufer

ial

speciication. As materials such as polymers can have complex formulations, compositio

nal

details should be requested from the supplier of the material. Furthermore, some relevant
information can be available in the published chemical literature (e.g. typical variability
in composition or guidance on possible analytes of interest). In the absence of such details,
appropriate analytical techniques can be applied to a material to obtain compositional data.

Determining the medical device’s potential to release chemical substances under clinical
use conditions can provide the basis for understanding and assessing the device’s potential
safety impact. Although any of the substances in a material or additives used in the process of
manufacturing a medical device could be leached from the device and thereby become bio-available,
it could potentially be necessary to obtain information demonstrating the extent to which the
substances will be leached under the clinical use conditions of the finished product to estimate
the risk arising from them. This can be estimated by conducting extraction studies of the medical
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device. Appropriate extraction conditions should be established, justified and then used

2020(E)

to ensure

that any substance which is likely to be released during finished product use will be released into

the extraction media (see also Annex D). Extractions can be used to determine the total

amount of

extractable materials that is present in the medical device/material (exhaustive extraction) or the
total available amount of extractable material (exaggerated or simulated use extraction) in order

to complete the toxicological risk assessment. Exhaustive extractions are generally
to produce sufficient data for medical devices with prolonged or long-term contact; ex
extractions should only be used for long term contact devices if appropriately justified.
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important aspect of extractables/leachables analysis is the testing of a liquid sample (e
est) to detect, identify, and quantify-solubilized (extracted or leached) substances. For the
foxicological assessment, the analytical test methods will be capable of detecting, identi
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the health of potentially affected individuals in contact with a medical device. However,
rumstances some essential chemical characterization activities, such as identification,
formed. In the absence‘of reliable identification or sufficient toxicological information for
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threshold termed the AET becomes that threshold above whlch an analytical chemlst should produce
that information (concentration and identity) which is necessary for toxicological risk assessment (e.g.
application of ISO 10993-17). A substance that is present in a liquid sample at a concentration below the
AET is established as having an acceptable toxicological risk without further assessment, meaning that
the substance does not have to be accurately quantified or identified.

The AET is notapplicable to analytical targeting methods in which the specified analytes are compounds
with sufficient toxicological safety data to address using ISO 10993-17.

The calculation and application of the AET is discussed in greater detail in Annex E.
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A.4 The role of chemical characterization in biological analysis

The primary objective of ISO 10993 is the protection of humans from potential biological risks arising
from the use of medical devices. This objective is achieved via the biological evaluation of medical
devices, which includes the means (testing procedures) for producing the biological data and the means
of interpreting the biological data in the context of a risk assessment.

Generally, biocompatibility information can be obtained from two types of assessments: (1) chemical
characterization coupled with relevant toxicology data, and (2) biological testing. Generally, risk
assessment should include the proper mix of chemical and biological data, which can vary depending
R i
endpoint in a comparable manner, information from either type of assessment could be used to address
that endppint. However, in vitro tests should be favoured as far as possible (see ISO 10993-2)y In the
event conflicting data is obtained, the biological test (given it has acceptable sensitivity)-should|be
given gredter weight due to its being directly applicable to biological systems.

The generpl category of biological evaluation can be further subdivided into two sub:¢ategories: thpse
types of tdsting that evaluate a systemic effect (i.e. one that depends on systemic distribution of extralcts
or leachates), and those that evaluate local effects (i.e. those that occur in the vicinity of the medical
device). T¢sts that evaluate systemic effects, or endpoints (e.g. systemic toxicity) are more likely to]be
suitably afldressed by chemical characterization than are those tests for localéffects (e.g. irritation gnd
implantatjon effects). Endpoints that have both local and systemic effects (e.g. sensitization) may|be
addressed through chemical characterization, if sufficient toxicology-data exist.

The use of chemical characterization in place of biological testing.should be documented and justifigd.
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Information sources for chemical characterization
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soyrces of information as described in B.2 to B.4 and could include a review’of the available

chd

B.
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|

Knpwledge of a medical device’s material composition is an essential input into a deVicé’s

Genreral

iluation and toxicological risk assessment (see ISO 10993-1 and ISO 10993-17). As de
10993-1:2018, 6.1, the type and amount of characterization data should be densistent

parameters considered relevant to the risk assessment of the medical deyice and shoul
clinical application. Gathering of chemical characterization data could require the use ¢

mical literature.

D

Information from the material supplier

b following information, where available, is useful to specify the material used (e.g. raw
rting materials, processing aids), and the compositienal information is particularly usg

Silastic®, Dacron®, Tetoron®, Pellethane®, Nylon, Teflon®Y.

chemical identifier (e.g. CAS numbler) or systematic name (IUPAC/USAN) (see B.5);

Pellethane(2393-80AE, methylvinylpolysiloxane 0215.

material manufactyrer's specification, including, for example, purity, impurity identities
quality, moleculdroweight, molecular weight distribution, thermal properties, tensile
Rockwell hardmness, bending modulus, conduction of electricity, and others in addit

details©fimaterial composition and formulation (see 5.2) such as Chemical Abstracts Ser
numbers (see B.5.2), mass fraction in percent (%) of each chemical in the formulation, f]
eachichemical constituent, and structure and formula of each chemical;

biological
Scribed in
vith all of
1 consider
f multiple
published

and basic
bful to aid

hnd levels,
strength,
on to the

vice (CAS)
unction of

Formedical grade components ofterr used i medical devices, a detaited description can be

found in material standards [e.g. ASTM F136-13 Standard Specification for Wrought Titanium-6Aluminum-
4Vanadium ELI (Extra Low Interstitial) Alloy for Surgical Implant Applications], and sometimes in

certificates of compliance with regional compendia and relevant global regulations (e.

sta
quantitative risk assessment:
a) [ name of material manufacturer or supplier;
b) | generic material trade name;
EXAMPLE
c)
d) [ product code and number;
EXAMPLE
e)
general parameters described in 5.2;
f)
NOTE
pharmacopoeias.
g)
indirect food additives).
1)

g. REACH,

Silastic®, Dacron®, Tetoron®, Pellethane®, Nylon, Teflon® are examples of suitable products available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of these products.
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B.3 Chemical analyses

B.3.1 General

Further to Clause 6, several modes of chemical analyses are described in B.3.2 to B.3.5.

B.3.2 Non-specific chemical analysis relevant to exposure assessment

Non-specific chemical analyses have been included in some international standards and national
guidelines or standards intended to ensure safety. These methods are generally usable for an imprecise,

first passlesflmaflon Of the chemical hazards of medical devices, though their direct relationsnip to
safety is limited. Some examples are given below:
EXAMPLE[L  OECD Guidelines; Test No. 120[17],

This test protocolllZ] describes the procedure for determining the solution/extractien behaviour| of
polymers fin water at 20 °C at pH 2 and pH 9 and at 37 °C at pH 7. Total organic carbon content (T(C)
analysis i recommended for determining total polymeric species in aqueous phase, Other more specjfic
methods dre also described.

EXAMPLE P JP XVII[21], USP 41[22] or Ph. Eur. Ed. 9[20].

The JP andl Ph. Eur methods (see References [21] and [20]) include test, methods and specifications [for
residue on ignition, heavy metals, extractable substances such as potassium permanganate-reducjng
substances and residue of evaporation. The USP methods (Reference [22]) include test methods 4nd
specificat]ons for acidity/alkalinity, UV absorbance, total organic carbon (TOC), extractable metals,
polymer additives and biocompatibility.

B.3.3 Qualitative analysis

If materidl composition and/or formulation is required but the available qualitative information] is
judged to be incomplete or not available, furtherchemical testing can be necessary. Depending on the
informati¢n needs, qualitative or quantitative-information might be required.

Many of the analytical methods employed'for chemical characterization are capable of both qualitatfive
and quantitative analyses. However, the' purpose of the qualitative analysis is to provide a list] of
identified|chemical constituents in asample. Conversely, the aim of quantitative analysis is to establish
the level pr amount of each individual chemical constituent in a sample, whether the constitupnt
is identified or not. Since a taoXicological risk assessment is typically based on both identity (whiich
establishes the constituent’$7toxic potential) and concentration (which establishes exposure), bpth
qualitative and quantitativ€analyses are important and relevant.

