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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
non—governrmmmwmmm ; :
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
The main task of technical committees is to prepare International Standards. Draft Interdational Stand
adopted by| the technical committees are circulated to the member bodies for voting:“Publication ag

Internationgl Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is|drawn to the possibility that some of the elements of this document may be the subject of pa
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 10993- was prepared by Technical Committee ISO/TC 194, Biological evaluation of medical devices

This secongdl edition cancels and replaces the first edition (ISO 10993-7:1995) which has been techni
revised.

ISO 10993 tonsists of the following parts, under the general title Biological evaluation of medical devices:
— Part 1] Evaluation and testing within a risk management system

—  Part 21 Animal welfare requirements

— Part 31 Tests for genotoxicity, carcinogenicity and reproductive toxicity

— Part 4] Selection of tests for interactions with blood

—  Part 5] Tests for in vitro cytofexicity

— Part 6] Tests for local€ffects after implantation

— Part 7] Ethylene-oxide sterilization residuals

— Part 91 Framework for identification and quantification of potential degradation products

and
the

ards
an

tent

Cally

—  Part 10— Festsforimitatiorard-skirserrsitization

— Part 11: Tests for systemic toxicity

— Part 12: Sample preparation and reference materials

— Part 13: Identification and quantification of degradation products from polymeric medical devices
— Part 14: Identification and quantification of degradation products from ceramics

— Part 15: Identification and quantification of degradation products from metals and alloys
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— Part 16: Toxicokinetic study design for degradation products and leachables
— Part 17: Establishment of allowable limits for leachable substances
— Part 18: Chemical characterization of materials

— Part 19: Physico-chemical, morphological and topographical characterization of materials [Technical
Specification]

— Part 20: Principles and methods for immunotoxicology testing of medical devices [Technical

Specificationl
Lud J
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Introduction

Requirements for the development, validation and routine control of an ethylene oxide sterilization process for
medical devices are given in International Standards developed by ISO/TC 198. Certain requirements relating
to medical devices for biological testing, selection of tests, and the allocation of devices to categories are dealt
with in a variety of Internatlonal Standards developed by ISO/TC 194 The specmc requwement for ethylene
oxide and ¢ ' brds
delineate p3

rticular reqwrements for b|olog|cal testlng for specmc products.

As noted in|the introduction to 1ISO 11135-1:2007, when determining the suitability of ethylene gxide (EQ|) for
sterilization|of medical devices, it is important to ensure that the levels of residual EO, ethylene ‘chlorohydrin
(ECH) and |ethylene glycol (EG) pose a minimal risk to the patient in normal product use’yTherefore, |it is
important that the use of alternative materials and sterilization processes be considered during product design
and development. EO is known to exhibit a number of biological effects. In the development of this payt of
ISO 10993, |consideration was given to these effects, which include irritation, organ.damage, mutagenicity|and
carcinogenitity in humans and animals, and reproductive effects in animals. Similar consideration was gjven
to the harmful effects of ECH and EG. In practice, for most devices, exposure t6:EO and ECH is considergbly
lower than the maximum values specified in this part of ISO 10993.

Moreover, when the choice for EO sterilization has been made, irrespective of the provisions of this paft of
ISO 10993,| exposure to EO residues should be minimized. Requirements herein are in addition to| the
biological ejaluation and testing requirements for each individually*designed medical device as indicatgd in
ISO 10993-[1. The biological evaluation and testing requirements,“combined with the EO-sterilization progess
residue limits, form the justification that an EO-sterilized device is acceptable for use. Maximum allowpble
residues fof ethylene chlorohydrin (ECH), when ECH .has*been found to be present in medical devices
sterilized with EO, are also specified. Local effects (e.g.~irritation) have been considered and are incorporated
in the tolergble contact limit (TCL) as given in 4.3.5:2)and Annex G for EO, and in 4.3.5.3 and Annex H for
ECH.
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Scope

part of ISO 10993 specifies allowable limits for residual ethylene oxide (EO) andyethylene

H) in individual EO-sterilized medical devices, procedures for the measurement of EO and
hods for determining compliance so that devices may be released. Additional backgroun
ance and a flowchart showing how this document is applied, are also included in the informatiy

sterilized devices that have no patient contact (e.g., in vitro diagnostic’devices) are not cov
of ISO 10993.

E This part of ISO 10993 does not specify limits for ethylene glycol (EG).

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

10993-1:—"), Biological evaluation of medical devices — Part 1: Evaluation and testing
agement process

oductive toxicity

10993-10, Biological evaluation of medical devices — Part 10: Tests for irritation and d
brsensitivity

10993-12, Biological evaluation of medical devices — Part 12: Sample preparation an
brials

10993-17:2002, Biological evaluation of medical devices — Part 17: Establishment of allowal
hable subsStances

hlorohydrin
ECH, and
d, including
e annexes.

bred by this

For dated
referenced

ithin a risk

10993-3, Biological evaluation of medical devices — Part 3: Tests for genotoxicity, carcinogenicity and

elayed-type

| reference

ble limits for

3

T | definiti

For the purposes of this document, the terms and definitions given in 1ISO 10993-1, I1ISO 10993-17 and the
following apply.

3.1
sim

ulated-use extraction

extraction to demonstrate compliance with the requirements of this part of ISO 10993, by evaluating residue
levels available to the patient or user from devices during the routine use of a device with water extraction to
simulate product use

1) To be published. (Revision of ISO 10993-1:2003)
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3.2
exhaustive

extraction

extraction until the amount of EO or ECH in a subsequent extraction is less than 10 % of that detected in the

first extracti

NOTE
extraction ad

4 Requ

4.1

NOTE |
information g

This clause
sterilized wi
sterilization
(ECH) and

choice for

residues sh
present in

considered
EO, and 4.
(Annex ) in
However, {
intravenous|
devices wo
ECH are gi

The require
ISO 10993-

on, or until there is no analytically significant increase in the cumulative residue levels detected

opted is as above.

irements

As it is not possible to demonstrate the exhaustive nature of residual recovery, the definition of exhaustive

Gengéral

nformation on the derivation of the limits in this part of ISO 10993 as well as other important-backgr:
nd guidance relevant to the use of this document is contained in the informative annexes.

specifies maximum allowable residues for ethylene oxide (EO) for each individual medical de
th EO. As noted in the introduction to ISO 11135-1:2007, when determining the-suitability of E(Q
of medical devices, it is important to ensure that the levels of residual EOJsethylene chlorohy
bthylene glycol (EG) pose a minimal risk to the patient in normal product/use. Moreover, wher]
FO sterilization has been made, irrespective of the provisions of this-standard, exposure to
ould be minimized. Maximum allowable residues for ECH, whenxECH has been found tq
medical devices sterilized with EO, are also specified. Local effeets (e.g., irritation) have H
and are incorporated in the tolerable contact limit (TCL) as discussed in 4.3.5.2 and Annex (
3.5.3 and Annex H for ECH. No device limits are specified/for EG because a risk assessi]
dicates that calculated allowable levels are higher than those likely to occur in a medical de
he potential exists for acute haemodynamic and haemolytic effects to occur following r

ild not be expected to produce hyperosmolar solutions. Methods for the determination of EO
enin4.4.

1. For devices sterilized using ethyleng, oxide, attention shall be paid in particular to ISO 109

bund

vice
D for
drin
the
EO

be
een
b for
hent
ice.
apid

administration of hyperosmolar compounds like EG. Ethylene oxide sterilization of medglical

and

ments in this part of ISO 10993 are in addition to the biological testing requirements set o{it in

D3-3

and 1ISO 10p93-10. All applicable requirements of1SO 10993-1 shall take into account the EO residual levgl at
the time of felease for each individually designed*medical device.

Results of the biological assessment of.the device may dictate more stringent limits than those specjfied
in 4.3, which are designed to protect against systemic effects.

4.2 Cateporization of devices

In establisHing the maximum_daily doses of EO and ECH that a medical device is allowed to delivgr to
patients, dejvices shall be zategorized according to the duration of contact.

Devices shall be plaged 'into one of three exposure categories in accordance with ISO 10993-1:—, 5.3:

a) limited expésure (A) — devices whose cumulative single, multiple or repeated use or contact is up to 24 h;
rolonged—expostre—(B)—devices—whose—cumutative—sin e, it te;—orrepeated—ong=term—use or
b | g al IJ (I‘\) al la 1 UI 1 pl P al 1 u
contact is likely to exceed 24 h but not 30 d;
c) permanent contact (C) — devices whose cumulative single, multiple or repeated long-term use or contact

exceeds 30 d.

If a material or device can be placed in more than one duration category, the more rigorous testing and/or
evaluation considerations should apply. With multiple exposures, the decision into which category a device is
placed should take into account the potential cumulative effect, bearing in mind the period of time over which
these exposures occur.

NOTE As it is applied in this part of ISO 10993, “multiple use” is defined to mean repeated use of the same device
type, e.g. dialyser cartridges.
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43.

ISO 10993

Allowable limits

1 General

-7:2008(E)

For each medical device, the maximum allowable doses of EO and ECH delivered to patients shall not exceed
the values given below for the exposure category that the device has been placed into in accordance with 4.2.

The limits for permanent contact and prolonged exposure devices are expressed as maximum average daily
doses. These limits carry additional constraints for the first 24 h of the exposure period and, in the case of the
permanent contact devices, for the first 30 days. These constraints place limitations on the amount of EO and
ECH that can be delivered to the patient during these early time periods. If data are available, consideration

sho
at o
con
ISO
in A
in A

43.

The
not

The
sha

4.3.

The
exc

cern. These concomitant exposure factors (CEF) and proportional exposure factors (PEF)
10993-17. The procedure that was used to establish the allowable limits is described in Anne
hnex H for ECH, and the rationale for considering the establishment of allowable limits for EG
hnex |.

P Permanent contact devices

average daily dose of EO to patient shall not exceed 0,1 mg/d. In addition, the maximum E(
exceed:

4 mgq in the first 24 h;
60 mg in the first 30 d;
2,5 g in a lifetime.

average daily dose of ECH to patient shall nét exceed 0,4 mg/d. In addition, the maximum
| not exceed:

9 mg in the first 24 h;

60 mg in the first 30 d;

10 g in a lifetime.

B Prolonged exposure devices

average daily dose of EO to patient shall not exceed 2 mg/d. In addition, the maximum EO dg
bed:

4 mgq inthe first 24 h;

60"'mg in the first 30 d.

ild be given for proportioning the limits downward if multiple devices with the residue of conegrn are used
ne time, or proportioning the limits upward when device use is only for a part of the exposure period of

re given in
x G for EO,
s described

D dose shall

ECH dose

se shall not

The average daily dose of ECH to patient shall not exceed 2 mg/d. In addition, the maximum ECH dose shall
not exceed:

9 mg in the first 24 h;

60 mg in the first 30 d.

4.3.4 Limited exposure devices

The

The

average daily dose of EO to patient shall not exceed 4 mg.

average daily dose of ECH to patient shall not exceed 9 mg.
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4.3.5 Tolerable contact limits for surface contacting devices and implants

4.3.51

Overview

The tolerable contact limit (TCL) is expressed in units of micrograms per square centimetre for EO and
milligrams per square centimetre for ECH. The unit of square centimetre represents the surface area of the

patient-device interface.

NOTE The intent of this subclause is to prevent localized irritation due to EO or ECH released from the device.
4.3.5.2 Folerable-contactlimitfor EO

Either the HO TCL for surface contacting devices and implants shall not exceed 10 pg/cm? or it shall-ex
negligible irfitation as specified in ISO 10993-10.

4.3.5.3 [olerable contact limit for ECH for surface contacting devices

Either the HCH TCL for surface contacting devices and implants shall not exceed 5 mg/em? or it shall ex
negligible irfitation as specified in ISO 10993-10.

4.3.6 Spegial situations

For multi-dgvice systems the limits shall apply to each individual patientzcontact device.

Residue of EO in intraocular lenses shall not exceed 0,5 pg EO petlens per day, or 1,25 ug per lens. Prg

limits for other intraocular devices are set on the basis of the’mass of the device, with the mass o]

intraocular
materials th
about four t

For blood g
10 mg and

For blood o
maximum a

For devices|
and 9 mg fq

For extraco
allowable E

For drapes
10 pg/cm?
ISO 10993

at contain chlorine may need to be evaluated, as-the level of ECH that results in ocular toxici
mes greater than the corresponding EO level:

ell separators used in patient and donor blood collection, the maximum allowable dose of E
he maximum allowable dose of ECH shall not exceed 22 mg.

