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ISO/TC194 M{A#IEISO 10993 1) — X

ISO/TC194 Biological evaluation of medical devices

WG'\:C?C WG name 1SO 10993 Series

WG1 Approach to biological evaluation and terminology Part 1: Evaluation and testing in the risk management process

Part 9: Framework for identification and quantification of potential degradation products Part 13: Identification
. . . . and quantification of degradation products from polymeric medical devices Part 14: Identification and

wez2 Degradation aspects related to biological testing quantification of degradation products from ceramics Part 15: Identification and quantification of degradation
products from metals and alloys

WG3 Animal protection aspects Part 2: Animal welfare requirements

WG4 Clinical investigations of medical devices in humans ISO 14155 Good clinical practice

WG5 Cytotoxicity Part 5: Tests for in vitro cytotoxicity

WG6 Mutagenicity, carcinogenicity and reproductive toxicity | Part 3: Tests for genotoxicity, carcinogenicity and reproductive toxicity

WG7 Systemic toxicity Paltt 11: Tests for systemic toxicity Part 20: Principles and methods for immunotoxicology testing of medical
devices

o P Part 10: Tests for skin sensitization Part 23: Determination of skin irritation of medical device extracts using

WG8 Irritation, sensitization . .
Reconstructed human Epidermis (RhE)

WG9 Effects on blood Part 4: Selection of tests for interactions with blood

WG10 | Implantation Part 6: Tests for local effects after implantation
Part 7: Ethylene oxide sterilization residuals Part 17: Establishment of allowable limits for leachable

WG11 | Allowable limits for leachable substances substances DTS 21726 Application of the threshold of toxicological concern (TTC) for assessing
biocompatibility of extractable substances from medical devices

WG12 | Sample preparation and reference materials Part 12: Sample preparation and reference materials

WG13 | Toxicokinetics Part 16: Toxicokinetic study design for degradation products and leachables

WG14 | Material characterization Part 18: thmlcal chara_ctenzatlon of materials Part 19: Physico-chemical, morphological and topographical
characterization of materials

WG15 | Strategic approach to biological assessment TR 15499 Guidance on the conduct of biological evaluation within a risk management process

WG16 | Pyrogenicity DTR 21582 Principle and method for pyrogen testing of medical devices

WG17 | Nanomaterials Part 22: Guidance on nanomaterials
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[H4 A k)L :Establishment of allowable limits for leachable substances.
24~ JL: Toxicological risk assessment of medical device constituents.
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Chemical characterization of materials.
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Physico—chemical, morphological and topographical characterization of materials.
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Application of the threshold of toxicological concern (TTC) for assessing
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ISO 10993-1 ERETkR Figure 1

Obtain physical / chemical .
information. Consider ST GO £ Fsies]
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does not apply

43,61 51
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manufacturing Same
process and sterilization geometry and physical
(type/process ‘ properties?
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details)?

data relevant
for dose and route of
exposure?

Is there
either direct or
indirect patient
contact?

Obtain physical /chemical
information. Consider Yes)
material characterization.
(IS0 10993-18)

Same material
same as in marketed
device (i.e. same
formulation)?

Same body
contact and clinical
use?

sufficient toxicology’
data exist for all
chemicals in the
device?

Does the data apply
to chemical mixtures?

(chemical, biological and
physical) for a risk
assessment?

4.6,6.2,7 B.3.1.4,B4.3.2

Derform further evaluation Selection of Testing and/or justification Perform toxicological
nature of materials and biological endpoi for omitting d tests risk
type and duration of contact. (Annex A) (Annex A) (Annex B)

complete
Summary of the systematic approach to a biological evaluation of medical
devices as part of a risk management process
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ISO 10993-1 Annex A (F&A.1)