NOTE Semi-quantitative methods can be sufficient for an initial risk assessment, and quantitative methpds
might be npeded when 'a specific risk has been identified (i.e. an inadequate margin of safety found after semi-
quantitative analysis):

B.3.4 Quantitative analysis of specific toxic chemicals for exposure assessment

If qualitative analyses identify chemicals of toxicological concern, then quantitative and specific
analysis should be performed. The specificity, level of sensitivity and limit of quantification of the
analytical method should be sufficient for the required level of risk assessment.

B.3.5 Qualitative and quantitative analytical methods

NMR, attenuated total reflectance/Fourier transform infrared spectroscopy (ATR/FT-IR) and pyrolysis
gas chromatography/mass spectrometry are useful methods for compositional and formulation
analyses. Medical device or material extracts can be analysed by chromatographic methods combined
with appropriate detection techniques (e.g. GC and LC each combined with MS) to identify and
quantify, as appropriate, extracted substances. Inductively coupled plasma (ICP) analysis is useful
for establishing the levels of elements present in extracts or digests of medical devices or materials,
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although this method does not establish the chemical form of the element. Such analytical methods can
be employed so that gaps in material composition and/or formulation are adequately and appropriately
addressed.

B.4 National and international material and/or product standards

Most material and/or product standards specify a quality of material in the standard in relation to the
purpose of use. When the material used in the medical device meets such a standard and when the
category and duration of contact of the device are comparable to those in the standard, giving the title
andnumber of the standard can be sufficient for characterization of the material App]ir‘ahi]i 'y of these

standards for chemical characterization depends on the following factors.

— | Does the standard specify the medical device and its contact and duration?

— | Does the standard specify the material (e.g. specific material, category of ‘material}? If so, to
what extent?

— | Does the standard set any limits on the level of certain chemicals? Ane'such limits compfehensive,
specific, general, or total?

— | Does the medical device or material standardized have a history of safe clinical use?

Thp extent to which these factors are addressed in the standa¥d determines the extent to which their
us¢ can fulfil chemical characterization needs.

NO[TE Use of material standards might not be sufficient'to address the effects that manufagturing and
prdcessing can have on materials when incorporated into the final device. For example, the manufacturing
prdcess for medical devices manufactured out of metallic materials described in national and infernational

magerial or product standards can have a negative influence upon the overall biocompatibility, as fesidues of
cufting oils used during the CNC cutting process cappe insufficiently removed.

B.5 Reporting chemical descriptions of materials

B.5.1 Generic name of material
The generic name should be supplied with references to the specific chemical name.

NO[TE Generic names,can be misunderstood. For instance, “polyester” refers to a class of polymergcomprised
of ¢ster linkages, but is commonly used to refer specifically to poly(ethylene terephthalate).

B.5.2 Other nomenclatures and chemical descriptions of materials

B.3.2.1 General

There‘are several nomenclature systems that specify the materials more exactly.

B.5.2.2 [IUPAC nomenclature and structure formulae of polymeric chemicals

The International Union of Pure and Applied Chemistry (IUPAC) Macromolecular Nomenclature
Commission has published rules for naming polymers[3Zl. Naming and describing polymers according
to the rules present some exact features of polymeric chemicals as defined. It does not give any
information however about the commercially available polymers that often contain some additives.

B.5.2.3 CAS Registry number, USAN, REACH and other registry name and/or number

Chemical Abstract Service (CAS) and United States Adopted Names (USAN) give a specific number and
name respectively to newly developed polymeric chemicals such as contact lens materials. When the
material used has its given CAS No. and/or USAN name, it is easy to discriminate it from similar but not
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identical materials. Concise information on the chemical constituents/ingredients is possibly available
from USAN.

Though the REACH registration number is primarily to demonstrate REACH registration, it provides
a link to the ECHA database which can contain helpful information such as substance identification,
purity, identity and levels of impurities.

B.6 Reporting general information concerning chemical nature of materials

Several parameters are generally usable to specify the chemical nature of the material used. These

paramete
are molec
solubility

NOTE

B.7 Ma

When it can be secured, a master file may be used in the review of a pending-application for market
authorization of a specific medical device. It often contains detailed information about a spec

material f|

allows a tlird party to submit information to a regulatory agency. Aimaster file is useful for support

equivalen
considere

's differ by category of materials. For synthetic polymers, examples of such paramet
ular mass and its distribution, glass transition temperature, melting point, specific-grav|
hnd swelling nature.

The OECD Guidelines, Section 1, Test No. 118:1996 can be useful for synthetic polymers[al.

terial master file

pbrmulation, or its processing, which is used in a medical deyice! It is a reference source t

e of a material or suitability of a material for a specific‘Category of use. Its contents
] to be trade secret or commercially confidential information.
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Annex C
(informative)

Principles for establishing biological equivalence

C.]

As
an
thi
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Genreral

noted in 5.3, it can be appropriate to compare a new or modified medical device (of nat¢rial) with
existing clinically established medical device (material). When the term medical dévicelis used in
5 anney, it is understood that the same concepts are applicable to materials aswell. The purpose of
h a comparison would be to establish whether the new or modified medicalydevice is bjologically

eqtliivalent to the existing medical device since if biological equivalence can\be establishedl then the

exi

C.]
Th

sting medical device’s biocompatibility can be extended to the new or modified medical dg

. Principles of biological equivalence
e concept of biological equivalence consists of the following elements (Figure C.1):

Chemical equivalence: situation where the chemical.characteristics of two materials
devices are sufficiently similar, such that the compesition and processing do not resultin
or different toxicological concerns.

Physical equivalence: situation where the physical characteristics oftwo materials or medi
are sufficiently similar, such that the configauration, morphology, topography (per ISO/TS
and tribology do not result in additional or different biocompatibility concerns.

Material equivalence: situation whekre two materials or medical devices demonstrate chg
physical equivalence.

Contact equivalence: situation-where the intended clinical use of two materials or medid
is sufficiently similar thatthe endpoints of biological evaluation identified in ISO 10993-1
are identical.

Biological equivalenee: situation where two materials or medical devices demonstrate m:
contact equivalence.

Chemical Equivalence Physical Equivalence

©lI

vice.

r medical
hdditional

tal devices
10993-19)

mical and

al devices
:2018,A.1

iterial and

Endpoint Equivalence Material Equivalence

Biological Equivalence

Figure C.1 — Biological equivalence relationship map
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C.3 Process for determining biological equivalence

Figure C.2 describes the process for determining biological equivalence between two medical devices.

Start
A claim of biological
equivalence is desired.

Is there a
End \ No suitable comparator
 — Biological equivalence cannot be material, component or
claimed. Go to Figure 2 (section S.Z.W medical device?
(3.8)
Yes
No
Is there a
sufficient evidence to Gather data on the composition,
verify the biocompatibility ><+———] prior use and safety of
of the com- the comparator
parator?
Yes

Provide evidence to support the
rationale for extrapolation
of conclusions on biocompatibility
from the comparator

Can biological
equivalence be
demonstrated?

End
Biological equivalence can be
claimed. Go to IS010993-1

Figure C.2 — Biological equivalence process map

If biologichlequivalence is established, this satisfactorily completes the biological risk assessment (|)f a
new or modified medical device.

If biological equivalence cannot be established, the biocompatibility of a new or modified medical device
can only be established based on the medical device’s own contact, chemical, physical, toxicological and
biological characteristics.

C.4 Examples of chemical equivalence

The following list of examples is provided to assist with establishing chemical equivalence (according
to 5.3), where the requirements of chemical equivalence are met.

a) The composition or extractables profile of the proposed material is equivalent (i.e. same chemicals
at the same or lower level and no new chemicals) to that of a clinically established material, and
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there are no significant differences in physical, chemical, morphological and topographical
characteristics which could impact the biological safety of the medical device.

NOTE If there are slight increases in any chemicals, it can be reasonable to justify chemical equivalence
within the statistical variability of the semi-quantitative methods being used. Use of calibration standards
across a range of chemistries and concentrations can be helpful to this approach.

A material that is already clinically established in a more invasive exposure is proposed to be used
in a comparable but less invasive application, where less invasive is understood in the context of
ISO 10993-1 as having a shorter duration of contact or a contact category calling for fewer endpoints
to be addressed.

A chemical constituent or residue in a clinically established material is replaced in"the| proposed
material with a chemical constituent or residue whose toxicological safety profileis-no worse than
that of the constituent or residue that it is replacing, assuming similar exposure;

The only difference between a proposed material and a clinically established material |s that the
proposed material has eliminated or reduced the level of an additive/contaminant/residjie present
in the clinically established material.