Kygenators and blood separators, the maximum allowable dose of EO to patient is 60 mg and
lowable dose of ECH shall net'exceed 45 mg.

used in cardiopulmonary-bypass procedures, the maximum allowable limits shall be 20 mg fol
r ECH.

rporeal blood purifieation devices, the EO and ECH limits specified shall be 4,6 mg/device, bu
O dose for a lifetime may be exceeded.

that are.intended to contact only intact skin, the maximum allowable limits shall be the TC
for EQ~and 5 mg/cm?2 for ECH, or the drapes shall exhibit negligible irritation as specifie
10.

hibit

hibit

rate
f an

ens taken as 20 mg. The acceptability of ECH levels.in intraocular devices made from viscoelastic

Ly is

D is

the

EO

NOTE

appears in Annex F.

The rationale for specifying EO limits for certain devices that are at variance with the general requirements

A flowchart providing guidance for the application of this part of 1ISO 10993 to the determination of EO

residuals in

medical devices is presented in Annex C.
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4.4

4.4.

4.4.

ISO 10993

Determination of EO and ECH residuals
1 General

1.1 Procedure

-7:2008(E)

The procedure for determining compliance with 4.3 consists of extracting the residue from samples,
determining the amount of residue, determining the contact surface of the device, and analysing and
interpreting the data.

4.4.

This
con
inju
typsg
sub
high
stug
Inte
mai

4.4.

Thig
in tq

rotect against exposure to residues, which may be required by local occupational
ty regulations.

1.2 Ethylene oxide

is a flammable gas that is irritating to body surfaces and highly reactive. It is mutagenic
Jitions, has fetotoxic and teratogenic properties, can adversely effect testicular function and d
y to many organ systems in the body. In cancer studies in animals, inhalation exposure prody
s of neoplastic changes including leukaemia, brain tumours~ahd mammary tumours while
cutaneous administration produced tumours only at the site of contact. One investigator h
er cancer and mortality rates in some subpopulations of €xposed workers. However, the result
ies in workers have shown even weaker associations-See References [177], [178] and [181].
rnational Agency for Research on Cancer (IARC) reclassified EO as a human carcinogen (cla|
nly on its mechanism of action. See Reference [78].

1.3  Ethylene chlorohydrin

is a flammable liquid that is irritating.t0,body surfaces, acutely toxic and readily absorbed thro
xic amounts. It has weak mutagenic potential, has some potential to produce fetotoxic and

use of the

al prior to
recautions
health and

inder many
an produce
ced several
ngestion or
as reported
s of several
In 1994 the
ss 1) based

igh the skin
teratogenic

chapges and can produce injury to several organ systems in the body including lungs, kidneys, central
neryous system and cardiovascular'system. It was negative in cancer bioassays in animals.

4.4 Determination of residue

A valid method of extraction and measurement shall be used to determine the amount of EO [and, where
necessary, ECH delivered to the patient.

If ECH is not.detected based on the results of analyses performed using the methods given in either K.4.2 or
K.4J7, no further monitoring for ECH is required.

NOTE Many gas chromatography (GC) methods that use a capillary column instead of a packed columin will produce
EO, [ECH and EG results during a single sample run

The guiding principle in selecting appropriate extraction methods (4.4.6) for the quantitative determination of
EO and, where necessary, ECH is the evaluation of the dose to the patient in order to show compliance with
the requirements set out in 4.3.

Where residues are shown to be within the requirements for products tested by exhaustive extraction, there is
no need to further challenge the device by simulated-use extraction, provided all applicable limits in 4.3 are
met. When exhaustive extraction is used, particular attention shall be paid to the limits expressed for the first
24 h and for the first 30 days in 4.3.

Many analytical methods for these EO-sterilization residuals have been described and are reviewed in the
Bibliography. However, the enormous diversity of materials and methods of construction of sterile medical
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devices may, in certain cases, still present problems in determining residual EO and ECH levels using the
methods given in the Bibliography. Therefore, any method that has been shown to be analytically sound (i.e.
demonstrated accuracy, precision, linearity, sensitivity, and selectivity) may be used, provided that it has been
validated. Annex A contains general validation requirements for gas chromatographic methods.

4.4.3 Product sampling and sample “blank”

4431 Product sampling

the product
Since many
rate of resig
and sent to|the laboratory for analysis. Removal of the product samples from the processed load soon aff
sterilization|cycle is completed and shipment to a laboratory far from the sterilization site or storage in| the
laboratory fpr later analysis can jeopardize correlations of residual levels on the samples with those on| the
rest of the |load. Moreover, if samples cannot be drawn from the load and handled so-that the effect on
aeration conditions for the sample will be negligible, an experiment to establish the relationship between the
sample aeration and load aeration at various seasons of the year shall be carried out.

of these factors influence not only the initial levels of residuals in device components but alsg

Precautiond shall be taken to minimize or control the effects of laboratory conditions on the rate of aeration for
test samplep that have been removed from a product load (see D.1.5). In addition, operator and analyst sdfety
shall be engured. Samples should remain with the product load until the day of analysis or until test samples
are retrieved and immediately frozen. The time between removal of samples from a controlled aeration area
and the beginning of extraction should be held to a minimum. Samples shall be sealed, shipped and stpred
frozen whep analysis is delayed. Samples shall be shipped on dfy-ice on overnight delivery. Dry ice shall
remain in the shipping container throughout the shipment and bedpresent when the package is opened in the
laboratory. [Test samples may also be taken directly from the product load at the desired aeration intervalland
immediately placed into a headspace vial, which is sealed.and then shipped to the laboratory for analysig. As
an alternative, samples may be extracted and the extraction fluid shipped to the analytical laboratory for
analysis. If [the extraction fluid is water, then shipment shall be done such that the fluid is kept at ice-fold
temperaturgs (< 10 °C) until arrival. Testing should becarried out to measure hydrolysis of EO to EG.

Samples to|be analysed shall be placed in a fume cupboard and removed from the packaging. Samples shall
be preparefl according to any applicable.pre-use instructions in the product labelling. Extractions shall be
started as goon as possible after the device has been removed from the packaging or pre-use preparatjons
have been ¢ompleted.

4.4.3.2 Sample “blank”

To ensure that no other sample matrix components with the same retention time as any of the residues bging
determined|are present,.a “blank” sample shall be evaluated for the possible presence of such interfereqnces
by the extraction of @ non-sterilized sample using the identical procedure being applied to the EO-steriljzed
samples. In|the event of materials being extracted from such a “blank” with conflicting or overlapping retention
times in thg GG analysis, chromatographic conditions shall be modified to separate the interfering peak from
the analyte péak, or an alternative analytical procedure shall be used.

4.4.4 Sample/fluid ratios

The volume of fluid used to extract residues from devices, or representative sections of them, shall be
sufficient to maximize extraction efficiency while maintaining detection sensitivity. The nature and size of the
device sample therefore determines what constitutes the optimal fluid volume for extraction. Therefore, to
maximize analytical sensitivity, a minimum amount of extraction fluid should be used depending on the
extraction method required and size of the sample. Devices composed of highly absorbent materials or those
from which residues are extracted by filling may require sample/extraction fluid ratios reflecting increased fluid
volume. In any case, sample/extraction fluid ratios shall not undermine detection sensitivity.
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4.4.5 Extraction time and conditions

The aim of product extraction is to indicate the worst-case amount that could be delivered to the patient in
actual use of the device: on a daily basis for limited exposure items; on a daily and up to monthly basis for
prolonged exposure items; on a daily, monthly, and up to a lifetime basis for permanent contact items. As
indicated in Annexes E and F, exhaustive extraction as described below can be a useful alternative for

permanent contact devices, provided that shorter-term constraints are ensured.

4.4.6 Product extraction

4.4.

O\ o IO,
OVeTVICW

The
dev
acc
use

The
the

Extr
pati
tem

The
vold
poir

Small devices shall be extracted in a suitable coptainer. When a device is too large to be ext

enti
ens

The
prof
com
com
rega

4.4.
Sim
dire

and

Sing
rout]

re are two basic extraction methods used for the determination of EO-sterilization residuals
ces: simulated-use extraction, which is the reference method; exhaustive extraction, which re|
pptable alternative in certain situations. The choice of extraction method shall be based on t
of the device. Examples of suggested extraction methods are shown in Annex K¢

extraction method chosen shall represent the intended use of the product ‘with the greatest
patient and not solely expeditious analysis or to minimize the apparent cancentration of residug

action temperatures and times shall be determined based on the nature of the patient's expos
bnt's duration of contact with the device as described in 4.2 and™4.3. See I1ISO 10993-12 fq
peratures.

analyst is cautioned that for certain devices, simulated-use extraction may result in relatively |
mes. Should this occur it might significantly increase thelimit of detection for the residual ma
t where a determination of compliance with this partof1SO 10993 is compromised.

ety, it may be necessary to extract several representative portions of the device components
ire confidence in the data derived.

ortion of each component, as compared with the total sample mass, should parallel the
ponent to the total mass of the device being tested. An alternative method would be to selec
ponents for testing, subseguent to an evaluation demonstrating that it represented the wors
rd to residual content. The method chosen shall be validated.

~

6.2  Simulated-uséeextraction (reference method)
ulated-use aqueous extraction is the reference method in that it is the only method that prod
ctly comparable to the limits specified in 4.3. These limits are expressed in terms of delivered

ECH to patients.

e itlis\necessary to evaluate the residue levels available to the patient, or other end user, frorn

in medical
presents an
he intended

thallenge to
Is.
ure and the

r extraction

arge elution
terial to the

acted in its
in order to

5e representative portions may be_selected in one of two ways. If several varied materials afe used, the

atio of that
t one of the
t case with

iIces results

dose of EO

N devices in
carried out

ne use, extraction methods that simulate use are required. Simulated-use extraction shall bg

under conditions that provide the greatest challenge 1o the infended use.

For example, many blood-contacting and parenteral devices can be extracted with water by filling or flushing
the blood or fluid path (whichever is appropriate). Samples shall be extracted for a time equivalent to or
exceeding the maximum time for single use, and at temperatures that provide the greatest realistic simulated
challenge.

To determine the dose of EO and, where necessary, ECH delivered to the patient or user over the course of
normal product use, simulated-use aqueous extraction procedures are used.

NOTE The amounts of EO (or ECH) extracted by simulating normal product use are not necessarily similar to the
total product residual content.
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Water (see [92]) is commonly used for the recovery of residual EO, ECH (and EG if there is any concern
about hydrolysis of EO) in simulated-use extractions. Water is used for elution of EO residuals from the
sample rather than to dissolve the sample material itself. If the intent is to simulate product use by filling the
device, the device should be filled so as to eliminate any air pockets: extract devices that are wholly or
partially in contact with the body during use at 37 °C (body temperature); extract devices having no immediate
body contact during use (e.g., hypodermic syringes) at 25 °C (room temperature). See also I1ISO 10993-12. If
the assay is not performed immediately, the extract should be decanted from the sample and sealed in a
poly-(tetrafluoroethylene) (PTFE)-lined, septum-capped vial. The headspace in the vial of any standard
solution or extract shall be less than 10 % of the total volume. The extract can be stored in the refrigerator for
several days (see Annex F) but, where water extraction is used, caution shall be taken, as EO may convert to
EG or ECH (or both) during the extraction period as well as during storage of the extract (see [35]). The

analyst sha
the sample

4463 H

4.4.6.31

Exhaustive

I evaluate the possibility of this conversion to EG and/or ECH at the analysis site when extrad
with water.
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bn, extraction procedures used include thermal-éxtraction followed by headspace gas anal
action procedures, with either headspace gas analysis of the solvent extract, chromatograpH
extract, or preparation of the bromohydrin, derivative of EO which is determined using a n
C detector such as an electron capture.detector.