Endpoints to be addressed in a biological risk assessment

Medical device categorization by Endpoints of biological evaluation
=
3 Z z - g
Nature of body contact Contact duration S 3 = < o @ 3 T 2
o ) ) o c o Q j=3 & (e} e
58 (o] ? S 2§ o o 9 3 ] 3 o] 13 o3 o
E) - = 39 3 3 < 8 I o 2 S 9 3. v @
93 g @, o = S & a e S 3. 8 8 3 = 39 @
SE0§ | 2 |Ex|sc| 8 | E | |3 | B |5 |28 |3 |d8)|¢%
A —limited 3o | = 5 £3 |23 3 b 8 g S 3 3 3 25 5
< 54 2 < F8 8 a ) ] g X, ° ES o = T &
(524 h) Sg | & S 2 | &5 g 5 X o S & & A 3
2 = g = x X
Category Contact (Ezsrﬁlfgggi) ‘3;_ % 3 § < g = ;,-’. g = %
C -Longterm e s <
(>30 d)
A X E = E
Intact skin B X E = E
c X E E E
: A X E E E
Surface medlcal Mucosal B X E E E E E E
device membrane
C X E E E E E E E E E
Breached or A X E E E E E
compromised B X E E E E E E E
surface C X = = E E El = E E E Ef E
A X E E E E E E
Blocdpet B X E E E E E E E
indirect
c X E E E E E E E E E E E E
Externally Tissue/ A X E E E E E
communicating bone/ B X = Ef E E E E E B
medical device dentin c X E E E E E E E E E E E
A X E E E E E E E
Circulating blood B X E E E E E E E E
C X E E E E E E E E E E E E
A X E E E E E
Tissue/bone B X E E E E E E E E
Implant medical C X E E E E E E E E E = E
device A X E E E E E E E E
Blood B X E E E E E E E E E
c X E E E E E E E E E E E E

X means prerequisite information needed for a risk assessment. E means endpoints to be evaluated in the risk assessment.

ISO 10993-1 Annex A (F&A.1)

Endpoints to be addressed in a biological risk assessment

Medical device categorization by !F% E/] 1 P E/],I- #E A% N ;E tion
B - L2 HIERD AFABE
= : z §
Nature of body contact Contact duration S S = ‘,% %) @ o g I & 2
_8 ° » S =B 5 & g Ey 5 3 o) 5 @ o
52 & 2 55 <9 2 2 Es 3 3 2 @ 3 8T 3
S's g 2 g s S & G 2 3 3. by 8 3 5 33 ©
32 s =4 a3 |85 o & E S < 3 & 3 2 a 2
. 3 < ) s &3 93 g o & - o 3 g ® S g o
Acimited | B9 | = | B |5 |28 | 2 | g | & | & |3 |8 |2 |§ |83 | =
(<24 h) Sg | & | § |Sc |28 | g e H s | 3| g | |2 |85 | 3
B prolonged ] Y o = & [ & g = g b
Category Contact (524 h 1030 ¢
oL FEEVENEMFM/IRNAME/ ETERE S/ E S RIEDIEED
30 d) 2%/ = IFEMNATEIETE |57 % I 1]
A X E E E | |
Intact skin B X El = E -
C X E E E EJE}JD
, A X E E E
Surface lmedlcal Mucosal B X E E E E E E
device membrane
C X E E E E E E E E E
Breached or A X E E E E E
compromised B X = B E E E E E
RS c X E E E E E E E E E E E
A X E E E E E E
Bloodlest: B X E E E E E E E
indirect
C X E E E E E E E E E E E E
Externally Tissue/ A X E E E E E
communicating bone/ B X E] B E E E} B E E
medical device dentin c X E E E E E E E E E E E
A X E E E E E E E
Circulating blood B X E E E E E E E E
C X E E E E E E E E E E E E
A X E E E E E
Tissue/bone B X E E E E E E E =
Implant medical C X E} = E E 2 E El E E El E}
device A X E E E E E E E E
Blood B X E E E E E E E E E
C X E E E E E E E E E E E E

X means prerequisite information needed for a risk assessment. E means endpoints to be evaluated in the risk assessment.




SO 10993-18 Figure 1, 2

tart*
Establish contact
(5.2.1)

Assess
contact. Is there
direct or indirect contact between
device and potentially affected
individual?

i
(5.2.2)

Establish the device's

configuration. composition,
and clinical use

(5.3 and Figure 2)

End
150 10993 does
not apply

Isthere a
Clinically established
Gevice with the same configuration
composition, & clinical use? (5.4,
exC, and
993-1)

Establish the device’s hypothetical

ia compositional profiling
(see Figure 2 and NOTE in 5.3.3)

Does hypothetical
worst case chemical release
exceed the safety threshold for any
chemical constituent?

Estimate the device’s actual chemical release via its
extractables profile. Perform a toxicological risk
assessment of all reported extractables per 10993-17.
(see Figure 3)

Yes

Does the
toxicological safety

No Determine the device's actual chemical release via ts
5| leachables profile. Perform a toxicological risk
e extractables present an assessment of all reported leachables per 10993-17.
acceptable health risk? (see Figure 4)

(5.8.2)

ical
information sufficient for a
toxicological d does it
conclude that there is an acceptable.
fiskfrom the leachables?
(5.10.2)

From a chemical perspective, the device
has to present an
acceptable health risk.
Evaluate safety further per 10993-1as
appropriate
(5.11)

From a chemical perspective, the device
has not been established to present an
acceptable health risk.
Evaluate safety further per
150 10993-1 as appropriate. (5.11.2)

*Note that the flowchart can be entered and exited at multiple points (see textof 5.1)

Information Generation
(Analytical Testing)

Toxicology Based
Decisions

Information Gathering
&Evaluation

Generate information (such as compositional
testing) thatis necessary to complete the device
configuration and materials composition (5.3.3)

s there suffcient
information on
‘compasition?