The only difference between a proposed material and a clinically-established material |s that the
proposed material is produced using processing conditions ¢hat either maintain or feduce the
number and/or levels of extractables in the clinically established material.

A material in a clinically established medical device is'moved to a location in a proposgd medical
device where contact between a potentially affected individual and the material is lesser]ed.

Both the proposed material and the clinically established material meet relevant and rigorous
compositional specifications.
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Annex D
(informative)

Principles of sample extraction
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n generation in the chemical characterization of a medical device and/or its mateyials
on is typically a two-step process in which the medical device or material is extracted 4
t is subsequently chemically analysed to establish the extracted substances. The-goal of

ch as chemical alteration of the extractables). Doing so may provide an‘extractables pro
east as extensive as the medical device’s leachables profile, meaning that the extractah
nimally accounts for the leachables and their levels. Under cértain circumstances (
b extractions), the extractables profile can greatly exaggerate‘the actual chemical releg
hat the extractables represent all possible leachables at their highest possible concentrati
it should be noted that all leachables might not necessarily be present in the extractah
tractables studies which differ significantly from simulated'use conditions in terms of solv
and extraction method might not fully represent everyleachable compound which would
inder simulated use conditions. This should be taken’into account in design of extractal
d determination of when chemical characterizatioftis complete (according to Figure 1).

al characterization is a general term that describes several individual activities with vary

performing an extraction, where the méans of performing an extraction is closely linked
ive of the characterization. Thus, améxtraction to support establishment of the composit
al device is necessarily and appropriately performed differently from an extraction done
tablishment of the medical device’s extractables profile under the device’s typical clinical

there can be four objectives of extractions for a chemical characterization:

brial of construction(digestion, dissolution or exhaustive extraction);

hblish the worst-case extractables profile of a medical device or material as either the td
f extractables in the medical device (exhaustive extraction) or the maximum amount that
racted under defined experimental conditions that exaggerate a device’s clinical condition
xaggerated or accelerated extraction);
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is to produce an extractables profile that equals or exceeds the leachables generated in clinjcal
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(e.g. compositional analysis, extractables profiling), it is clear that there are numergus
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hblish the compositional aspects of the configuration of a medical device or the composition of

tal
an
5 of

to est

blish the extractables profile of a medical device or material under its clinical condition

of

use (simulated extraction);

to correlate chemical data to the results of biological testing performed as described elsewhere in
ISO 10993.

Each of these cases will be considered in greater detail in subsequent clauses with respect to
establishing appropriate extraction conditions that are consistent with the objectives of the case.

Regardless of the type of extraction performed, extraction is a complex process influenced by aspects
including time, temperature, surface area-to-volume ratio, extraction vehicle and the partitioning
behaviour of the substances in the test article relative to the extraction vehicle. In general, the
extraction conditions should not alter the test article, unless justified, as alteration of the test article
could change the amount and/or type of extractables released from the test article. Thus, the material’s
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chemical properties might also need to be considered when selecting extraction vehicles, for example,
to avoid or enhance (e.g. in dissolution studies) solubilisation of the base material.

As stated in ISO 10993-12:2012, 3.8, extraction conditions are expected to be at least as aggressive
as the conditions of clinical use. However, for extractables and leachables studies, avoid using
extraction solvents that can cause significant swelling and/or compromise the integrity of the test
article. Significant swelling can cause reduction of free extraction solvent, which could impact the
concentration of extractables and lead to inaccurate analytical calculations. Regarding evaporative loss
that might occur during extraction, it is not recommended to compensate for solvent loss by adding
additional solvent after extraction is complete; rather, steps should be taken to reduce evaporative
‘iiv'ﬁv"'i Sampre—C€on ""G‘ re—firat—e gelvammavige E—11es gt forlater
calculations on extractables device. Measurement of solvent volumes in order to compensate)for solvent
due to swelling should be done cautiously, given that the amount of solvent that swélls“a fest article
ht be unknown and difficult to measure. In either case, the final extract volume showld bejmeasured
andl reported for later calculations on extractables per device. Furthermore, destructive swelling can
induce material/medical device disintegration and result in particulate debri$}-and extractables and
lealchables that would not otherwise be present; this could potentially interfene-with analysid.

Although choice of extraction vehicles will depend on the specific extraction objectives, it i generally
appropriate for long-term implants that a minimum of two extraction/solvents of differiqg polarity

be|employed; for example, polar and non-polar vehicles consistentswith ISO 10993-12. Fgr medical
deyices with indirect contact, it can be appropriate to use a single(@xtraction solvent that replicates the
expected contacting fluid. In any case, the choice of extraction-vehicle(s) shall be justified.

NO[TE For some regulatory regions, such as the U.S., threesolvents (e.g. polar, non-polar, and semj|-polar) are
redommended for long term implants, unless justified.

Examples of possible extraction vehicles are presented in Table D.1. Inclusion of these splvents in
Talple D.1 serves only as a starting point for solvent vehicles selection and does not constitute 4 complete

justification for their use.
SAFETY PRECAUTIONS — If hazardous solvents are used, occupational health requirements
should be observed.
Table D.1 — Parameters of solvents commonly used for extraction of polymeric mgdical
devices/materials
Solvent? Polarity index[>20] Boiling poinf (°C)P
Pdlar Water? 10,2 100
Dimethyl sulfoxide 7,2 189
Acetonitrile 5,8 82
Semi Polar Methanol 51 65
Acetone 51 56
Ethanold 4,3 78
Tetrahydrofuran 4,0 65
n-Propyl alcohol 4,0 97

a2  These solvents serve only as a starting point for solvent vehicle selection, and their inclusion here does not constitute a
complete justification for their use.

b Not consistently related to solvent polarity (e.g. Reference [49]), but of practical value when solvent is evaporated from
an extract (e.g. in common approaches to NVR in exhaustive extraction).

¢ Physiological saline and aqueous buffer systems such as phosphate buffered saline (PBS) are also considered polar
solvents. Although specific values for their polarity index have not been developed, the presence of relatively small amounts
of dissolved salts is not expected to markedly change their extracting power.

d  Aqueous solutions of ethanol will have polarities between those of pure ethanol and water; their polarity indexes may
be estimated according to Formula (D.1). For example, a 20 % ethanol,, solution will have an estimated polarity index of 9.0.

¢ See Reference [32].
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Table D.1 (continued)
Solvent? Polarity index[50] Boiling point (°C)P
i-Propyl alcohol 39 82
Dichloromethane 3,1 41
Toluene 2,4 111
Cyclohexane 0,2 81
Non-Polar
Heptane 0,1¢ 98
n-Hexane 0,1 69

a2 These Jolvents serve only as a starting point for solvent vehicle selection, and their inclusion here does not constitufe a
complete justification for their use.

b Not coysistently related to solvent polarity (e.g. Reference [49]), but of practical value when solvent is evaporated frpm
an extract (e.g. in common approaches to NVR in exhaustive extraction).

¢ Physiological saline and aqueous buffer systems such as phosphate buffered saline (PBS) are als6)considered pdlar
solvents. Although specific values for their polarity index have not been developed, the presence of relativély small amouhts
of dissolved salts is not expected to markedly change their extracting power.

d  Aqueous solutions of ethanol will have polarities between those of pure ethanol and water; their polarity indexes njay
be estimatgd according to Formula (D.1). For example, a 20 % ethanol,, solution will have anestimated polarity index of 9.0.

¢ See Reference [32].

The polarfty index developed by Snyder was derived empirically from data on mixtures of solvepts
commonly used in chromatography (GC stationary phases and’ LC mobile phases)42l. Other
categorizdtion schemes have been proposed for categorizing solvent extraction power. For example,
Hansenl33 has expanded the Hildebrand solubility paraméter ‘§’[36], attempting to account [for
the effects of dispersion forces, dipole moments, and hydvogen bonding. When Hansen solubility
parameters are available for both material and solvents, thiey can provide an estimation of the degre¢ of
interactioh between materials and solvents; materials;with similar solubility parameters can interjact
with each|other, resulting in solvation, miscibility or'swelling. Either of these scales can contributg to
the rationple for selection of vehicles for extraction in chemical characterization. Stults, et al.[2] have
compiled $ome information on plastic and elastonier compatibility with several common solvents.