Residual ethylene oxide

extraction fluids has beencused for the exhaustive recovery of residual EO. Thermal desory
headspace gas analysis,(as described in K.4.3, is an example of a procedure that does not us
uid. When conducted as,described, headspace methods are considered exhaustive since they

recover all of theCresidual EO from the sample. However, headspace methods may no
breferred for intact{esting of large or complex devices. The analyst shall exercise caution in
pf headspace®\ methods when evaluating residue levels in polymer materials such
Imethacrylate).to ensure total recovery of EO.

extraction procedures, selection of a suitable extraction fluid depends on the material compos

ting

extraction represents an acceptable alternative and can provide useful information. It prodyces
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e andyits components. To facilitate complete recovery of EO from the sample, fluids that diss
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material are generally preferred in an exhaustive extraction, provided that interfering substances

ﬂm—mmmﬁmm—mmm—smmm—mmmﬁmmlm

i ith

headspace gas analysis are described in K.4.4 and such procedures may be able to separate EO from
co-extracted interfering chemicals from the sample matrix. Several extraction fluids have been evaluated
through interlaboratory comparison testing, see References [112], [113] and [114].

Prudent analytical procedure dictates that, in the initial analysis of a given material, more than one extraction
procedure shall be used to validate quantitative recovery whenever an exhaustive extraction is to be
performed. For devices containing a relatively small amount of residual EO, the commonly used methods may
not be capable of extracting these small amounts, even after relatively long extraction times.
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4.4.6.3.3 Residual ethylene chlorohydrin

Water is typically used to extract residual ECH from medical devices using methods similar to those described
for determining residual EO.

4.4.7 Data analysis and interpretation

4.4.71 Calculation of amount of residue extracted

The concentration of residue observed in the extracts, Cy, is converted to the amount delivered to a patient, in

milligrams;#gas-fottows:
Resjdue extracted by simulated use may be calculated as follows:
n
Mg =2 (Cen*Ven) (1)
1
Resjdue extracted by exhaustive extraction may be calculated as follows:
n
Mg =D (CopxVer)x =2 ()
1 s
whdre
My is the extract residue, in milligrams;
n is the number of extractions;
Ce is the amount of EO in milligrams perillilitre of extract as derived from the standard cure;
Ve is the extract volume, in millilitres;
my is the entire device mass, in grams;
mg is the mass of sample,.in grams.
NOTE This applies only\if.a portion of the device is extracted.
4.4.7.2 Calculation of average delivered dose, 1y, for comparison to allowable limits in 4.3
For permanentcontact devices, the average delivered dose, M_4q, in milligrams per day, is as follows:
N Q

where
25000 is the number of days per lifetime;
My is the extract residue, in milligrams.

Permanent contact devices shall also meet the prolonged exposure and limited exposure limits as calculated
below.
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For prolonged exposure devices

My

Maqq = >0 (4)

where
30 is the number of days per month;

My is the extract residue, in milligrams.

Prolonged ¢xposure devices shall also meet the Timited exposure Timits as calculated below.

For limited ¢xposure devices:

M,

a Md

®)

dd =

5 Product release

5.1 Geneéral

A product
applicable,
to group de
use (see Ar

For release
used.

5.2 Rele

When dissipation curve data are not available.oen‘a product, the product may be released if it is in complia

with this pa
procedures

5.3 Proc

Dissipation
products, tq

marketplacg¢ according {o-predetermined post-sterilization times and conditions defined by experimg

dissipation

s in compliance with this part of ISO 10993 when it meets\the requirements for EO an
FCH. If sufficient experimental data on residue diffusion kinetics are available, it may be posf
vices for quality assurance testing based on similarity of materials, manufacturing processes
nex D).

of batches of EO-sterilized product, one of the two-methods in 5.2 and 5.3 respectively sha

Ase of products without dissipation.curve data

rt of ISO 10993 and the data were obtained from testing carried out according to approp
delineated in Annex K and meet the requirements for EO and, if applicable, ECH set out in 4.3

edure for product release using residue dissipation curves

curves are used to\estimate the post-sterilization time required for products, or families of sir
reach residue dimits, principally for EO, in compliance with 4.3. Products shall be released tg

curves sa.that the target EO residue levels for the device, as set out in 4.3, are ensured.

product ae

tion coneerns documented in Annex D are to be considered by pooling data from steriliza

d, if
ible
and

| be

nce
fiate

hilar

the
ntal
The
tion

ffer.
also

loads taken| fromyaeration or quarantine storage at different times of the year if aeration temperatures d
Re-sterilizalion”of product and the presence of other EO-sterilized medical devices in adjacent areas shall
be considened-when obtaining experimental data to generate such dissipation curves.

Release of products manufactured and sterilized under controlled conditions, as described in ISO 11135-1,
may be carried out if data are pooled from a minimum of three sterilization lots run at different times.
Dissipation of EO from most materials and devices follows first-order kinetics, i.e. (InN[EO])a (time after
sterilization). A plot of the natural logarithm of the experimentally determined EO concentration against time
after sterilization is linear. Release shall then be based on the time after sterilization when the mean
regression line intersects the maximum allowable residue. This approach may be used for products which are
not sterilized in sufficient quantity (numbers of sterilization runs) for the procedure described below to be
applied, or may be used while the dissipation curve data described is being collected. Various alternative
methods can be used; for example, if dissipation curves are established whereby samples are tested after the
residual limits have been met, interpolation of the dissipation curve can be used to establish the release of the
product after sterilization.
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Regression analysis of pooled data from sufficient time points for at least three lots of the same product to
establish the nature of the dissipation curve will enable product to be released at the calculated upper 95 %
prediction limit, L, for the allowed residue limit for the product. Time-concentration curves for devices made
from combinations of dissimilar materials may not fit this simple pattern over the entire range and may need to
be handled differently.

Formulae for calculating the prediction limit, Ly

Yo— 4a

xo=

b

(6)

whe

All
fro

re

Wh(E

Lp =Xg Tl X

Z(x— xu)2

2 _ 2

b2 n b2XZ(Xi_xu)2

is the calculated average value of the release time corresponding to the EO limit;
is the logarithmic value of the EO limit;

is the intercept of the linear regression line obtained from the plot IN[EO]« time;
is the slope of the regression line;

is the prediction limit for a single individua} of the product;

is the student ¢ value at significance s with n — 2 degrees of freedom;

is the residual variance of the regression line;

is the average of logarithmic EO values;

is the number of values;

is the individual time after sterilization at which measurements are made;

is the average of the times after sterilization;

is the-sum of squares for x (time).

ata obtained-for release of medical devices in compliance with this part of ISO 10993 shall
experiments and data analyses carried out following valid standard operating procedures.

n-sterilization process parameters listed in Annex D are changed, an audit shall be made of

resigue/ When this audit shows an increase in the level of residual EOQ, new residue dissipation

)

be obtained

the product

curves shall

be obtained to ensure product acceptability. When this audit shows a decrease in the level of residual EO,
consideration should be given to the generation of new dissipation curves.

NOTE

ISO

11135-1.
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A.1 General

Annex A
(normative)

Evaluation of gas chromatograms

This annex
measurems

A.2 Back

These requ
use of any
References

A.3 Sym

The symbol

ground

bols

rements are discussed in reference books on GC and should be reviewed by-analysts before
pf the procedures. Also recommended is a review of the articles concerning detection limits,|see
[15], [35] and [74].

S in Table A.1 are used in Figures A.1 and A.2.

Table A.1 — Symbols

Symbol Description
f distance from peak maximum to leading edge of peak
k' capacity factor
R resolution
tailing factor
t retentionytime of the relevant residue peak (EO or ECH)
ta retention time for a non-retained component, such as air, which is
not'retarded in its passage through the column
1, to retention time of chromatographic peaks 1 and 2, where ¢, is EO (or
ECH) and 1, is an immediately adjacent peak
Wy,) Wo respective widths extrapolated to the baseline for peaks 1 and 2 in
the same units as the retention time
Wo.05 peak width at 5 % of height

discusses the minimum requirements for the analytical procedures employed for EO and-ECH
nts. These requirements apply for both packed and capillary GC column systems.

heir

A.4 Minimum requirements

A.41 For these procedures, it is recommended that the following minimum requirements be met for these
parameters (see Figures A.1 and A.2).

Resolution, R, calculated as follows

R=2

(2 -11)

(W +W7)

shall be > 2,0 for peak area or peak height quantitation.

12

(A1)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=a4fbaf9421ac88b638cfd1ff0bd20efd

ISO 10993-7:2008(E)

Alternatively, the following equation may be useful to calculate the capacity factor, &', which shall be greater
than 1,5 for well-resolved peaks:

gLy (A2)

ta
Tailing, 7, given by the following equation, shall be less than or equal to 1,8 for the EO and ECH peaks:

W,
7 Moos (A.3)

2f

A.4f2 Relative deviation of the standard curve (RSD) should not exceed 5 % for EO and ECH for the range
of sfandards used, see References [13] and [14].

RSD =| < |x100 (A4)
A
2 2
2 n n A5
o2 - — (A5)
a=2r (A.6)
n
where

i is the total number of samples evaluated;

)} is the chromatographic peak area orpeak height;

is the mean;

A is the concentration of thé standard;

- is the standard deyiation;

2 is the variance,

§ is the slope-of the least squares regression line for the standard curve.

Thepe critetia are calculated for triplicate analyses of at least three standards prepared to cover the expected
IineTr dynamic range of each of the standard curves used in the analysis of EO and ECH.

A.5 Chromatographic baseline

In addition, it is recommended that the chromatographic baseline return to within 5 % of the initial baseline
between chromatographic runs.

© 1SO 2008 — Al rights reserved 13
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A.6 Resources

The following sources of information are suggested when corrective changes in these analytical procedures
are indicated:

— the manufacturer's manual for the gas chromatograph used;

— the various textbooks on GC.

YA
3 4 N
A
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% ~h 'S
~
L3
Il Wi W, X
H
- |
B t -
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X time
Y detection response
1 injection
2 air peak
3 solvent geak
4  solvent tail
Figure A.1 — Chromatographic separation of two substances
A
1 2
3 s
~ o
A
‘f;
- Wi s
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1 peak front
2  peak tail

3 peak maximum

Figure A.2 — Asymmetrical chromatographic peak
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Annex B
(informative)

Gas chromatographic determination for EO and ECH

B.1 Chromatographic procedures

B.1{1 Preparation of standards

Analysts should establish the stability of the standards they use to calibrate the chromatographic grocedure(s)
usefl and ensure that standards are not used past their established expiry point.

B.112 General

The| following paragraphs outline the procedure for preparation of GC s&tandards. Two alternatives are
comrrjmonly available:

a) |use of prepared standards from commercial sources;

b) |preparation of standards either volumetrically, by diluting knewn volumes of EO gas or gravinjetrically, by
diluting a known mass of liquid EO. In all cases, prepare.a standard curve of peak height of peak area
response versus EO concentration.

NOTE Peak area response compiled by the software of computer-controlled GC instrumentation is morg precise than
meakuring peak height in determining EO concentrations:

Examples of procedures used for the preparation of EO and ECH standards are provided in Annex|J.

B.Z Criteria for validating gas -chromatographic methods

B.2|1 General overview

Marly methods are suitable_for quantitatively analysing extracts for ethylene oxide. A number of prgcedures for
exhgustive extraction follewed by GC for the determination of EO have been described. There gre probably
just|as many unpublished methods for determining residual ethylene oxide. Because of the |diversity in
medical devices,published methods may not be suitable for all devices. Therefore, any method that has been
shown to be analytically sound and meets the performance criteria described in this part of ISO 10993 can be
used.

Analytically sound means that the method demonstrates sufficient accuracy, precision, selectivity, linearity,
ruggedness and sensitivity to determine the specified level of EO in a device which is intended to be analysed
in relation to the residue limits shown in 4.3 and is applicable to the device which is intended to be analysed.

A number of analytical methods for assessing levels of EO and ECH residues have been reviewed from the
literature (see Bibliography). For a more detailed discussion of each method, the original literature should be
consulted. The following are recommended criteria for validating a method.

B.2.2 Accuracy

Accuracy is a measure of the closeness of test results obtained by the test method, to the true value.
Accuracy is expressed in terms of recovery, the measured value expressed as a percentage of the accepted
or true value. It requires the comparison of the test method measurement with a known value. The known
value can be prepared from an analyte of known purity or from spiked samples.