Is there a need
to consider chemical analyses of
extractables or leachables? (See
TE in5.3.3)

Gather information on materias & chemical

information on
composition?

‘manufacturing residuals) to estabish device
configuration & materials composition.
Establish cinical use (5.3.2)

Does
ypothetical worst case

Establish the appropriate:
safety threshold (5.5 and
15010993-17)

Establish the hypothetical worst

case chemical release based on
exposureto al of the device's

chemical constituents (5.6.1)

threshold for any chemical

or consider other
1099317 approaches

From a chemical perspective, the device
has not been establshed to present an
acceptable health is.

Evaluate safety urther per
150 10993-1 as appropriate
(5112)

Froma chemica perspective, the device
has been established to present an
otable health isk.
Evakuate safety further per
150 10993-1 25 appropriate:
(5.11.1)

ISO 10993-18 Figure
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tart*
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(52.1)

PN
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Information Gathering
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End
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*Note that the flowchart can be entered and e

| Generate
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Ve
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Tsthere s
Cinicaly estabish
deice with the same

Gather
information

cinicaluse? (5.4, AmexC,
150 10

Does
ypotheticalworst case

Establish the appropriate:
safety threshold (5.5 and
15010993-17)

Establish the hypothetical worst

case chemical release based on
exposureto al of the device's
chemical consttuents (5.6.1)

threshold for any chemical

(5.62)

Yes

Bustorm exractaties
prrrpe—
(seetioued)

ather
10993.17 spproaches

3 30propn:
(5112)

BEfFIL—hERER

£nd; Chemical Characterization Complete:
Froma chemical perspective, the device
has been established to present an
acceptable health isk
Evakiate safety further per
150 10993-1 a5 appropriate:
(s11.0)




ISO 10993-18 Figure 1, 2

Information Generation Toxicology Based Information Gathering
(Analytical Testing) Decisions &Evaluation

Assess
contact. Is there
direct or indirect contact between

stablish the s
confi fon,
device and potentially affected
individual? (5.3 and Figure 2)

i 5.3.3 Information generation Note

End
150 10993 does
not apply

NOTE As stated in ISO 10993-1, 6.1, “The extent of physical and/or
chemical characterization required depends on what is known about the |
{1 material formulation, what nonclinical and clinical safety and toxicological data
exist, and on the nature and duration of body contact with the medical device.
At a minimum, the characterization addresses the constituent chemicals of the
medical device and possible residual process aids or additives used in its
manufacture.”

threshold for any chemical
constivent?
(5.62)

From a chemical perspective, the device
has to present an
acceptable health risk.
Evaluate safety further per 10993-1as
appropriate
(5.11)

From a chemical perspective, the device
has not been established to present an
acceptable health risk.
Evaluate safety further per
150 10993-1 as appropriate. (5.11.2)

*Note that the flowchart can be entered and exited at multiple points (see textof 5.1)

(5112)

1ISO 10993-18 Table 4

Test methodologies for assessing the structural composition of medical device materials

Material type Characteristic Example methods  Qualitative Quantitative

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 -
Microstructure Microscopy - X
Configuration, pendant group Titration - X
analysis Spectroscopy X X
. . . o Spectroscopy (13C NMR) X X
Chain configuration, tacticity
Natural macro-molecules DSC -
Chain configuration, presence of [Sol-gel extraction X -
crosslinks Di-sulphide link analysis — X
DMTA - X
Chain configuration, branching
Spectroscopy X X




ISO 10993-18 Table 4

Test methodologies for assessing the structural composition of medical device materials

Material type Characteristic Example methods Qualitative Quantitative
Constituent structure FTIR, Raman Spectroscopy X X
Crystallinity DSC, X-ray diffraction, Raman X X

Titration - X
Configuration, pendant group analysis

Spectroscopy (NMR) X X
Configuration, presence of double Spectroscopy (IR/UV) X X
bonds lodine number - X
Conflguraltlonl, copolymer Spectroscopy (IR/NMR) X X
characterization

Spectroscopy (13C NMR) X X
Chain configuration, tacticity

DSC, TGA X -

Synthetic Polymer .