The polarity of binary mixtures can be esfintated by taking into consideration the polarity (P) and the
mole fractlion (@) of each solvent of themixturel49] and is calculated as in Formula (D.1):

P

mix

(@pXxPy)+(PpxPg) (0.1)

where

@, i$ the volumedraction of solvent A;
P, i$ the polarity of solvent A;

@y i thévolume fraction of solvent B;

Py isthe polarity of solvent B.

D.2 Approaches to establishing the compositional aspects of the configuration of
a medical device or the composition of a material of construction

The terms composition applied to a material and configuration applied to a medical device address the
same concept in that they both establish what chemical entities are present in the test article and at
what amounts they are present. Although certain non-destructive test methods exist for establishing
composition and configuration, it is typically the case that both require test article solubilisation
followed by chemical testing of the resulting solution. When solubilisation is used, it can be accomplished
in several different manners including digestion or dissolution.
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To establish the elemental composition of a ceramic, metallic or polymeric test articles, digestion using
an appropriate chemical (e.g. strong acid, base or enzyme) is recommended. In digesting the test article,
the chemical form of its constituents is largely disrupted and the constituents are typically converted
to their elemental form. Although the use of digestion is generally not appropriate for assessment
of extractables, it can facilitate the procurement of otherwise unavailable information on material
composition and it establishes the absolute and maximum total pool of elemental entities present in a
test article.

To establish chemical formulation, dissolution is typically applied to polymeric or natural macromolecule
test articles via the use of an appropriate organic solvent and is typically performed to establish the
intpet-organicandforinorganicconstitutentsia—testartiete: e—the—testarticle—is—dissglved with
an|appropriate vehicle, analysis of the dissolution solution is performed. In many cases,\the analysis
is facilitated after the polymer itself has been re-precipitated with an antivehicle and“filtered out.
Although the use of dissolution is not appropriate for assessment of clinical exposure,unless the medical
deyice or material being assessed dissolves in clinical use, it can facilitate the procurement of ptherwise
ungvailable information on material composition and it establishes the absolite total and maximum
popl of constituents in a test article. If this step is undertaken, the possibility of co-precipitation of
comstituents other than the base polymer should be considered.

Posgsible solvent/anti-solvent combinations for common polymers are isted in Table D.2 and can be
foynd in the literaturel28][22][30][31][33][43],
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Table D.2 — Possible solvent/anti-solvent combinations for common polymers

Polymer Solvents? Anti-solvents?
Polyethylene (high density) XyleneP, DecalineP, TCBP Acetone, MeOH, ether
Polyethylene (low density) Toluene MeOH, ACN

Polypropylene (general) Toluene MeOH, ACN
Polypropylene (atactic) General hydrocarbons EA, iPrOH
Polypropylene (isotactic) Xyleneb, Decalineb, TCBP Acetone, MeOH, ether
Polybutadiene Hydrocarbons, benzene Gasoline, alcohols, esters, ketongs
Polyisoprene Benzene Gasoline, alcohols, esters, Ketongs
Polyamides HFIP, Formic acid, DMF, m-cresol MeOH, ACN
Polyurethanes DMF MeOH,ether
Polyesters (except PET) Toluene, chloroform, benzene MeOH, EtOH; iPrOH, ether
PET THF, m-Cresol, o-Chlorophenol MeOH, acetone
Polycarbonate THF, DCM MEOH, EtOH, ACN
Poly(methyl methacrylate) Toluene, chloroform, acetone, THF | Me01}, EtOH, ACN, petroleum ether
Poly(vinyl chloride) Toluene, THF, DMF MeOH, EtOH, hexane, ACN
Poly[vinylidene chloride) THF, dioxane, ketones, butylacetate |~ Hydrocarbons, alcohols, phenolf
Pply(vinyl alcohol) Water, formamide Gasoline, aro;rll(?g}ilco}llsydrocarbons,
Polystyrene Toluene, Zhr:g;(g%'énl\,dcyclohex- MeOH, EtOH, can
Styrenics (ABS) Toluene, acetone MeOH, EtOH, can
Polysulphone THF THF-water gradient
Rubbers Toluene, chlorinated hydrocarbons MeOH, ACN, ketones, esters
Cellulose esters Acetone, esters Aliphatic hydrocarbons

a  ABS =poly(acrylonitrile-butadiene-styrene);
ACN = acetqnitrile;

AE = ethyl dcetate;

DCM = dichjoromethane;

DMF = dimg¢thylformamide;

HFIP = hexgfluoroisopropdnol;

PET = poly(ethylene terephthalate);
TCB = trichjorobenzene;

THF = tetrahydroefuran;

MeOH = metllauul,
EtOH = ethanol;
iPrOH = isopropyl alcohol.

b Performed at high temperature (>130 °C).

Other than this general discussion, this annex provides no additional insights on performing dissolutions
and digestions, as the approaches applied to accomplish dissolution or digestion vary significantly on a
case by case basis.

The concept of an exhaustive extraction is discussed in ISO 10993-12:2012, Annex D. An exhaustive
extraction establishes the maximum amounts of extractables that can be removed (extracted) from the
medical device or material and thus defines the upper bound on the amount of leachables that could
potentially be released by the device or material during clinical use/lifetime. In many circumstances,
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an exhaustive extraction will accomplish the same outcome as digestion or dissolution, but without the
solubilisation of the medical device.

For long-term implanted medical devices, an exhaustive extraction is recommended. If an exaggerated
extraction is used, then its use should be justified. It should also be recognized that if total extractables
from an exhaustive (or justified exaggerated extraction) of a long-term implant medical device exceed
a permissible daily exposure, the extraction kinetics (e.g. to determine maximum daily release) might
need to be evaluated (e.g. by repeated analysis of a simulated extraction over time), or a leachables
study performed, if possible. A toxicologist can be consulted to establish the specific data required to
support risk assessment when there is a need to understand the kinetics of release.

cle under
he level of
than 10 %
o level for
% level is
hction has
alternate

As|defined in 3.15, exhaustive extraction involves sequential extraction of the test art
relpvant extraction conditions and with a relevant extraction vehicle and is achieved when {
ex{racted substance by gravimetric (or other analysis) in a subsequent extraction step is less
of the level of the same extracted substance in the initial extract. Achieving the required 10

ea¢h individual extractable can be analytically and practically challenging (e.gcwhen the 10
below the method’s LOQ); thus, it might be necessary to establish that the 10,9 level of extr
be¢n established by alternate means (e.g. total peak area, TOC, non-volatile“residue). Such

means should be justified. In some cases, the 10 % level cannot be reached in a practical
sequential extractions. In these cases, the analyst should consider an-alternate extraction pr
us¢ of an extraction vehicle with greater extraction power) so that'the 10 % level can be a
a reasonable number of sequential extractions. It can also be po§sible to estimate lifetime

humber of
ocess (e.g.
Chieved in
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the sequential amounts extracted, even if the 10 % levelistot achieved.

Additionally, ISO 10993-12:2012, Annex D, describes a set“of extraction vehicles [methanol, acetone,
isopropanol-hexane (50:50) and hexane] that can be used, as appropriate, in preliminary experiments
whose purpose is to optimize the extraction sequence and discusses the need to use pxtraction
conditions and extraction vehicles (including those.described above) that do not result in 4 chemical
change of either the test article or the extractedichemical entity. Regardless of the specific pxtraction
parameters selected, each step of exhaustive extractions should use uniform extraction parameters.
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means by which the individual gktraction steps in a sequential exhaustive extrdction are
omplished are many and varied. Liquid extraction techniques for polymers span a centurly in terms
levelopment and use and can be‘djvided into two categories “traditional” and “modern”.
hniques, including Soxhlet extraction, boiling under reflux, shake flask extraction, and ponication
widely used even today and-are more or less simple to implement using basic laboratory §pparatus.
the traditional techniques’have been used for an extended period of time, their capabjlities and
formance is well-known’ and well-documented. Nevertheless, they can have significanf practical
rtcomings including-ow extraction efficiencies, long extraction times, and the us¢ of large
hntities of envirenwrentally inopportune extraction vehicles. Such shortcomings are addressed, to
prtain extent, &y, the more modern extraction techniques, including microwave-assisted gxtraction,
préssurized fluid-extraction, and supercritical fluid extraction, which typically employ instrumental
means to inerease the heat and/or the pressure at which extraction occurs or the power of the pxtraction
veliclel26]5 Nevertheless, the fact that the techniques are more “modern” do not make them superior.
The use'of any technique, “traditional” or “modern”, should carefully and fully consider theif technical
angl practical limitations and relevance to the clinical use of medical devices.