© 1SO 2008 — Al rights reserved 15


https://standardsiso.com/api/?name=a4fbaf9421ac88b638cfd1ff0bd20efd

ISO 10993-7:2008(E)

Spiked samples as the means of determining accuracy can be reported as percent recovery of a known added
amount of analyte in the sample. However, for EO, this method for determining accuracy is extremely difficult
to carry out because of the volatility of this compound. As an alternative, the use of commercially available
certified standards is recommended. Thus, the measure of accuracy becomes the mean measured results
divided by the accepted true value together with the confidence interval. In either case, the percent recovery
can be calculated as

R:Rox100 (B.1)
aort,
where
R is the recovery in percent;
Ry is the result obtained,

aort, | isthe accepted or true value.

Accuracy s:rould be assessed using a minimum of nine determinations over a minimum of three concentrgtion

levels covelling the specified range (i.e. three replicates each at three different coneentrations).

B.2.3 Pregision

B.2.3.1 Overview

Precision is|the measure of how close the data values are to each~other for a number of measurements upder
the same anpalytical conditions. Precision contains three comporients: repeatability, intermediate precision|and
reproducibiljty.

B.2.3.2 Rppeatability

Repeatabilify can be assessed using a minimum of nine determinations covering the specified rangg of
standards ysed (i.e., three replicates each-at three different concentrations). Data generated from method
accuracy ag in B.2.2 above can be used forrepeatability assessment.

Repeatabilily can be calculated as the relative standard deviation (coefficient of variation) of the peak arep as
specified in|Equation (A.4).

The % RSD for EO and E€H/should not exceed 5 % for the range of the standards used. The % RSP is
calculated gs described imA#4.2.

B.2.3.3 Intermediate precision

Intermediatg precision can be assessed by establishing the effects of random events on the precision of the
analytical p'n(“Pdler anmplpe of random effects include dayq nnnlyqfc pqnipmpn’r, etc_1t is not neceskary

to study these events individually. The use of an experimental design (matrix) is encouraged.

As a minimum, data generated as described in B.2.2, accuracy, for two separate events is recommended to
indicate the intermediate precision of the test method. The standard deviation, relative standard deviation
(coefficient of variation), and confidence interval should be reported.
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B.2.3.4 Ruggedness/reproducibility

The ruggedness of an analytical method is the degree of reproducibility of test results obtained by analysis of
the same samples under a variety of conditions, such as different laboratories, different analysts, different
instruments, different lots of reagent, different elapsed assay times, different assay temperatures, different
days, etc. Ruggedness is normally expressed as the lack of influence on the test results of operational and
environmental variables of the analytical method. Ruggedness is a measure of reproducibility of the test
results under the variation in conditions normally expected from laboratory to laboratory and from analyst to
analyst.

Since the method of validation would be performed in an individual laboratory to introduce a new column or
new method, this part of the validation can be done by a combination of different analysts, different days,
diffgrent instruments, etc. Reproducibility is not normally expected if intermediate precision is“acgomplished.
Thelinterlaboratory studies are not important in this part.

B.2{4 Linearity
Lingarity is a measure of the correlation between the method response and the.concentration of the analyte.
Lindarity should be established across the range of standards used. Regression analysis of thhe standard
congentration versus peak area or peak height should be performed using @minimum of five concentrations.

The| analyst should determine the linearity of the calibration data, alohg with the reproducibility pf the slope
and|intercept. The minimum correlation coefficient for the standard-clirve should be 0,95.

B.2[5 Method detection limit (MDL)

B.2J5.1 Overview
The] method detection limit is the smallest amount_that can be detected with a reasonable confldence. The
detgction limit can be determined by the analysis of samples with known concentrations of anglyte and by
estgblishing the minimum level at which the ahalyte can be reliably detected.

Thefe are many ways to determine the'method detection limit. Approaches other than those listed below may
be gcceptable.

B.2/5.2 MDL based on signal-to-noise
Detérmination of the signal<to-noise ratio is performed by comparing measured signals from samples with

known low concentrations’ of analyte with those of blank samples and establishing the minimum c@ncentration
at which the analyte'can be reliably detected. A signal-to-noise ratio of 3:1 is generally accepted.

B.2J5.3 MDL\based on the standard deviation of the response

To determine the method detection limit, make a known standard of the analyte of interest near the estimated
MDL and'determine the standard deviation for seven injections of the standard.

MDL =5 x ¢ (B.2)
where

s is the standard deviation of injections;

¢t is the student ¢ value at n — 1 degrees of freedom at the 99 % confidence level.
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B.2.6 Quantitation limit (QL)

B.2.6.1 Overview

The quantitation limit is generally determined by the analysis of samples with known concentrations of analyte
and by establishing the minimum level at which the analyte can be quantified with acceptable accuracy and
precision.

There are many ways to determine quantitation limit. Approaches other than those listed below may be
acceptable.

B.2.6.2 QIL based on signal-to-noise
Determinatipn of the signal-to-noise ratio is performed by comparing measured signals from_samples [with

known low ¢oncentrations of analyte with those of blank samples and establishing the minimum concentration
at which thg analyte can be reliably quantified. A signal-to-noise ratio of 10:1 is generally accepted.

B.2.6.3 QI based on the standard deviation of the response
The quantitation limit can be expressed as

QL = bxMDL B.3)
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Annex C
(informative)

Flowchart and guidance for the application of this part of ISO 10993
series of standards to the determination of EO and ECH residuals
in medical devices

C.1 Background

Thig annex provides guidance on the application of certain parts of the ISO 10993 series-to the biological
evaluation of medical devices that have been sterilized with ethylene oxide (EO). This annex primarily
addfesses the application of this part of ISO 10993, but limited guidance is also given’ for other |parts of the
ISO| 10993 series.

Thig part of ISO 10993 specifies the requirements for establishing allowable limits for EO rgsidues and
analytical procedures to show that an EO-sterilized device is in compliance-with the allowable limits. Maximum
alloyvable limits for ethylene chlorohydrin residues where ECH has been found to be presenf in medical
devices sterilized with EO are also specified. No exposure limits are-set for ethylene glycol because risk
assg¢ssment indicated that when EO residues are controlled, it isanlikely that biologically significant residues
of HG would be present. Dose to patient is the basis for establishing the allowable limits and the reference
method for showing compliance with this part of ISO 10993. The second paragraph of the Introdliction notes
that| alternative materials and sterilization methods should‘be considered during product develppment and
design to minimize exposure to EO residues.

In gddition to meeting the requirements of this partof ISO 10993, an EO-sterilized device mugt meet the
biolpgical testing requirements of the other parts_of the ISO 10993 series. The requirements of thg other parts
of the ISO 10993 series should also be considered.

Thefe are certain circumstances (e.g., major surgery) where the lifesaving nature of the therapy [significantly
altefs the risk-benefit analysis of the use of an EO-sterilized medical device. The exposure limits [given in 4.3
are pased on risks and benefits associated with less critical circumstances. In consequence, therelis scope for
relakation of the proposed limitstin life-threatening situations where it is not possible to meet the specified
limits.

Thig annex includes a flow/chart that is intended to assist a user in understanding the steps necessary to
apply this document~The flow chart shows the decision points and provides guidance for choosing the
appflopriate actions where alternatives are given in the document. Some of the guidance rg¢presents a
pragtical means 6f-applying the document to different products based on factors such as: nature ¢f exposure;
durgtion of exposure; frequency of use; special situations of use (e.g., as cited in 4.3.6); product sige. The flow
chaft is supplemented by more detailed text. In addition, Table C.1 provides a succinct summary of the
alloyvablellimits for medical devices in various categories.

Sublkcladuse 4.4 gi\/nc the rnqnirnmnnfe for dnfnrmining EQ and ECH rncidunc, and nnnlyfir‘nl pro cedures are
described in Annex B. Extraction conditions for the determination of residual EO are given in Annex E.
Guidance on developing an appropriate simulated-use extraction procedure is given in C.3. This enables
users to develop and document the rationale for an appropriate simulated-use extraction procedure for their
EO-sterilized products.

The analytical laboratory should work with the device manufacturer to demonstrate that the simulated-use
extraction is carried out under conditions that provide the greatest challenge to the intended use. Product use
simulation should be carried out assuming that the device is assigned to the most stringent category probable
for the duration of exposure and should take into consideration both tissue(s) exposed and temperature of
exposure.

This text should be used in conjunction with the flow chart in Figure C.1.

© 1SO 2008 — Al rights reserved 19


https://standardsiso.com/api/?name=a4fbaf9421ac88b638cfd1ff0bd20efd

ISO 10993-7:2008(E)

Table C.1 — Summary of allowable limits for EO and ECH (limits per device)

Device category EO ECH
Limited
(<24 h) 4 mg 9 mg
Prolonged
(> 24 h < 30 d) 60 mg/30 d 60 mg/30d
Permanent I I
(> 30 d) 2,5 gllifetime 10 g/lifetime
T : T k: Ilt t :;Ill;t
T (UTEUL) ik 10 pg/cm? or negligible irritation 5 mg/cm? or negligible irritatign
0,5 pg/lens/d
Intraocular lens 4 x EO limits suggested
1,25 ug/lens
Bloodgl cell separator (apheresis) 10 mg 22-mg
Blood oxygenators 60 mg 45 mg
Cardippulmonary bypass devices 20 mg 9 mg
Blood purification devices (hemodialysers) 4,6 mg 4,6 mg
Drgpes contacting intact skin 10 ug/cm? or negligible irritation 5 mg/cm? or negligible irritatign
C.2 Guidance

C.21 Usg of alternative materials and sterilization methods.shéuld have been considered during product

development and design with the aim of minimizing exposure-to residues. The rationale and basis for
decision shpuld be documented.

C.2.2 If tHe device has no patient contact 2), this partof ISO 10993 does not apply.3)
C.2.3 If this is a multi-device system, the limits-apply to each individual patient-contact device.

C.2.4 If the device is in a special category, the following apply.

a)

b)

If the device is an intraocular lefis;the limits are 0,5 pg/lens/d, not to exceed 1,25 ug total 4). Limit
other iptraocular devices can~be prorated on the basis of the mass of the device, with the mass ¢
intraoclilar lens taken as 20-mg. When EO residues are controlled as specified for intraocular device
is unlikely that significant-amounts of ECH will be present. This may not be true for intraocular dev
made from viscoelastic materials that contain chlorine. In such cases, References [44], [118], [119]
[120]) indicate that the level of ECH that results in ocular toxicity is about four times greater than
onding EO,Ylevel. This should be taken into consideration when evaluating the acceptabilif
els associated with these devices.

If the d

this

5 for
f an
s, it
ices
and
the
y of

residuess-

respectively. If these limits are exceeded, simulate product use to determine EO residues by extracting

the device at 37 °C for up to 24 h, but not less that 1 h. (see C.3.2 and C.3.3). If EO from simulated
exceeds 10 mg and/or ECH from simulated use exceeds 22 mg, reduce EO and/or ECH; otherwise,

vice'is a blood cell separator used in donor and patient blood collection, determine EO and E

use
the

EO and ECH residue requirements for this device are met, provided the requirements noted in footnote 7)

to C.2.9 have been addressed.

2) Examples include in vitro diagnostic devices, back table covers, Mayo stand covers, light handles, etc.

3) Employee exposure limitations may be required by local occupational health regulations.

4) An exhaustive extraction procedure, as specified in Table E.1 and defined in 3.2, is required to determine EO
residues. The analyst shall verify and document the procedure used.

20
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c) If the device is a blood oxygenator or blood separator, determine EO and ECH residues. ) The maximum
allowable dose of EO to patient shall not exceed 60 mg and the maximum allowable dose of ECH shall
not exceed 45 mgq. If it does, determine EO residues by simulating product use by extracting the device at
37 °C for up to 24 h but not less than 1 h (see C.3.2 and C.3.3). If the daily dose of EO and/or ECH from
simulation of product use exceeds 60 mg and/or 45 mg, respectively, reduce EO and/or ECH. Otherwise,
if the daily dose of EO is not more than 60 mg and/or the daily dose of ECH is less than 45 mg, the EO
and ECH residue requirements for this device are met.

d) If the device is used in a cardiopulmonary bypass procedure, determine EO and ECH residues. The
maximum allowable daily dose of EO to patient shall not exceed 20 mg and the maximum allowable dose
for ECH shall not exceed 9 mg.

e) |If the device is a blood purification device, the EO and ECH limits shall not exceed 4,6 mg pel device, but
the allowable EO and ECH dose for a lifetime may be exceeded.

f) |If the device is a drape contacting intact skin, the TCL shall be 10 pyg/cm2 for EO and 5mg/cm? for ECH or
the drape shall have negligible irritation as specified in ISO 10993-10.