Chain configuration, presence of cross [Sol-gel extraction X -
links DMTA - X
Chain branching Spectroscopy (NMR) X X
Configuration Rheology X -

GPC - X

End group analysis - X

Osmometry - X
Molecular mass and/or molecular mass . N
distribution Static light scattering X

Solution viscometry - X

Sedimentation - X

Mass spectrometry X
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TTC (Threshold of Toxicological Concern)
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100000
Calculated less-than-lifetime TTC yielding <1 cancer in 10° exposed persons
-<38250 based on cumulative dose concept (Haber 's rule) and
9 \ ky lifetime TTC of 1.5 ug
© .
T 10000 & (Including upper boundary to not exceed 3X)
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£
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ICH-M7AVMRIET ATTCLARN)L

< DAY T B AIEIRE (DTS21726 L %)

o L Lo L

1BER=E
(1 g/day)

BET7S—MIKYRHLGENAYES THH-TCTTCT IO—F

NAREL L EYEE
@ N-Nitroso compounds @ Alpha—nitro furyl compounds
@ Strained heteronecluar rings @ Polycyclic amines
@® Heavy metal compounds @ Organophosphorous compounds

@ Hydrazines/triazenes/azides/azoxy compounds

[DTS21726 Section 5.2] The TTC approach does not apply to constituents
belonging to classes that were excluded from the set of constituents used to

originally derive the TTC values [2, 6].

* L2 DB R

e N
. GC-MS ( - GC-MS
* GC-HRMS * GC-HRMS
» Headspace Cl * EI&CI
* EI&CI [ * Library search
* Library search C
. CI” £ H )
H
Volatile
+ Volatile, Semi-volatile ’IJX
e é ):J,O’k éx N
+ LC-UV or CAD | =/
* LC-MS/MS * ICP-MS
e LC-HRMS Non-volatile « |CP-OES
* IC-MS * LC-ICP-MS
S Cloud Libraries + * IC-ICP-MS

<CEFHRME> ThermoFisher Scienfitic




* BB S EFI LI BT

Separation I - I S
— — lon source é

Magnetic sector MS

Single or triple quadrupole MS
Time of flight MS

lon trap MS

Fourier transform MS

Gas chromatography
Liquid chromatography
Capillary electrophoresis

El : Electron lonization Full scan mode
Cl : Chemical lonization Selected ion mode
FD : Field Desorption Multiple reaction monitoring

ESI : Electro Spray lonization

APCI : Atmospheric Pressure Chemical lonization
APPI : Atmospheric Pressure Photo lonization

FAB : Fast Atom Bombardment

MALDI : Matrix-Assisted Laser Desorption lonization

i LA ALEDRIR

ESI : Electro Spray lonization
APCI : Atmospheric Pressure Chemical lonization LC-MS

DEHP : ! loni
analysis APPI : Atmospheric Pressure Photo lonization
El : Electron lonization » GC-MS
10°

103

Molecular weight

Low < Polarity > High
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\LL COMPONENTS ¥ (Extractable)

T, ® AHIAEEF AL-BUER S - Sl
@ L DILFEYEZSEURETHIH

A % (Leachable)
e @ EFRAEHICLLHE (ERLUAEME)
@ EEDIRIELDILEMEZMH

<EFHRMED ThermoFisher Scienfitic
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Total

vaporization
technique
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RO D=5

(B % GC-MS)D

TRACE 1310 GC parameters

Q Exactive GC Mass spectrometer parameters

Liner/Adapter Hot Injection Adapter Transfer line temperature 310°C
Inlet temperature 310°C lonization type El
Inlet module and mode SSL, split (20:1) Electron energy 70 eV
Carrier gas He, constant flow, at 1.0 mL/min. lon source temperature 280 °C
Oven temperature program Acquisition mode Full scan
Mass range m/z 45-600

Temperature 1 40 °C
Hold time 5 min
Ramp 1 rate 15°C/min
Temperature 2 300°C
Hold time 5 min

® o)LV IraEIRLUX
@ FII)Lavkair

@® /5., :Fused Silica Tube, 1 m x 0.15 mm

@® EI / Full scan mode

<CEFHRM> ThermoFisher Scienfitic

Mass resolution(FWHM at m/z 200) 60000

Lock masses m/z 73.04680
m/z 133.01356
m/z 207.03235
m/z 281.05114
m/z 355.06993
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(B4 2 GC-MS) (@

RT: 0.000 - 26.502
1005
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XED ST EH (B2 AE GC-MS)D