From a practical perspective, sequential extraction is facilitated when the extraction sequence consists
of the fewest possible number of extraction steps while not degrading the additives and ingredients.

An exhaustive extraction reveals a test article’s constituents and the levels of these constituents. The
exhaustive extraction addresses extractables and leachables in the sense of a total leaching, meaning
that a profile of exhaustive extractables addresses the clinical use situation of “all constituents
(extractables) are leached in their entirety”. Although such an exhaustive extractables profile can be
relevant to the clinical use of certain medical devices (e.g., long term implants as noted previously), in
many cases the clinical leaching of the medical devices is not exhaustive and thus an alternate extraction
process, such as exaggerated or simulated extraction, produces a more appropriate extractables profile
for the purpose of toxicological risk assessment. Furthermore, clinical use can, in certain circumstances
(such as absorbable medical devices) promote the chemical conversion of constituents into related
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substances such as degradation products or side products. If this same conversion does not occur during
an extraction study (e.g. exhaustive extraction/dissolution), then the exhaustive extraction is not a
fully accurate representation of a potentially affected individual’s clinical exposure to the chemicals
present during the medical device use. In such cases, the knowledge of potential intermediate and final
chemical products, including degradation products, in combination with chemical characterization data
and implantation data might be needed to evaluate the safety of products. Knowledge of degradation
process/products should be incorporated into any related toxicology risk assessment, even if the
degradants are not observed in extracts.

D.3 Exaggerated-extraction-to-estimate-the-worst-case-extractablesprofile-of —

a medical device or material

As stated |n 3.16, extractables are defined as the substances that are released from a medical devicd or
material qf construction using extraction vehicles and/or laboratory extraction conditions. Howeyer,
it is clear that the extraction conditions used to establish configuration and composition are generglly
much moxe extreme than the medical device’s clinical conditions of use, and thusythat extractalles
revealed in compositional studies are less likely to appear as leachables fromythe device under|its
clinical cdnditions of use. Nevertheless, as discussed in Clause 5, the worst<ease assessment of the
leaching of a medical device considers the situation where all ingredients andyadditives leach from the
medical d¢vice in their entirety. Should a toxicological risk assessment of this worst-case establish that
the risk rg¢lated to the total amount of ingredients and additives be acceptable, then the assessment is
essentially complete and the medical device is accepted as being suitable for its intended use with|no
further chlemical testing.

However, |f the toxicological risk assessment establishes that the’'worst-case provided by an exhaustfive
extractior] could represent a safety issue, then a less extreme, more practical exaggerated estimatg of
the medicjl device’s leaching characteristics is necessary and appropriate. Such an estimate is obtaied
by using justified exaggerated extraction conditions that somewhat more closely reflect the clin?cal
conditiong§ of use. Of course, exaggerated extractions'can be useful for other purposes as well, such as
addressing limited and prolonged duration medical devices.

The purppse of an exaggerated extraction.is to produce an extractables profile which is at lepst
as complgte and complex as the worsticase leachables profile. This means that the exaggerated
extractables minimally include all leachables, and that the levels of the exaggerated extractables
meet or ekceed the highest levels reached by leachables. An exaggerated extraction establishes ih a
single extfaction the highest amgunt of extractables that most likely will be released by the medijcal
device or [material as leachables during clinical use. The exaggerated extraction is accomplished|by
using extraction conditions _that’are, in one or more dimensions, exaggerated versus the condition§ of
clinical usg. For example, atrgxaggerated extraction might be performed considering one or more of the
condition§ below:

— At a t¢mperaturetthat exceeds the clinical use temperature (typically referred to as an accelerated
extra¢tion, see.D.4);

— With § duration that exceeds the duration of clinical use;

— With avehicle whose extraction power exceeds that of the solution that mediates the clinical contact
between the medical device and potentially affected individual;

— Atasurface area/volume ratio that exceed clinical use exposure;
— Via the use of exhaustive (sequential) extraction for limited or prolonged contact medical devices.

Devising and justifying exaggerated extraction conditions can be a technically challenging exercise and
great care should be taken to ensure that the scientific basis for the exaggerated conditions is rigorous
and sound. Although certain exaggerating conditions can be appropriate and justifiable for certain
situations, they might not be universally applicable to all situations.
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If an exaggerated extraction cannot be justified or experimentally verified, then its use for producing
chemical information that is the basis of a toxicological risk assessment is not recommended.

When an exaggerated extraction is employed, it is necessary to account for the exaggeration both in
designing the extraction and in interpreting the result of the extraction study. One means of accounting
for the exaggeration is via an exaggeration factor (a numerical factor that estimates the degree to
which an exaggerated extraction amplifies the clinical conditions of use), although other means can
be envisioned and employed. Regardless of the means, the degree of exaggeration is established by
a rigorous assessment of the extraction and clinical use conditions and knowledge of the degree of
exaggeration may be used to adjust the results of the exaggerated extraction to allow for the toxicological
risfassessment-of-the—extractables—Fhusfor—example—ifquantityof-extracted—mediealdevices is
dofibled over that used clinically, or the device contact surface area to contact solution velurne ratio of
thg extraction is doubled this degree of exaggeration should be taken into account when the‘exftractables
data are reported for toxicological risk assessment. It should be noted that greatly exaggeratpd surface
arga/solution volume ratios may not produce proportionally exaggerated extractables profil¢s, making
an|accounting of the degree of exaggeration more challenging. Furthermor€any quantification of
degree of extraction exaggeration should address whether the extractablés’ concentrations have
redched an equilibrium-based plateau (i.e. that sink conditions have been nmiaintained).

O cl cl v
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e to the vast number of various medical devices and usage condjtions within the scg
fument, it is unrealistic to provide specific guidance here. However;points to consider in e
iggerated conditions are outlined as follows.

pe of this
tablishing

Dimmensions to consider when establishing and justifying an éxaggerating extraction vehigle include
pH| (for aqueous vehicles) and polarity (for organic or “erganic-like” vehicles). Considering pxtraction
velpicle pH, it is noted that pH is an exaggerating dimension only for acidic or basic extractables (that is,
theg extraction of neutral or un-ionisable extractablesyis largely unaffected by the pH of the pxtraction
icle). For acidic extractables (e.g. stearic acid), itis generally the case that an extraction vghicle with
higher than that of the clinical contact solution will exaggerate extraction. For a basic etractable
.g. dibenzylamine), it is generally the case that an extraction vehicle with a pH lower than fhat of the
clinical contact solution will exaggerate extraction. A neutral extractable’s accumulation leyel will be
unpffected by pH unless that neutral compound is reactive as a function of pH.
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neutral extractables, extractiofi ¥ehicle polarity can be an exaggerating dimension. Fo
reasing the alcohol content of an extraction vehicle versus the clinical contact solution wi
ult in an exaggerated extraction.

- example,
| typically

The use of temperature as'an exaggerating dimension is addressed in D.4.
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hggerated extractioh conditions should not alter the extractables profile. For exampl
extreme temperabures as a means of accomplishing the exaggeration might result in
fompositionof the extractables or the alteration of the medical device materials (e.g. cur
king, or degradation of the device’s polymeric materials of construction, physical state ch

b, the use
either the
ng, Cross-
ange over

the glass transition temperature), any of which could result in an altered extractables profile

face area),
n doing so

Whenfextraction is exaggerated using multiple dimensions (e.g. both temperature and sur
thg eombined effect of the multiple dimensions should be considered and justified, althoug
can be scientifically challenging.

As altered extractables profiles can be obtained when greatly exaggerated extraction conditions are
employed, it is recommended that exaggerations be kept as small as is necessary, minimizing potential
complicating effects such as degradation. As exaggeration is justified in the context of the circumstances
in which it is employed, determining whether an exaggeration is appropriate or excessive is done on a
case by case basis and it is difficult to provide general guidelines in terms of when an exaggeration
is no longer appropriate and becomes excessive. Nevertheless, highly exaggerated conditions can be
sufficiently extreme that the exaggerated extractables profile becomes poorly correlated with the
clinical use extractables profile. The justification of any exaggeration, but especially a significant
exaggeration should consider the exaggerated extraction’s propensity to chemically or physically alter
the test article and/or the extracted substances, as extractions that alter either the test article or the
extracted substances are not permitted.
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Regardless of the means by which an exaggeration is accounted for, the use of exaggeration

in

toxicological risk assessment should be rigorously justified and documented. While such a justification
could be derived from scientific first principles, it is always the case that the most definitive means of

justifying an exaggeration is to verify the exaggeration with experimental data.