C.2/5 If the device is not in a special category as described in C.2.4, determine EO and ECH res|dues. )

C.2/6 For permanent exposure devices (those contacting the patient for longer than 30d to| a lifetime),

progeed as follows.

a) |If the measured EO and ECH residuals are not more than)2,6 g and 10 g respectively, go|to C.2.6 b).
Otherwise, use appropriate temperatures (either 37 °C or_25 °C) and times (based on anticipated use
time) with water as the extracting medium to simulate product use (see C.3). If the measured|dose of EO
is not more than 2,5 g or the measured dose of ECHgis not more than 10 g, where ECH has peen found,
go to C.2.6 b). Otherwise, reduce EO and/or ECH.

b) [If the measured EO and ECH are not motre“than 60 mg, go to C.2.6 c¢). Otherwise, use |appropriate
temperatures (either 37 °C or 25 °C) for 30.d with water as the extracting medium to simulate product use
(see C.3). If the measured EO and ECH dose, where ECH has been found, is not more than 60 mg, go to
C.2.6 c). Otherwise, reduce EO and/or ECH as in C.2.6 a) and C.2.6 c).

c) |If the measured EO and ECH are not more than 4 mg and 9 mg, respectively, go to C.2.9. Otherwise, use
appropriate temperatures (either 37 °C or 25 °C) for 24 h with water as the extracting medium to simulate
product use (see C.3). If the measured EO and ECH doses from simulated use are not more than 4 mg or
9 mg respectively, go to €.2.9. Otherwise, reduce EO and/or ECH.

C.2{7 For prolonged.exposure devices (those contacting the patient for more than 24 h up to 30|d), proceed

as fpllows.

If the measured~EO and/or ECH are not more than 60 mg, go to C.2.6 ¢). Otherwise, use |appropriate

temperatures\(either 37 °C or 25 °C) and times (based on anticipated use time) with water as the extracting

medium te,simulate product use (see C.3). If the measured EO and ECH dose, where ECH has been found, is
not mofe.than 60 mg, go to C.2.6 c). Otherwise, reduce EO and/or ECH.

C.2.8 For limited exposure devices (those contacting the patient for up to 24 h), proceed as follows.

If the measured EO and ECH residues are not more than 4 mg and 9 mg, respectively, go to C.2.9.
Otherwise, use appropriate temperatures (either 37 °C or 25 °C) and times (based on anticipated use time,

5) An exhaustive extraction procedure may be impractical for these products, in which case proceed directly to the
simulated-use procedure.

6) An exhaustive or simulated-use extraction procedure as specified in Table E.1 and defined in 3.1 and 3.2 is necessary
for determining EO residues. The analyst verifies and documents the procedure used. For very large products, an
exhaustive extraction procedure may be impractical. In such cases, continue at C.2.6 and follow the requirement to use a
simulated-use procedure for the appropriate duration category.
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but with a minimum of 1 h) with water as the extracting medium to simulate product use (see C.3). If the
measured EO and ECH doses from simulated use are not more than 4 mg and 9 mg, respectively, go to
C.2.9. Otherwise reduce EO and/or ECH.

C.2.9 The device shall not be irritating with the amount of EO and ECH to be allowed on the device at
release. If the device is a surface-contacting device or an implantable device, this means that the tolerable
contact limits (TCL) for EO and ECH shall not exceed 10 pg/cm?2 and 5 mg/cm?2, respectively, or that the
device shall have negligible irritation as specified in ISO 10993-10. Otherwise, the evaluation of the device
according to this part of ISO 10993 has been completed 7).

C.3 Simylated-use extraction procedure

C.3.1 Extraction fluid

Water shou|d be used for simulated-use extraction of EO residues (see [92]).

C.3.2 Extraction temperature
Extract dev
immediate

37 °C, eval

ces wholly or in part in contact with the body during use at 37 °C and extract devices havin
body contact during use (e.g., hypodermic syringes) at 25 °C, When devices are extracte
ate the conversion of EO to EG.

C.3.3 Extraction time

Consider the expected reasonable worst case range of times oveér which the device use is recommended or
expected when establishing extraction times. In addition, it,may be useful to collect data to establish| the
extraction rate of EO and ECH from the device at the use temperature established in C.3.2 (4.4.6.2). Evalpate

br other pertinent information to determine an\extraction time appropriate for the device that takes
the available data. The minimum extraction time is one hour.

these data
into accoun

C.3.4 Extraction of device

Where pre-
extracted. \}
Extract the
involves cir
circulating i
patient, it m)
from a devi

C.3.5 Grouping of.devices

Devices of

treatment of the device is required prior to use, perform this pre-treatment before the devid
Vhere the device is filled far extraction, do this in a manner that eliminates entrained air pocH
device with water at the temperature and for the time established. Where use of the de
culation of fluids (e.g.(blood, dialyser fluid), extract the device using water to simulate the fl
N a manner consistént with product use. Note that where blood is returned from the device tq
ust be assumed that'any EO residuals will stay in the body. Hence, water simulating blood pas|
be into a patientsshould not be recirculated. Document the rationale for the conditions establish

e is
ets.
vice
hid's
the
Sing
pd.

similar design but different sizes may be grouped and the worst case selected for testin

representat

ve-of the group. Document the rationale for this decision.

TaS

C.3.6 Device kits and trays

Initially determine residues for each EO- and ECH-absorbing patient-contact device in kits and trays, and
establish the worst-case device or devices. Additional data can then be collected using such worst cases.
Document the rationale for the decision.

7) Meeting both the biological testing requirements for each individually designed medical device as indicated in
ISO 10993-1 and the EO-sterilization process residual limits form the justification that an EO-sterilized device is
acceptable for use with regard to its biological evaluation.
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(continued on Figures C.2 and C.3)
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Figure C.1 — Flow chart to assist in understanding the steps necessary to apply this part of ISO 10993
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Figure C.2 — Flow chart to assist in understanding the steps necessary to apply this part of ISO 10993

(continued from Figure C.1 and continued on Figure C.3)
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Figure C.3 — Flow chart to assist in understanding the steps necessary to apply this part of ISO 10993

(continued from Figure C.2)
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Annex D
(informative)

Factors influencing product residual

D.1 Sterilization process parameters

D.1.1 Gerneral overview

Sterilization] process parameters are defined in ISO 11135-1. However, to properly analysé€ residuep in
EO-exposed devices, it is necessary to recognise those parameters that have an effect on residue contenf. An
understanding of EO kinetics may make it possible to address a family of like devices through the analys|s of
a “worst-cape” representative. Recognition of a family of similar products (that is, similar in size and pse,
material composition, packaging, EO exposure, water content, and exposure to environmental conditipns)
may precluge the necessity of analysing each item of the product line. The following parameters affect resjdue
content and may allow analysis of one or more “worst-case” representatives.

D.1.2 Material composition

Materials vary considerably in their ability to absorb, retain and release EO. When conversion of EO to EQH is
possible, two similar devices made of different materials are likelydahave very different residue profiles.| For
example, materials that contain a source of free chloride ions>exhibit a wide degree of variation in| the
concentratigpn of ECH formed.

Similarly, a|single device composed of two dissimilar materials may require a representative sample of poth
materials td ensure accurate analysis. Composition and-size may be particularly important when considgring
the simulatipn of normal product use.

D.1.3 Packaging

Packaging materials vary widely in their abilities to allow penetration and dissipation both of EO gas and the
other possible residues, which may inurh affect ECH residue levels. Packing density and the density of the
shipping coptainer are other sources(ofjvariability.

D.1.4 Ethylene oxide sterilization cycle

Process copditions underwhich the device is exposed to EO will affect the residue levels. These condiffons
include gaq concentration, exposure time, temperature, type of cycle (that is, pure EO or EO mixtufes),
humidity (including the)quality of the water source), re-evacuations and air washes, and the product and |oad
density or the configuration of the product load in the sterilizer.

D.1.5 Aergtion

Residual EO in devices may vary as a function of aeration temperature, load density and configuration, air
flow, loading pattern, surface area of products being aerated and aeration time. Some materials demonstrate
aeration rates which can roughly double (aeration time reduced by one half) for each 10 °C increase in
aeration temperature.

Factors such as humidity, temperature, and air flow may influence ECH formation depending on EO content in
the product after removal from the sterilizer.

Analysts should be aware of seasonal variations in aeration rates when samples are stored under laboratory
conditions which differ from the ambient warehouse conditions. Under certain circumstances, which can best
be determined by experience, it may be necessary to hold samples prior to analysis under conditions that
approximate the lowest temperature at which the product is likely to be stored during aeration.
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D.1.6 Sample retrieval

Caution should be exercised when product samples are routinely removed for analysis from the

sterilization

load soon after the sterilization process is completed. Caution should also be exercised when the product
sample or an extract thereof is shipped to an analysis site remote from the sterilization site. In such cases, the

errors associated with attempting to correlate the residue amounts on samples and on the rest

of the load

should be recognized and an experiment to establish the relationships between these conditions carried out.

D.2 Controlling variables

Giv<.l;n sufficient experimental evidence on residue diffusion kinetics (e.g., the rate of EO gas diss
the |packaging for the range of given devices), it may be possible to group devices for guality
testing based on similarities of materials, manufacturing processes and use. For such a,classifica

pation from
assurance
tion system

to work, the variables discussed above must be controlled. Lack of control may yield data\about residue levels

that|are applicable only to the samples analysed.
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Annex E
(informative)

Extraction conditions for determination of residual EO

Extraction conditions for the determination of residual EO to demonstrate compliance with this part of
ISO 10993 are shown in 4.4.

Table E.A rJ&presents suggested extraction conditions that could facilitate laboratory operations.

Specific me

The guiding
of the dose
using simul
that the dey
the perman
limited expq
these requi
device by s

Where an €
complex dg
extrapolate

In certain e
large, surfa
estimated g
approach d

thods for simulated-use and exhaustive extraction are given in 4.4.6.2 and 4.4.6.3.

principle in selecting appropriate extraction methods for the determination of EQJis’the evalug
to the patient in order to show compliance with the requirements set out in this-part of ISO 10
bted use wherever possible. For devices in the prolonged exposure category;itis important to

ent contact category must also meet the residue requirements of the)prolonged exposure
sure categories, whichever extraction condition is used. Where residues are shown to be w
rements for products tested by exhaustive extraction, there is¢honeed to further challenge
mulated-use extraction.

Table E.1 — Suggested extraction conditions

Device contact duration
(see 4:3)

Limited exposure
(<24 h)

Permanent contact
(>304d)

Prolonged exposure
(24 to 30 d)

Exhaustive extraction Simulated use Simulated use

xhaustive extraction procedure as defined in 3.2 is specified it may be impractical for large an
vices. In such cases jt. may be necessary to extract representative portions of the device,
the results to the entire-device. See also 4.4.6.

ceptional situations where simulated-use extraction may be neither feasible nor practical (e.g
Ce-contacting{devices such as gowns or drapes), the dose of EO transferred to the patient ma
n a weight: or surface-area-proportional basis using, for example, the transfer reduction fg
pscribedinthe section Exposure per use in [154].

tion
PO3,
hote

ice must also meet the residue requirements of the limited exposure category, and that devicgs in

and
thin
the

d/or
hen

, for
y be
ctor

28

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=a4fbaf9421ac88b638cfd1ff0bd20efd

ISO 10993-7:2008(E)

Annex F
(informative)

Rationale for the provisions of this part of ISO 10993

F.1 General

Thig annex specifies the rationale for establishing allowable limits for ethylene oxide sterilization|residues in
medical devices on the basis of duration of contact. Included is the basis for establishing-limits for ethylene
oxide (EO), ethylene chlorohydrin (ECH) and ethylene glycol (EG).

F.2| Rationale for special situations

F.2]1 General

Thefe are certain circumstances, for example major surgery, where the life-saving nature of fthe therapy
signfificantly alters the risk-benefit analysis. The exposure limits )given are based on risks gnd benefits
associated with less critical circumstances. Therefore, 1ISO 10993-17 allows for device benefit ajterations in
alloyvable limits on a case-by-case basis. In consequence, there is scope for relaxation of limits in
life-threatening situations where it is not possible to meet_the specified limits. Similarly, there mgy also be a
neefl to tighten limits where warranted by risks in specificsituations.