B EGC/IMST19f25E, B/ fiEGC/MST146F2EDIZFEIL &Y
TAIVEBY T DEM: ARG RLEELLE >700, HRFXO7 >90, Retention Index f&<3%

Chemical Name TD PY CAS Chemical Formula Re‘lt'tierzgon Unique m/z
1,1,3,3,5,5-Hexamethyl-1,5-bis(2-methylpropoxy)trisiloxane| (o] C5Si3H1503 9.318 207.0324
Acetamide, 2-(azepan-1-yl)-N-(2-benzoyl-4-chlorophenyl)- (o] C6H10NO 9.364 112.0757
1,2-Ethanediol, 1,2-di-4-pyridinyl- (o] 6950-04-5 CBHON2 9.437 109.0760

Hydroxylamine, methyl-(1-phenylethyl)- (o] C8H9 9.688 105.0699

Benzeneethanol, .beta.-ethenyl-| (@] 6052-63-7 C9H9 9.697 117.0699

Benzofuran| (@] 271-89-6 C8H60 9.715 118.0413

5H-1-Pyrindine, 6,7-dihydro-| (o] 533-37-9 C8HON 9.733 119.0730

1H-Pyrrole, 3-ethyl-2,4-dimethyl- o 517-22-6 C7H10N 9.755 108.0808
2-Propenoic acid, 2-methyl-, propyl esterf O (o] 2210-28-8 C4H702 9.928 87.0441
2(1H)-Pyridinone, 3-methyl- (o] 1003-56-1 C5H6N 9.974 80.0495

2-Piperidinone, 1-methyl (@] 931-20-4 C6H10NO 10.086 112.0757
Diamide| (@] 10465-78-8 C3H6NO 10.091 72.0444

Glutaric acid, hexa-1,5-dien-3-yl 3-methylbut-2-yl ester| (e) C6H1102 10.21 115.0754
tert-Butyldimethylsilyl methacrylate] (o] C6SiH1102 10.241 143.0523

tert-Butyldimethylsilyl methacrylate; (o] C6SiH1102 10.355 143.0523

Benzene, 1-methyl-2-propy!- (o] 1074-17-5 C8H9 10.459 105.0699
2,2,4-Trimethyl-1-oxa-2-silacyclopentanone-5 O 20471-80-1 C4SiH9 10.469 85.0468
2,2,4-Trimethyl-1-oxa-2-silacyclopentanone-5 O 20471-80-1 C4SiH9 10.52 85.0468

Ethyl 2-[1,3-bis(4-amino-3-furazanyl)-2-triazenoJacetate| O 297763-49-6 C6H10NO 10.523 112.0757

<CE R4 ThermoFisher Scienfitic
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®1  Analytical Evaluation Threthold (AET) } I

o AET (ug/mL) = DBT (ug/mL) x (A/BC) / UF

307 DBT: Dose Based Threshold (TTC or SCT) mR
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IRTONF—FEFT OB (1SO10993-12)

DB, OfE AR BELGTVLHEES

10.3.10 For materials or devices not expected to dissolve or resorb under conditions
of use, any solvents used in the extraction of a polymeric material or device shall not
cause dissolution of the polymer formulation.

L %
3.8 Extractables (1t #) BEPRfE S KLY BL ULV

Substances that can be released from a medical device or material using extraction
solvents and/or extraction conditions that are expected to be at least as aggressive
as the conditions of clinical use

* £ A& EREBTIEAL

3.4 Exaggerated extraction (¥7&tHfiti) QW 3.5 Exhaustive extraction (f{/EHit)
Extraction that is intended to result in a J§ Extraction conducted until the amount of
greater amount of a chemical constituent 8 extractable material in a subsequent
being released as compared to the | extraction is less than 10 % by
amount generated under the simulated @ gravimetric analysis of that detected in
conditions of use the initial extraction

ERA A5 ADOHF B ERS HRCFMEETEMETEDIN?

ﬁ KK HRENS— RN DS

NG —RET = £ 2855

ADBEEIZRABLZEERIFTIRREGYS5EEEME, BIEH,
BIEESFMLGEDER(LFME) ZHREICRE T HE

MERMBIEE ZIVICER SN S BH| O H A
£EEHR SEE, ST

@ MeOH @ Hexane
@® 2-Propanol @ Di—chloromethane
@ Acetone @ Chloroform

NG —REFTELTRER+2E5EED
AEREEETOEENHHMN?

® THF
@ Acetone/Hexane (3:7)

— VRAVFHBDAHT+2TIE?

Part 12: i EFICZERL TIXLMFAL
Part 18: #8720 #TRF X5 A% (Annex D)
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