Any exaggeration resulting from the extraction process or the testing of the extracts should be clearly
described to facilitate a proper and accurate safety risk assessment and to ensure that the exaggeration

is properly accounted for in the safety risk assessment.

D.4 Simulated or accelerated extractions to establish clinical use extractables

profiles

The exaggderated extraction produces a practical worst-case assessment of the leaching of'a,medical

device. A{ discussed in Clause 5, should a toxicological risk assessment of this practicaltworst-c
establish that the risk related to the extractables be acceptable, then the risk assessment is essentis
complete ind the medical device is accepted as being chemically suitable for its intended use with
further chemical testing.

However, |f the toxicological risk assessment establishes that the practical worst-case could repres
a risk, then a more realistic estimate of the medical device’s leaching characteristics is necessary 3
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appropriate. This more realistic estimate is obtained by using either simitlated extraction conditipns

that very [losely reflect the clinical conditions of use or accelerated‘extraction conditions which T
durations(that are shorter than clinical use.

The purpgse of a simulated extraction is to produce an extractables profile which closely matches

clinical cape leachables profile. A simulated-use extraction establishes the actual amount of extractah
that will be released as leachables by the medical device.drmaterial during clinical use/lifetime. ]
simulated|extraction is performed in those circumstanc¢es where either the clinical conditions of

cannot be| achieved in the laboratory or when use :0f'the clinical conditions produces a solution

testing which cannot be analytically profiled for leached substances. If the clinical conditions of use

be replicafed in the laboratory and if the resultihg solution can be analytically profiled for leachab
then the vialue of performing a simulated extragtion is lessened and it is reasonable to suggest that

simulated|extraction be replaced with an @ctual leachables study.

The simulated extraction is accomplished by using extraction conditions (i.e. temperature and durati
that mimic the conditions of clinidal) use. Additionally and as appropriate, the simulated extract

can be pefformed with a vehicle whose extraction power equals that of the solution that mediates
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clinical coptact between the médical device and potentially affected individual. The aspect of specify
a simulatipg extraction vehicle has been discussed previously in considering exaggerated extracti
(see D.3). Considering thissaspect more specifically for simulating extractions, guidance can be provi

For examyjle, if the clintical application of the device:

— involvles contact with blood, then a mixture of ethanol in water could be an appropriate simulat

used if justified;

— is such that the medical device communicates with the potentially affected individual via

an

aqueous solution, then the appropriate simulating vehicle is either physiological saline, adjusted
and buffered to a relevant pH, or an appropriate pH adjusted salt solution whose composition is
justified. If the clinical application of the medical device involves contact with numerous solutions
with varying pH (e.g. solution administration sets), then the pH range should be properly bracketed
by two simulating vehicles, one adjusted to a pH of 2 and the other adjusted and buffered to a pH of

10 (see Reference [40]). If the pH range of solutions encountered in clinical use is smaller than t
range, simulating extraction solutions bracketing the smaller range can be used;

his

— is such that the medical device communicates with the potentially affected individual via a solution
with lipophilic properties (e.g. lipid emulsions, drug products containing solubilizing agents such
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as polysorbate 80) then an appropriate simulating vehicle should be identified and scientifically
justified. In many situations, an alcohol/water mixture whose proportion of alcohol to water is
justified, can serve as a suitable simulating vehicle. Reference [38] contains information which could
facilitate the identification and justification of such proportions for certain “organic-like” solutions.

Information on solvents that may be used to simulate body fluids has been published[241[44][47],
Simulating extraction vehicles relevant to either surface-contacting medical devices or devices which
contact tissue/bone/dentin are not specified in this document. Any simulating solvent use should be
established and justified on a case-by-case basis.
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sinpulated extraction. A similar logic applies to prolonged contact durations of 3 d or less
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Ttation during extraction or use of recirculating or flawing extraction vehicles. However, th

ice surface area and infusate volume could be used. In contrast, it will often be difficult
urface area/volume ratio for implanted devices, as it can be difficult to establish the

siologic fluid that contacts the device over its implantation time. Moreover, sequential ex
lerally not appropriate for simulated extractions, with the exception of reusable or multi-u
Fices.

certain circumstances (such as for medical devices with long termi contact duration), a
raction might be performed under accelerated conditions. For, éxample, an accelerated
bht be performed at a temperature that exceeds the clinical usejtemperature and a dura]
rter than clinical use. However, the accelerated extractionshould be performed in such
t the accelerated conditions and the clinical use conditiens subject the device to the
sure (i.e. the same transfer of thermal energy). Additionally, acceleration can be accom

eleration by these approaches can be challenging to,quantify.

certain circumstances, such as when an accelerated extraction can be appropriate to simu
Fation and greater invasiveness of contact,.an analysis that provides information on the
raction might be necessary to establish and justify the proper extraction procedure.

hsidering the acceleration of extraction conditions, it makes little sense to accelerate limit
rations of less than 24 h and in'such cases the actual clinical conditions of use are u

irable to facilitate appropriate extraction.

was the case with ekxaggerated extraction discussed previously, accelerated extraction
uld be fully and rigorously justified. Although certain accelerated conditions might be jus
tain circumstances, the same accelerated conditions or the same justification might not be
bther situations:

s beyond the scope of this document and the current state of good science to provig
dance“on how to devise and justify accelerated extractions and how to calculate appro
tifiable acceleration factors for all medical devices and their clinical conditions of use. Ney
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tifications.

Care should be exercised in the selection of accelerating conditions and the effects of higher temperatures
or other accelerating conditions on extraction kinetics and the identity of the extractables should be
considered carefully if accelerated extraction is used. Proper accelerating conditions are those which
reduce the extraction duration to a value shorter than the duration of clinical use but which do not
result in a chemical modification of the device itself or to the type and amount of extracted substances.
Any model or concept used to establish acceleration or exaggeration factors shall be justified and
documented.
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D.5 Extractions performed for correlating chemical characterization with
biological testing

Generally, there are two reasons for correlating chemical characterization with biological testing:
— to elucidate the chemical cause of a particular biological test result;
— to establish the biological test outcome of a chemical or set of chemicals.

When correlating chemical characterlzatlon most hkely extractables proflllng, w1th blologlcal
testing, it i )
on the sdme extract as so domg will produce the closest and most rlgorous correlatlon The
proper extraction methods for correlating chemical and biological testing are documented] in
[SO 10993-12:2012, specifically in Clause 10 and Annex C. Whenever possible, the exact conditions used
to generatle an extract for biological testing should also be used for generating the extract for chemical
characterjzation. This recommendation is typically easier to achieve for extraction parameters le

as surfacelarea to volume, extraction time and extraction duration. However, it can pg/ntore difficulf to
follow thi§ recommendation when considering the extraction vehicle. As is noted in 1SO 10993-12:20/12,
C.7, “the Vehicles selected as the extraction vehicle (for biological testing) should be suitable for fise
in the spgcific biological test systems”. While such a recommendation ;most certainly facilitates
biological|testing, in certain circumstances it confounds chemical testing, as:an extraction vehicle that
is appropiiate for biological testing might not be amenable to chemica] testing. In such circumstanges,
either a syrrogate extraction vehicle should be found to facilitate the.chiemical testing or the extract|for
biological [testing should be manipulated to make it analytically viable! If a surrogate extraction vehicle
is used, spich a surrogate extraction vehicle should, in addition to being analytically viable, ideglly
have similar extracting properties as the extraction vehicle used for biological testing. If a chemijcal
manipulation (e.g. derivatization) of the extract is used, care 8hould be taken to avoid a chemical chalge
of one or rpore extractables.

IS0 10993-12:2012, 10.3.5, establishes extraction vehi¢les appropriate for biological testing, including:
— polar extraction vehicles such as water, physiological saline, culture media without serum;
— non-pplar extraction vehicles such as freshly refined vegetable oil;

— additional extraction vehicles suech ‘as ethanol/water, ethanol/saline, polyethylene glycol 400
(diluted to a physiological osmoticpressure), dimethylsulphoxide and culture media with serunj.

Several of|these extraction media are readily amenable to chemical testing and thus should be used [for
both bioldgical and chemical’testing when a correlation between the two is desired. Such extractjon
media can| include water, physiological saline, ethanol/water, ethanol/saline and dimethylsulphoxidé.