During the development of this part of ISO 10993, six special situations were recognized in which|the limits of
4.3 would not be practical due to limitations of the devices themselves, or in which human data indicated that
the fose levels shown in 4.3 are not applicablé.)Human data are available from patient exposure t¢ intraocular
lendes which must be addressed by revision of the residue requirements for such devices| Blood cell
separators used in donor and patient_bleed collection can be used multiple times and donors gnd patients
have been shown to become sensitized’to EO. Allowable limits for EO for these devices must bg lowered to
min|mize the possibility of sensitization. During treatment of blood with oxygenators or blood s¢parators or
cardiopulmonary bypass devices it is recognised that the medical benefit outweighs the risk|and this is
addfessed in considering the(allowable short-term limits for these devices. In the case of extracorporeal blood
purification set-ups, long-term use could potentially lead to the maximum lifetime dose requirgment being
excegeded and this is alse“addressed. In the case of drapes contacting intact skin, no systemic toxicity is
anticipated and patient safety should be adequately protected by meeting the TCL or iritation test
requirements.

F.2|2 Intraocular lens limits

Thelresidue limits for intraocular lenses (implant devices in the eye) is 0,5 ug EO per lens per day/| This limit is
not pased on the permanent contact limit with an average daily dose of 0,1 mg (100 ug) per day for a lifetime.
Rather, it is a special case in which the maximum delivered dose cannot exceed a ceiling value of 0,5 ug per
lens per day. This is necessary to prevent documented irritation responses of EO to ocular tissue (see
References [43], [116], [117], [143] and [164]). Prorate limits are used for other intraocular devices on the
basis of the mass of the device, with the mass of an intraocular lens taken as 20 mg.

When EO residuals are controlled as specified here for intraocular devices, it is unlikely that significant
amounts of ECH will be present. This may not be true for intraocular devices made from viscoelastic materials
that contain chlorine. In such cases, References [43], [115], [116] and [117] indicate that the level of ECH that
results in ocular toxicity is about four times greater than the corresponding EO level. This should be taken into
account when evaluating the acceptability of ECH levels associated with these devices.
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F.2.3 Blood cell separators used in donor or patient blood collection

The maximum allowable limit for EO is 10 mg per device. The maximum allowable limit for ECH shall not
exceed 22 mg per device. These devices are used for apheresis collection. This limit takes into account the
multiple use of such devices in individual donors or patients.

In this case the default assumption of five devices used simultaneously appeared somewhat conservative. If
one were to assume only two devices as a reasonable worst case, the UTF would increase from 0,2 to 0,5.

This would raise the allowable limit to 10 mg EO (rounded down from 10,5 mg). See Equations F.1 and F.2.

For EO

TE = T|x Mg xUTF = 0,3 mg/kg/dx 70 kgx0,5=10,5 9 (F.1)
For ECH

TE = T|x Mg x UTF = 0,64 mg/kg/dx 70 kgx0,5 = 22,4 19 F.2)
F.2.4 Blopd oxygenators and blood separators
The exposure limit for such devices is 60 mg for EO and 45 mg for EGH in a 24 hour period. These deVices
are used in|severe operations such as open heart surgery. Such procedures are used on individual patients
no more thgn once or twice in a lifetime. Since these devices are used'for a day or less, the default UTF of 0,2
appears overly conservative. A UTF of 1,0 appears more reasonable. At this UTF, the allowable limit wpuld
increase to[ 21 mg EO and 45 mg ECH. See Equations F.3"and F.4. The EO limit reflects manufactufer’s
current ability to remove EO from these rather large devicestUnder such circumstances this further threetfold
relaxation of the EO limit is warranted.
For EO

mg

TE =TlIx Mg xUTF = 0,3 mg/kg/dx 70 kgx1= 21 e (F.3)
Given one day or less of use: 21 mg/d x1 d = 21 mg/device
For ECH

TE = Tjix Mg x UTF 0,64 mg/kg/dx 70 kgx 1= 44,8 % F.4)
Given one day oriless of use: 44,8 mg/d x 1 d = 44,8 mg/device
F.2.5 Deviees-used-in-cardiopuimonary-bypassprocedures

The exposure limit for such devices is 20 mg for EO in a 24 hour period. These devices are used in severe
operations such as open heart surgery. Such procedures are used on individual patients no more than once or
twice in a lifetime. Since these devices are used for a day or less, the default utilization factor (UTF) of 0,2
appears overly conservative. A UTF of 1,0 appears more reasonable. At this UTF, the allowable limit would
increase to 21 mg EO. The EO limit reflects manufacturers’ current ability to remove EO from these rather
large devices. Under such circumstances this further three-fold relaxation of the EO limit is warranted. The
limits for ECH apply.
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For EO
mg

TE =TIxMg xUTF =0,3 mg/kg/dx 70 kgx1=21 — (F.5)
NOTE This is rounded to 20 mg/d for these devices.
Given one day or less of use: 20 mg/d x 1 d = 20 mg/device
F.2.6 Extracorporeal blood purification devices
Thepge devices are used in patients multiple times often over many years. In setting the allowable limits for
thege devices, consideration is given to the benefit derived from blood purification. The maximum allowable
limif for each device used on a patient was set by considering the use of thirteen (13) such devices over each
month, and setting the maximum allowable limit as one thirteenth of the maximum allowable limjt over 30 d,
whig¢h is 4,6 mg for EO and 4,6 mg for ECH. The maximum allowable EO dose of 2,5’g for a lifetjme may be
exceeded, provided that the allowable limit for EO of 4,6 mg for each use is metOIp’addition, the maximum
alloyvable ECH dose of 10 g for a lifetime may be exceeded, provided that theJallowable limit|for ECH of
4,6 mg for each use is met. To exceed the 2,5 g lifetime dose of EO, a patient undergoing blood purification
would need to be exposed to 4,6 mg of EO thirteen times every month @ad’such exposure would need to
continue for 3,5 years. Similarly, ECH lifetime exposure could be exceeded after about fourteen ([14) years of
use|by end-stage renal disease patients.
For [EO:
— |Lifetime dose of 2,5 g = 2 500 mg.
— |Maximum allowable dose of EO from use of 13 ‘€xtracorporeal blood purification devices per month is

60 mg.
— |So it will take 2 500 mg/(60 mg/month) = 42-months or about 3,5 years to reach the maximum allowable

For

F.2

Dra
min

lifetime EO dose for the use of such devices.
ECH:
Lifetime dose of 10 g = 10 000:mg.

Maximum allowable dose of ECH from use of 13 extracorporeal blood purification devices g
60 mg.

So it will take 10000 mg/(60 mg/month) = 167 months or about 14 years to reach the maximu
lifetime ECH doese for the use of such devices.

7 Drapes contacting intact skin

bes“that contact intact skin provide benefits to patients with minimal risk. Surgical drapes

er month is

m allowable

Are used to

mize the spread of infective agents to and from the patient, thereby contributing to a reduction in post-

operative infections. Medical devices that contact intact skin have not been shown to cause systemic toxicity.
The tolerable contact limit (TCL) values for EO and ECH are based on local toxic effects. Thus the TCL values
of 10 ug/cm? for EO and 5 mg/cm? for ECH or the device having negligible irritation when tested according to
ISO 10993-10 are the appropriate binding limits for drapes that contact intact skin.

F.3 Rationale for 4.4

F.3.1 General

This clause provides the general rationale for each of the major parts of 4.4.
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F.3.2 Product extraction

The critical parameter in the regulation of EO-sterilization residues is the dose the patient or user may receive
from use of devices so sterilized. In order to assess this patient or user dose, extraction procedures are
required which simulate normal product use. In some cases, this may be achieved by simply filling the product
with water, whereas in other cases more complicated simulations including continuous fluid flow may be
required. It is recognised that, should the requirements be met by determining the total residue present in the
product, by exhaustive extraction, there may be no need to simulate product use.

The definition of exhaustive extraction used includes the concept that extraction should continue until the last
extraction step performed produces a yield of the analyte which is less than 10 % of the yield of the analyte in

the first extaction of the sample. This concept fails when the yield of the first extraction is very small, assin
case of a device with little residue or a sample that releases the analyte at a very slow rate. In such'ca
extraction ghould continue until the increase in the cumulative total of the analyte extracted in the’se
extraction sfeps is small relative to the analytical uncertainties.

F.3.3 An
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of ECH star

The solutions were stored at refrigerator temperature upon arrival. These solutions were analysed at diffe
me, such as immediately after arrival, 1 week after, and 2, 3, 4, 8 and 12 weeks after arriva|,
various types of column. The stddy showed that there is no significant difference in the concentration in
5. It was concludedithat ECH standard solutions are stable when stored at refrigerator temperdture

periods of t

first 2 week
for at least
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The effective standard should be not less than a specified percentage of the original concentra

lytical methods

tability of EO in solution
tory should conduct its own stability study to determine the shelf life<of its ethylene oxide resid
al day of the validated stability shelf life. Otherwise, all standards should be made on a daily bz

nterlaboratory comparison study of the EO method desecribed in K.4.4 (see [140]), a study
b stability of standard solutions of EO in ethanol. Solutions of EO at concentrations of 25 g

bre analysed at different times over periods of up,to six weeks. The study showed that, at 4(
centration was reduced to 70 % of the original>concentration after 2 weeks for the 50 pg/ml

standards, whereas all of the standards studied were stable to within 10 % of the orig
n after storage at refrigerator temperature((5 °C) for up to 60 d.

tability of ECH in solution

interlaboratory comparison study of ECH, eleven laboratories participated in a study of the sta
dards. Aqueous solutions 6f ECH were prepared by one laboratory and shipped to all participg

4d.
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/ml,
ese
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F.3.4 Rationale for 4.4.7.1, data analysis and interpretation

procedures described |n this part of ISO 10993 would be appllcable over the range

The proper treatment of data is presented to permit the analyst to calculate the product residual level and from
this the potential dose to patient. This permits release of product based on conformance with the requirements
listed in 4.3.

32
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Annex G
(informative)

Establishment of allowable limits for EO

G.1 General

The| approach described in ISO 10993-17 was used to derive limited, prolonged, and permangnt tolerable
intake (TI) values for EO. Separate Tl values were not calculated for various routes of expasure. [The derived
Tl values for EO were converted to allowable limit and device limit values and compated“to thg limits from
ISO|10993-7:1995. For the limited exposure category, the derived Tl and corresponding device lipnit from the
evaluation presented herein have been accepted. For the prolonged and permanent)contact catggories, the

ing limits for the prolonged and permanent categories to the levelscsupported by the evaluatign described
in.

A lir
[83]

nited/prolonged exposure category Tl of 0,3 mg/kg/d was defived based on the results in References [82],
[84], [169], [170] and [171]. Data from these studies were previously used as support for the prolonged
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bsure limit for EO. A modifying factor (MF) of 30 was applied to the data, based on a UF1 of 3
hterindividual variability and a UF2 of 1 to account{for interspecies difference in potency. Ju
ided for the selection of values for UF1 and UF2.

brmanent exposure category Tl of 0,02 mg/kg/d was derived based on cancer effects and

g dose-response modelling of human data. Other approaches for cancer risk assessmen
ored for derivation of the cancer-basgd-TIl. A permanent non-cancer Tl of 0,03 mg/kg/d can
bd on the adverse effects on spermatogenesis seen after long-term inhalation exposure of
keys to EO (see References [107], [108] and [109]) and an MF of 60. The MF used td
hanent exposure non-cancer Thincludes a UF3 for LOAEL-to-NOAEL extrapolation.

Introduction

e the publicatiomof the first edition of this part of ISO 10993 in 1995, new data have become
adverse effects-of EO in humans and experimental animals. In addition, data have become
ce uncertainty in assessing the relative sensitivity of humans and experimental animals to this
the variability of response within the human population to EO. Furthermore, new tools (e.g.,
b ands.physiologically based pharmacokinetic modelling) have become available to ass
Irately’ assessing the risk posed by exposure to EO. This risk assessment serves as the b

to account
stification is

vas derived
I were also
be derived
Cynomolgus
derive the

Available on
available to
compound
benchmark
st in more
asis for the

ction of Tl used in this part of ISO 10993.