The otherlextraction vehicles listed previously might or might not be analytically viable from a chemical
characterjzation perspective. If it can be established that such an extraction vehicle is analyticglly
viable from a chemrical perspective, then the same vehicle should be used for both biological gnd
chemical festing=If the vehicle is not analytically viable, then a surrogate vehicle should be used [for
chemical festing.

As the purpose of using the surrogate vehicle is to facilitate the discovery of the chemical agents
responsible for a biological test result, any surrogate vehicle that accomplishes this objective is an
appropriate surrogate solvent. Potential surrogate extraction vehicles that can be employed for
chemical testing and which meet the dual requirements of approximating extracting power and
facilitating analytical testing are given in Table D.3. Although use of these surrogate vehicles does not
ensure that the chemical investigation will be successful, they represent a good starting point for such
an investigation and their use will typically lead to the desired positive outcome. Justification for a
chosen surrogate extraction vehicles should be provided. Justification should include biological testing
that confirms the indicted chemicals are actually causing the biological test failure. It can also be
possible to confirm causality with information from the literature.

It is noted that these surrogate vehicle recommendations are relevant solely for the purpose of
correlating biological and chemical test results and are not necessarily specified for the broader
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purpose of generating an extractables profile for the purpose of toxicological risk assessment. As
the appropriateness of surrogate vehicles can vary somewhat from situation to situation, surrogate
vehicles other than those proposed above may be used if they meet the two criteria noted previously,
that they are amenable to the anticipated chemical testing and that their solvating properties have
been established to be similar to those properties of the extraction vehicles that the surrogates would
replace.

Table D.3 — Potential surrogate extraction vehicles for correlating chemical to biological testing

Extraction vehicle for biological testing Potential surrogate extraction vehicle for
chremmmical testing

Waterf Water
Phjysiological salinef Physiological saline
Ethanol/waterf Ethanol/water
Ethanol/salinef Ethanol/saline
Dipnethylsulphoxidef Dimethylsulphoxide
Cullture medium without serum 1/9 (v/v) ethanol/saline?
Vegetable oil 1/1 (v/v) ethanol/waterb (Reference [25])
Polyethylene glycol 400¢ 1/3 (v/v) ethanol/water¢ (Reference [38])
Cullture medium with serum 2/3 (v/v) ethanol/salined (Reference [38])

a | In general, culture media contain all the elements that most bacteria need for growth, including: a carbon spurce (such
as glucose), water, various salts, and a source of amino acids and nitrogen (e.g. beef, yeast extract). To account] for the salt
coftent of the culture medium, saline is used in the surrogate vehicle: To account for the organic character of|the culture
medium, a 10 % (by volume) portion of ethanol is used in the surrogate vehicle.

b | This recommendation is based on surrogate extractioncehicles specified for, and widely used, with food packaging.
Thjs surrogate extraction vehicle (1/1 ethanol/water) is acceptable for most polymers; however, for polyolefing complying
with 21 CFR 177.1520 and ethylene - vinyl acetate copolymers complying with 21 CFR 177.1350, a surrogatg extraction
vehicle of 95 % or absolute ethanol should be considered.

¢ | Published research has noted that “glycols (such as polyethylene glycol and propylene glycol) are weak folubilizing
ag¢nts and can be simulated by ethanol/watermixtures containing 25 % ethanol or less”. Thus, a 1/3 mixture|of ethanol/
water is recommended as the appropriate simulating vehicle for polyethylene glycol 400.

d | Based on published research, 40 % (By volume) mixture of ethanol/water is considered an appropriatp surrogate
for] blood and blood related substances, which would include serum. Thus the 40 % (by volume) portion of thf surrogate
vehicle (ethanol) is used to accountfor the serum.

¢ | And its associated aqueousumixtures.

f | These vehicles are analytically expedient and can readily be screened for extractables. Thus, surrogate vehcles are not
warranted.

NJTE 1 It cannot be emphasized more strongly that the extraction vehicle examples provided in Table D.3 afe solely for
thg¢ purpose of cotrelating the results of biological and chemical testing. These examples are not meant to be agplied to the
selection and justification of extraction vehicles used for the purpose of extractables or leachables profiling, plthough in
celftain situations these vehicles can be suitable for those purposes. Furthermore, it is noted that while these yehicles can
belapplicable for a large population of medical devices, no leaching vehicle is applicable to every medical device and every
clipicakuse circumstance. Thus, use of these or any other vehicles should be evaluated and justified on a case by case basis.

NJTE.2 Inclusion of vehicles here does not fully justify their use in chemical-biological comparisons.

IS0 10993-12:2012, 10.3.5, Note 1, states that “other extraction vehicles appropriate to the nature and
use of the medical device or to the methods for hazard identification can also be used (for biological
testing) if their effects on the material and the biological system are known”. If these other extraction
vehicles are amenable to both biological and chemical testing then the vehicles should be used for both
biological and chemical testing. If these other extraction vehicles are not amenable to chemical testing,
then a surrogate vehicle should be identified and justified.

Given a potentially differing level of sensitivity for biological versus chemical testing, other extraction
conditions, such as the extracted surface area to extraction solution volume ratio, might need to be
adjusted to facilitate the generation of a useful correlation.
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Annex E
(informative)

Calculation and application of the analytical evaluation
threshold (AET)

E.1 Disfcussion

wn

Analytical methods used to screen an extract for extracted substances should perform fouffunctiors:
a) they dhould detect the extractables;

b) they $hould distinguish between the extractables so that each extractable provides a unique
respopse;

c) they ghould provide information with which the extractable's identity.cai be elucidated;
d) they ghould provide information with which the extractable's conéentration can be established.

Considering chromatographic methods used to screen extracts for organic extractables, the meth¢ds
could be ore capable of detecting extractables than they are\at correctly identifying or accurately
quantifying extractables.

When an ¢xtractable has been detected, it is necessary to“consider the safety impact that extractalple
might have as a leachable. However, if the extractable’s identity cannot be established, a toxicologjcal
risk assespment of this extractable, as described in-ISO 10993-17, cannot be performed. Furthermqre,
if the extijactable is inaccurately quantified, the<pitcome of any toxicological risk assessment can|be
incorrect.

The purpgse of this annex is to address the/’quantitative aspect of extractables screening, specifically
considering the issue of an AET.

Thresholds such as a TTC establish,;a’dose of leachables (and other potentially toxic impurities) below
which therre is insufficient quantity present to elicit toxicity, irrespective of the substance’s identjty.
It is impoftant to note that Seirie highly toxic substances (i.e. cohorts of concern) are excluded frpm
a TTC apgroach and their(resence should be ruled out (see ISO 10993-17) before the AET is applied.
Any specifically targeted analytes of concern for the specific medical device should also be assessed
individually, independént of the AET.

become ideT g
to allow for thelr safety assessment — wh11e substances dosed below the threshold are deemed to
present an acceptably low toxicological safety risk without identification.

The threshold concept can be applied to extractables in the circumstance that extractables are used to
project the worst-case release of leachables from medical devices.

The application of the threshold concept requires that a dose-based threshold (TTC) be converted to
a concentration-based threshold (AET), as such a conversion would facilitate extractables assessment
decisions based on the concentration of the extractable in an extract.

Such an analytical threshold has been termed the AET. By definition, the AET establishes a threshold
for the toxicological risk assessment of extractables or leachables. Extractables whose concentrations
are above the AET should be identified and quantified as a prerequisite for their toxicological risk
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assessment, as there is a sufficient possibility that the extractables could be toxic. On the other hand,
extractables whose concentrations are below the AET do not need to be identified or quantified for
toxicological risk assessment.

Although PDEs for individual metals have been established[12], a dose based threshold (DBT) applicable
to all metals has not been established. Thus, practically speaking, the AET is only applied to organic
extractables or leachables.

The relationship between the AET and frequently encountered analytical limits, such as the limit of
detection (LOD) and LOQ, is as follows. As the AET is a threshold that requires the compound responsible

for
be
thd
the
lev
du

can be used to represent the method’s LOD for all compounds that the methodis suited foj

cle

discernible above the analytical noise (detected) before its source compound can be identi
AET should be greater than or equal to the LOD as an AET lower than the LOD wouldlin
analytical method is incapable of producing analytical responses at the necessany con
els for relevant compounds. Although the LOD might not be determinable for ggmpound
ing the screening process, the LODs of one or more relevant surrogatesnotr internal

hr that if one purpose of the analytical testing is quantification, the AET,should be high

eqtial to the LOQ. However, it is understood that semi-quantitative concentration estimate

in
thy
lov
mi
tha
res
(i.4
ide
no

E.