G.3 Methods

G.3

.1 General

The approach described in ISO 10993-17 was used to derive Tl values for EO for various durations of
exposure.

The potential exists for patients to be exposed to EO released from medical devices for short or long
durations; as a result, it was necessary to derive limited/prolonged and permanent Tl values for this
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compound. In addition, it is possible for patients to be exposed to EO via various routes of exposure. Although
patients are typically exposed to EO via parenteral routes of exposure in clinical settings, very little toxicity
data are available to derive Tl values for these routes of exposure. In contrast, there is a large database of
data available on the effects of EO in experimental animals and humans following inhalation exposure. To use
this rich resource of inhalation toxicity data for setting parenteral Tl values for EO, a method was developed
for route-to-route extrapolation to derive estimates of internal dose following inhalation exposure.

G.3.2 Route-to-route extrapolation of dose

A fairly large number of tOX|C|ty stud|es have been conducted on EO; however relatlvely few of these were
conducted
inhalation e
knowledge pf the exposure concentratlon of EO and the extent to which the compound is absorbed.vig the
respiratory {ract.

Absorbed dose can also be estimated based on knowledge of the exposure concentration,v/entilation rate in
the exposed species, duration of exposure, and extent of absorption via the inhalation route’Using the daja in
References| [186] and [22], estimates of the relative absorption of airborne EOpat’ various expogure
concentratigpns were established (Table G.1).

Table G.1 — Absorbed dose of EO in rats
exposed to various concentrations of EO in-air

Exposure concentration Percent absorbed
(ppm) %
10 94
33 74
50 68
100 61
1 000 36

Calculation [of absorbed dose in cynomolgus monkeys is based on the mean ventilation rate (0,83 m?3/d)
derived from the values reported by Fisherl52] for methanol-exposed cynomolgus monkeys.

G.3.3 Norj-cancer risk assessment approach

Tl values fgr non-cancer gffects of EO were derived by dividing the most relevant NOAEL or LOAEL values
from critical studies by.uncertainty factors to account for data on the variability in response to EO in human
populations| (UF1), potential species difference in potency (UF2) and data deficiencies (UF3). ISO 10998-17
emphasiseg the use~of scientific data, when available, to derive uncertainty factors applied to the data from
key toxicity]
response td EQ in human populat|ons and on the potency of EO across spemes was used in derlvmg values
for UF1 and-YF2respec S c v clude
the ponmorphlc expressmn of the enzymes that metabohze EO in the human populatlon the ab|I|ty of various
disease states to inhibit these enzymes, and variability in the ability to repair DNA damage. Consideration of
these factors resulted in the selection of a value for UF1 that is greater than the default value of 10 that is
typically used for this parameter. In contrast, scientific data and the results of physiologically based
pharmacokinetic (PBPK) modelling suggest that the potency of EO varies little across species and therefore a
value of less than 10 is appropriate for UF2, compared to the default of 10 that is typically used for this
parameter.
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Application of a weight-of-evidence test indicates that EO is a genotoxic carcinogen and that tumours seen in
animals are relevant for humans. ISO 10993-17 allows for various approaches to be considered when deriving
a cancer-based Tl value for a genotoxic carcinogen. Accordingly, cancer-based Tl values have been derived
using multiple approaches, namely, simple linear extrapolation from the LOAEL, application of UFs to the
LOAEL, and application of dose-response modelling.
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.5 Effects not considered in deriving Tl values for EO

aemolysis. Other approaches may be necessary to protect patients against these effects tha
pciated with exposure to EO.

Non-cancer-based Tl values for EO

vation of a non-cancer-based Tl value for EO involves:
selection of appropriate NOAEL and LOAEL values from the Jiterature and

selection of uncertainty factors to account for intefindividual variability in the human
interspecies differences in potency and deficiencies ifi‘the data.

5e steps are described in G.4.2 and G.4.3, respectively.

2.1 Limited/prolonged exposure category

quate single-dose toxicity data-are not available to establish a limited exposure category|
ever, ISO 10993-17 notest_all available data should be considered in the context of underg

1 d or less) should be used to set limited exposure or short-term limits.
refore, data from.longer-term studies were used to establish the limited exposure category TI.
e G.2 summarises the most relevant data for the derivation of the limited/prolonged exposure

FO; however, it should be noted that many studies other than those listed in following
bwed qn'the process of setting Tl values for EO.

Wogdard and Woodard[293] described a study in which dogs received SC injections of EOQ

munological
bffects such
have been

population,

Tl for EO.
tanding the

all toxicity profile of the substance. The basic approach is that acute data (for example data from studies

category Tl
ables were

t doses of

6 mg/kg, 18 mg/kg and 54 mg/kg (later adjusted to 36 mg/kg) for 30 consecutive days; however, because of
the small number of animals used, these results cannot be used with confidence to establish the
limited/prolonged TI.
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Table G.2 — Studies used to derive limited/prolonged exposure category Tl for EO

Species

NOAEL
(mg/kg/d)

LOAEL
(mg/kg/d)

Route Exposure Effects at LOAEL

Study

Dog

Weight loss,
coagulation changes,
increased liver, kidney

and spleen weights

SC 6, 18 or 54 mg/kg daily x 30 d 18

[203]

Rabbit

Decreased maternal

v weight gain

9, 18 and 36 mg/kg daily on GD 4-16 18

(82]

Rats

I||\halation

Depression of foetal

10, 33 or 100 pg/kg 6 h/d on GD 6-15 body weight

27,5 {16

]

A similar N
foetal body
days 6 to
absorbed (¢
Reference |

33 ppm

Identical NQ
as the basis

G.4.2.2 Pgermanent exposure category

The lowest
exposure o
investigator
24 months.
EO-expose

Based on thhe mean ventilation rate measured in methanol-exposed cynomolgus monkeys in the Fisher 4

study!®2l an
absorbed d

50 ppm

The effects
exposed
Reference |
considered
References
cynomolgus

DAEL value for EO was derived from the inhalation study conducted by Snellings{'6l. Decrea
weight was observed following exposure of pregnant Fischer 344 rats to 100ppm EO for 6 h/
15 of gestation. No adverse effects were seen following exposure to 33.ppm EO. Using
ose data from the study in Reference [22], the absorbed dose equivalent to 33 ppn
169] is

x 1,8 mg/m3/ppm x 0,29 m3/d x 6/24 x 0,74/0,35 kg = 9,1 mg/kg/d

AEL values in the studies in References [82] and [169] incréase the confidence in using this v
for the limited/prolonged exposure category Tl values.

absorbed dose associated with adverse-non-cancer effects following long-term inhala
experimental animals to EO is 2,0 mg/kg/d;‘based on the results reported by Lynchl107]. TH
5 exposed cynomolgus monkeys to 0 ppm-EO, 50 ppm EO or 100 ppm EO for 7 h/d, 5 d/wee
Statistically significant decreases _in\tsperm counts and sperm motility were seen in
j groups, compared to controls.

 the assumption that the pergent of EO absorbed at 50 ppm is the same in rats and monkeys
bse following exposure tol50 ppm EO is

x 1,8 mg/m3/ppm 0383 m3/d x 7/24 x 5/7 x 0,68/5,3 kg = 2,0 mg/kg/d

on sperm count and motility seen in the Lynch study are consistent with those seen in
umans O] tand with other sperm parameters reported in experimental animals
128]). Furthermore, statistically significant decreases in sperm count, motility or morphology
to be“adverse effects for the purpose of setting exposure limits for compounds
[126]¥and [188]). Finally, there is no mechanistic reason to suggest that the results seg
fmonkeys would not be relevant for humans. As a result, it is valid to use the results reporte

sed
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107] to derive a permanent parenteral [1tor EO based on non-cancer eftects.
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G.4.3 Selection of uncertainty factors for non-cancer effects

See Table G.3.
Table G.3 — Uncertainty factors for Tl derivation
. . . Magnitude of .
Uncertainty factor designation Range default UF Description
To account for the variability in response between
UF1, inter-individual variability in the 11010 10 the mean of the healthy population and the
human population response in some proportion of a sensitive

crhnanlatins
ST pPopTTattoTT

To account for the possibility that’humans are
UF2, inter-species extrapolation 1to 10 10 more sensitive to the advetse~ effects of a
compound than experimental animals fre.

To account for limitationsyin the toxicplogical data
available for TI derivation, including|absence of
110 100 None NOAEL value, absence of NOAKEL from a
long-term study, and”lack of data from a clinically
relevant route o6f'exposure.

UF3, quality and relevance of the
experimental data

G.4{3.1 Inter-individual variability (UF1)

G.4|3.1.1 Overview

ISO[10993-17 notes that it is preferable to have actual data\{o"assess human variation in order tp define the
magnitude of the value selected for UF1. Fortunately, data are available to characterize the varigbility of the
response to EO of various biomarkers in human populations, primarily in occupational cohorts. Fpr example,
Fuchs[®¥ observed “remarkable individual differences in susceptibility” in EO-exposed workers to single strand
bregaks of DNA in peripheral mononuclear blogd<cells. These investigators identified two subpopulations
amgng workers occupationally exposed to EO,“a “higher sensitive” group and a “lower sensitive” group.
Among non-smokers in the lower sensitive group, the lowest concentration of EO (4 hour TWA) associated
with| DNA single strand breaks was 3,5 mg/m3. Among non-smokers in the higher sensitive groud, the lowest
congentration of EO associated with DNA single strand breaks was 0,6 mg/m3. Therefore, a UF1 value of at
least 6 (3,6/0,6) is necessary to protect’sensitive individuals in the “higher sensitive” group from this specific
genptoxic effect. Various factors\'may be responsible for this variability in response to EQ, including
polymorphic expression of the(enzymes responsible for EO metabolism (the theta 1 isoform of| glutathione
trangferase and epoxide hydrolase), and variability in DNA repair mechanisms. In addition, therd are factors
that|may increase the sensitjvity of critically ill and injured patients to the adverse effects of EO, rglative to the
gengral population, such”as inhibition of metabolic enzymes that play a role in the detoxification of EO and
redyction in the levels of co-factors necessary for the enzyme reactions to occur (e.g., glutathione).
Consequently, theyvariability seen in response to EO in the general population may not necessarily reflect the
response variability seen in a patient population. Therefore, the variability in response seen in [the healthy
adult populations occupationally exposed to EO (see [54]) may under-represent the variability Seen among
patients exposed to EO.

Each‘efithe factors that may play a role in contributing to variability in the human population to adverse effects
associated with EO exposure will be explored in this secfion for the purpose of ideniifying a value for UF1 that
will be appropriately protective for sensitive subpopulations.

G.4.3.1.2 Polymorphism of EO detoxification enzymes

G.4.3.1.2.1 General considerations

Ethylene oxide is metabolized, and consequently, detoxified, in rodents and humans by two enzymes: the
theta 1 isoform of glutathione transferase (GSTT1) and epoxide hydrolase (EH). Both of these enzymes are
polymorphically expressed in the human population (e.g. References [182], [183] and [184]). A consequence
of these polymorphisms is that a certain percentage of the human population is expected to have a reduced
capacity to metabolize EO, relative to the rest of the population. Since EO is detoxified by these enzymes, one
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would expect poor metabolizers of EO to be at increased risk of adverse effects, relative to the rest of the
population. Considerable attention has been paid to the role GSTT1 polymorphism may have in the variability
in response seen in human populations to EO (e.g. Reference [50]). However, EO is primarily metabolized by
EH in humans; consequently it may be assumed that GSTT1 polymorphism is not expected to influence the
variability in response of the human population to a significant degree. Despite the assumed principal role of
EH to the metabolism of EO in humans, little attention has been paid to the potential role of EH polymorphism
or inhibition on EO metabolism and, subsequently, on the risk posed by exposure to EO. The impact of
polymorphisms of GSTT1 and EH on the response to EO in the human population is discussed G.4.3.1.2.2
and G.4.3.1.2.3.

G.4.3.1.2.2 Role of GSTT1 polymorphism in the variability of the response of the human population to
EO

The frequency of the GSTT1 null genotype can be as high as 54 % in some populations (see Reference [[6]),
but most pgpers report values in the 17 % to 25 % range (e.g. Reference [158]), depending on the populafion.
Since the GSTT1 null genotype is associated with reduced GSTT1 enzyme activity, a significant percentage of
the population may be at increased risk of EO-associated adverse effects.