Th
reg

Th
thy

s that there can be cases where screening studies provide concentration estimates when
fer than the rigorously determined LOQ. Concentration estimates below a method’s establ

ponse contain more complex and/or advanced information than does the process of qua
. quantification can typically be accomplished at‘Cehcentrations lower than those re

be possible to secure an identification for an analyte present in the sample at the AET.

p

Calculation of the AET

uires inputs including:
the frequency and duration'of the medical device’s clinical use;
the various extraction.conditions used to produce the extractables profile;

the uncertainty ofthe analytical method.

A
DBTx—
BC

AET =

Screening cannot meet the rigorous accuracy and precision expectations inherent in ay

bht not be sufficiently accurate to support a valid toxicologicdl risk assessment. Lastly, it i
t the AET is also an identification threshold and that théprocess of identification requirg

ntification). This being the case, it is possible thatthe AET could be above the LOQ but it

b conversion from a dose-based-threshold (e.g. TTC) to a concentration-based thresh

se should
ied. Thus,
icate that
Centration
5 detected
standards
. It is also
er than or

obtained

LOQ and
the AET is
ished LOQ
observed
s that the
htification
juired for
vould still

old (AET)

e duration of the medical device’s clinical use could dictate the actual value used for the dose-based
eshold (e.g.aStaged TTC based on duration)[18] while the frequency of clinical use estat
mdgnitude of¢linical exposure. The AET in ug/ml can be calculated as given in Formula (E.1}):

lishes the

(E.1)

UF

where
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A is the number of medical devices that were extracted to generate the extract;
B is the volume of the extract (measured in ml);

C is the clinical exposure to the medical device (number of devices a user would be exposed to
in a day under normal clinical practice);

DBT is the dose-based threshold (e.g. TTC or SCT) in pg/d (a toxicologist should be consulted in
selecting a specific threshold that can support risk assessment);

UF 1o o ottty Fo ottt ol b i d b S o f forthn S altioa] s ottty A f 4 e
rS—a Rt eeatty rateot—ratr cotrtot u}l}lll\,u to—a ottt Tror—Ttn et atary artarahcertathty o1+

screening methods used to estimate extractables’ concentrations in an extract (see E.3.forf a
discussion on how to determine the proper value to assign to UF).

The extra¢t processing (e.g. any dilution or concentration steps) should be considered duringanalytical
concentrafion calculations and the calculation of the AET value adjusted accordingly.

Several efamples of AET determination are provided in E.4 to illustrate the process.in various settirlgs.
These exgmples use values for various inputs (e.g. UF) that were chosen for illustrative purpopes
and the choice is not meant to imply that the exact value used should be unilaterally applied injall
circumstalnces.

NOTE The application of Formula (E.1) to long term implants could requireknowledge and consideration of
the releasekinetics of the constituents of interest.

E.3 Determination of the uncertainty factor

Quantificdtion in extractables profiling is achieved by various means which differ in the degreq of
certainty |n the estimated and reported concentration..The degree of uncertainty can vary significantly
depending on the quantification strategy employed: ‘For example, quantification in some cases copld
involve thie use of an internal standard to normalize the responses obtained for all relevant analyjtes
and estimptes the concentration of each analyte based on the simplifying assumption that all analyjtes
respond dimilarly, among themselves and with respect to the internal standard. Depending on the
validity of this simplifying assumption, thé concentration estimates thus obtained can have widely
differing fincertainties and degrees of.accuracy. If the simplifying assumption is true and response
factors age constant, then the resulting concentration estimates for all analytes will be highly
accurate. |f the simplifying assumption is false and the response factors vary widely, then the resulting
concentrafion estimates for the"analytes will have widely varying accuracies.

In other cjses, the degree ©funcertainty can be low. For example, if quantification is achieved throygh
the use of|lauthentic stafdards employed in qualified analytical methods, the concentration estimaftes
obtained for the qualified analytes will be highly accurate. Considering quantification via an interpal
standard, fif the simplifying assumption noted previously is true and response factors are constant, then
the resulting concentration estimates for all analytes will also be sufficiently accurate for toxicological
risk assespment(

Other qua
between these two extremes; lower uncertainty than use of an internal standard’s response factor but
higher uncertainty then use of a calibration curve generated with an authentic reference standard. For
example, relative response factors can be obtained for extractables, were the relative response factor is
the ratio of the response of the extractable versus that of an internal standard at equal concentrations
of extractable and internal standard. Use of relative response factors in quantification essentially
accounts for differences in response factors, extractable versus internal standard.

Recognizing that the accuracy of and uncertainty in concentration estimates obtained in extractables
studies can vary, an UF is added to the calculation of the AET to account for the analytical uncertainty
that arises due to the variable accuracy. Use of a UF is the same principle as calculation of a final AET
from an estimated AET (e.g. see Reference [45]).

52 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=43d17ef1169415ea60559a6a84fa56f6

IS0 10993-18:2020(E)

In cases where the analytical uncertainty is known to be acceptably low, a UF value of 1 can be justified.
Examples of these cases are methods with comparable response factors between expected extractables
and applied internal standards in qualified methods for targeted extractables. Otherwise the value of
the uncertainty factor is based on an assessment of the analytical methodology to which the AET is
applied. For example, a UF value of 2 has been proposed[321[45] as being appropriate, in certain situations,
to the screening of extracts for semi-volatile extractables via GC-FID or GC-MS, as analytical FID or MS
response factors for extractables are somewhat consistent, extractable to extractable. Alternatively,
response factors for other analytical methods used for extractables screening, such as HPLC-UV and
HPLC-MS (which are typically applied to non-volatile extractables), may be higher given the frequently
wide variation in response factors among extractables by this methodology. At the current time, there
is ifo available general guidance which recomimends a Specilic value for the UF for these methfods.

atabase of
tractables
ked to the

As
res
for
rel

tatistical approach to establishing and justifying a particular UF is statistical analysjsof'a d
ponse factors specific to the analytical method being considered and the population/of ex
which that method is applicable. In one possible approach, the value of the UF wetild be lin
htive standard deviation of the response factors according to Formula (E.2);

mean/[l—(tXStd)] (E.2)

where

mean is the mean response factor from the reference database;

t is the desired degree of confidence;

std is the standard deviation in the response factor database.
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plying commonly used statistics for normally distributed data, t = 1 would provide 68 % c
1,65 would provide 90 % confidence, t = 2 would provide 95 % confidence, and t = 3 woul
7 % confidence. Note that when the mean-résponse factor is 1 and t = 1, Formula (E.2) si
t proposed by PQRI and Jordi (see References [41] and [46]). There are two implication
nts. First, if the mean response factor is not 1, best practice would be to pick an interna
4t makes it 1. This approach minimizes potential bias in this part of the analytical proces
¢ of t = 1 is a reasonable option.as-it: 1) is consistent with previously published approache
tlually provides a 95 % level.of.confidence, because the distribution of interest is single ta
population outside of thé confidence interval, only the half that would fall below the AET
cern).

d

|

en the variation*in responses factors is large relative to the mean response f:
= 0,9 X mean),the variation in response factors is so large that although a UF can be cald
entific validity“becomes questionable. For example, while a UF > 10 can be calculated, th

UF is as large as 10 (or larger) suggests that the quantification method being used is
ccurate.and thus might not be appropriate for the purpose of toxicological safety risk asse
5 case,an adjusted AET should not be established and the concept of an AET should not be
meéthod.
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In cases where t x std > 1, a UF cannot be calculated, as the result is either infinity or a negative number.
Clearly an analytical method with this much variation in response factors is not suitable for the purpose
of toxicological safety risk assessment.

In any event, the use of the uncertainty factor, and the value of the uncertainty factor that is used,
should always be justified. In some cases where the variation in response factors among extractables
cannot be established or where the variation is established to be large, the value of UF can be so large
(e.g. UF values of 10 or greater) that the AET becomes so low that the AET concept has little practical
value (e.g. the analytical method’s LOD or LOQ are greater than the AET). In such circumstances, use of
the AET cannot be justified and thus the AET should not be applied. In such cases, it can be necessary to
identify and quantify all the compounds associated all observed analytical responses obtained by the
screening analyses.
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