The GSTT] null genotype exerts a specific influence on levels of haemoglobin~adducts in EO-expgsed
individuals (see Table G.4).

Table G.4 — Effect of GSTT1 polymorphism on haemoglobin adduct levels
in conjugator vs. non-conjugator populations

Study Mean difference in response betv_veen GSTT1+
and GSTT1 null"populations
[53] 3
[130] 2
[182] 1,5
[50] 1,5
[205] 2,1

The results|shown in Table G.4 suggest that populations with a GSTT1 null genotype have a 1,5- to 3tfold
higher interhal dose of EO; howevef, comparison of the mean difference between the two populations| will
underestimate the difference between the dose associated with the mean response in a GSTT1+ and a loer-
bound percentile of the GSTT1_Aulpopulation.

Although the data show a‘clear dependence of GSTT1 expression on levels of haemoglobin adducts in [EO-
exposed pefsons, the data on the influence of GSTT1 polymorphism on induction of SCE are mixed. Halligrl64]
reported that induction,'of SCE in peripheral lymphocytes of GSTT1 null individuals was much greater than
that in GST|T1; howevér, Schroderl163] and Wienckel292] reported very modest increases in background $CE
levels in GBTTA\null individuals compared to those with a GSTT1 genotype. In aggregate, these regults
suggest that GSTT1 polymorphism leads to increased levels of Hgb adducts, but only modestly increaseq the

genOtOXiC effectsof EO-in POot-Cot |ju3atUIo.

It is important to note that the GSTT1 null genotype is associated with an increased risk of some cancers
(e.g., References [48] and [207]), but not necessarily with cancers associated with ethylene oxide exposure.

G.4.3.1.2.3 Role of EH polymorphism in the variability of the response of the human population to EO

Similarly to GSTT1, the expression of EH is polymorphically expressed in the human population (see
References [69] and [144]), as a result, variability in EH activity in humans can be significant. For example,
Mertes[123] found a 63-fold variability in the metabolism of EH substrates by human liver samples; however,
90 % of the samples deviated by less than a factor of 3 from the median. Kitteringham et al.[%] have
summarized the impact that EH polymorphism has on EH activity in the human population and they note:
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“To generalize from these studies, it appears that no individual is entirely deficient in HYL1 [microsomal
epoxide hydrolase], but there does exist some degree of intersubject variation in hepatic activity, although
the majority of the population would be encompassed by a 10-fold range.”

If the entire range of EH activity in the human population (including poor metabolizers and rapid metabolizers)
can be encompassed by a factor of 10, the difference in activity between the mean of the population and most
poor metabolizers can probably be described by a factor of 5, depending on the shape of the distribution.

The variability in EH activity seen in the human population has been associated with an increased risk of
some cancers, but not necessarily with cancers associated with EO exposure. For example, McGlynn et
all'21l have observed a 2-fold increase of hepatocellular carcinomas in a Chinese population with a
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morphism that results in lower EH activity. In addition, reduced ability to metabolize epoxides
olase has been associated with an increased risk of foetal hydantoin syndrome and(eth
pciated with the use of anticonvulsants (see Reference [93]). Presumably, since EO is detoxifie]
way, individuals with reduced EH activity as a result of reduced polymorphic expression of
d be at increased risk of EO-associated adverse effects relative to individualsyin ‘the pop
hbolizes epoxides efficiently.

3.1.3 Inhibition of EO detoxification enzymes

3.1.3.1 Inhibition in disease states

Xide hydrolase activity is inhibited during certain disease states, such as endotoxemia an

ck. Administration of bacterial endotoxin to rats inhibited beth"EH activity (see Reference [4

It in reduced EH capacity.

3.1.3.2 Inhibition by drugs and other compounds

anticonvulsant drugs, valproic acid and valpromide, have been shown to inhibit EH activity in
hpeutic concentrationsl88l. This inhibition is thought to play a role in the increased teratogg
wing co-exposure to valproic acid and-other antiseizure drugs in patients with epilepsy.

ificance of enzyme inhibition

physiologically based pharmacokinetic (PBPK) model of EO developed by Fennell and Brow
 to specifically assess the impact of GSTT1 and EH inhibition on the internal dose of EO.

centrations of EQ‘revealed that the changes in the values for the GST V,, ., parameter in the 1
ificant impact~oen’ venous blood concentration of EO in mice and rats, but not humans.
nges in thecvalues for the EH V., parameter in the model had a significant impact on vg
centration 0f'EO in humans, but not mice and rats. The sensitivity coefficient for the EH V5, A

via epoxide
er toxicities
d by the EH
he enzyme
ulation that

d traumatic
9]) and EH

b expression (see Reference [36]). Microsomal EH was inhibited approximately 50 % in an afimal model

states that

humans at
bnicity seen

h[51] can be
A\ sensitivity

ysis conducted by.these investigators of the impact that each parameter has on modelled vg¢nous blood

hodel had a
Conversely,
nous blood
arameter in

ans was“about -0,4 %. Therefore, for every 1 % reduction in the value for the EH V., pa
busblood concentration of EO would be expected to increase by 0,4 %. Consequently, the 50

inv

H_that may occur in some disease states (e.g., trauma, sepsis), would be associated with a 20

ameter, the
% inhibition
% increase
on venous

blood concentrations of EO in humans. Therefore, although inhibition of EH can lead to important clinical
consequences (e.g., drug interactions), the impact of EH inhibition on estimated internal doses of EO in
humans can be accounted for by a factor of 2 or less, based on the results of the PBPK modelling exercise.

G.4.3.1.4 Glutathione levels

Detoxification of EO via the GSTT1 pathway requires sufficient levels of endogenous glutathione to be
available in the tissues as a co-factor. A number of studies have shown that critically ill or post-operative
patients typically have lower tissue levels of reduced glutathione (GSH) than healthy persons. For example,
Wernermanl'97] found that surgery and critical illness reduce glutathione levels by 40 %. As a result, critically
ill patients could be at increased risk of developing EO-associated effects, compared to healthy persons.
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G.4.3.1.5 Polymorphism of DNA repair capacity

Another pharmacodynamic factor, polymorphism in genes associated with DNA repair, as well as carcinogen
metabolism, can have an impact on cancer risk (see Reference [73]). Presumably, individuals with inefficient
DNA repair mechanisms may be at higher risk of EO-associated adverse effects than most individuals in the
general population. Some experimental data exist to support this assertion. Nivard('38] found up to 20-fold
enhanced mutation rates in the absence of maternal nucleotide excision repair (NER) in Drosophila exposed
to high concentrations of EO compared to repair proficient conditions. However, this increased mutation rate
was not seen in Drosophila at lower doses. Therefore, although inefficient DNA repair may place some
individuals at increased risk of EO-associated adverse effects, it is not possible to assess DNA repair
polymorphism data in a quantitative manner to identify a value for UF1 for EO.

Aggregate Variability

As discussg¢d above, various pharmacokinetic factors can result in a reduced capacity to métabolize [and
subsequently to detoxify EO in some patients. These factors include polymorphic expressiorn-of GSTT1|and
EH, inhibitipn of EH by drugs and other compounds, and reduced EH activity in certain~disease state$. In
addition, vgrious pharmacodynamic factors, such as lower levels of glutathione in tissues of critically ill
patients anfl polymorphism in DNA repair capacity may make the target tissues of some individuals more
susceptible|to damage by EO. It is not possible to use these data in a quantitative \way to select a valug¢ for
UF1; howeper, these factors, when viewed in aggregate, may inform the process of selecting a UF to
characteriz¢ inter-individual variability in response to EO.

It is possible to justify a value for UF1 of at least 6, based on the variability present in the haemoglpbin
biomarker flata reported by Fuchs[®l; however, this value probably* under-represents the differencg in
sensitivity Hetween the mean response in a healthy population and-the response of sensitive individuals|in a
population of critically ill patients.

Knudsenl®| considered the impact of multiple factors that influence metabolic capacity on the magnitude of
the UF to ag¢count for inter-individual variability and noted:

“In risk assessment the safety ‘factor’ of 10 iS.generally accepted to allow for variation in indivigual
susceptibility. Reviewing the literature justifiestthe factor of 10 when considering single polymorphigms.
Howevegr in an individual with several susceptible metabolism genotypes as well as other determinanis of
susceptibility, e.g. defective DNA repair, “poor-nutritional state, etc. the risk may increase far aboye a
safety factor of 10.”

The combirjed effect of these factors.is unknown; however, the data collectively suggest that a value for [JF1
that is gregter than the default of 10 would be appropriate. As a result, it appears that the most senditive
populations|would be adequately protected by a UF1 of 30 to account for inter-individual variability.

G.4.3.2 Inter-species differences (UF2)

G.4.3.21 Overview

Before speties dlfferences in potency are considered when deriving a value for UF2, it is important to|ask
whether the—results—seenin-experimental-animals—expesedtoEO-arerelevantfor humans—As—diseussed in
G.4.21 and G.4.2.2, the critical endpoints for Tl derivation for EO are reduced weight gain in rabbits
(limited/prolonged exposure category LOAEL) and altered spermatogenesis and testicular effects in
cynomolgus monkeys (prolonged exposure category LOAEL for non-cancer effects). Reduced weight gain in
experimental animals is a general effect that is considered to be adverse and relevant for establishing Tl
values. Spermatogenesis in non-human primates is organizationally similar to the process that occurs in
humans, with regard to length of the spermatogenesis cycle, duration of spermatogenesis, and number of
mitotic divisions (see References [124] and [195]). Consequently, non-human primates have been described
as an appropriate model for experimental studies of human spermatogenesis. By analogy, it can be assumed
that EO-induced effects on this process seen in cynomolgus monkeys would be applicable for humans. Since
EO is thought to exert its carcinogenic effect as a direct acting genotoxic carcinogen, the effects seen in
experimental animals are directly applicable for humans.
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Based on allometric principles, humans are assumed to be more sensitive to the adverse effects of chemical
compounds than experimental animals (see Reference [127]). As a result, a default UF of 10 is recommended
in 1ISO 10993-17 to account for the assumed difference in potency of a compound between experimental
animals and humans. However, several lines of evidence suggest that the potency of ethylene oxide is
equivalent among species. As described in more detail below, the results of physiologically based
pharmacokinetic (PBPK) modelling suggest that an internal dose in mice, rats and humans is expected to be
the same following inhalation exposure to a given concentration of EO. The results of the PBPK modelling
exercise are supported by data on species equivalence in internal dose of EO and similar compounds
(propylene oxide, styrene oxide) following inhalation exposure. These factors all support the selection of a
value of 1 for UF2 for use in deriving Tl values for EO.

G.4[3.2.2 Results of PBPK modelling
Using the PBPK model mentioned previously, Fennell and Brown[®!] found that estimated interrjal doses of

EO [area under the curve (AUC) in blood] were equivalent in mice, rats and humans following inhalation of low
congentrations of EO for 6 h (Table G.5).

Table G.5 — Estimated internal dose following inhalation of EO

Species

AUC (mg x htl)

EO concentration

(ppm)
Mouse Rat Human
1 0,044 0,059 0,056
10 0,44 0,59 0,57

Spelcies similarities in response
Using haemoglobin adduct levels as an index_of internal dose, Ehrenberg and Tornqvistl4®] fodnd that the

increment in adduct levels was consistent acress species exposed to the same concentration of EQ. Similarly,
the |nternal dose of EO from exposure to the'same EO concentration was similar across species (Table G.6).

Table G.6 — Inter-species comparisons of internal dose of EO[49]

Species
Dose metric
Mouse Rat Human

HOEtVal adduct increment 12 16 12
from 1 ppmh
Dose in blood

; 0,5 0,35 0,3
(Mh ppm~1)

CroSs—speties compariSor of poterncy for Sirmifar epoxides

Segerbackl165] reported that in vivo DNA adduct levels following inhalation exposure to propylene oxide were
equivalent across species. From a pharmacodynamic perspective, Bjorge et al.[23] found similar levels of
single strand DNA breaks in isolated human and rat testicular cells exposed in vitro to styrene oxide. Given
the similarities in structure and mechanism of action between propylene oxide, styrene oxide and EO, these
findings lend support to the conclusion that EO is equipotent across species.
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G.4.3.2.3 Species differences in DNA repair rates

DNA repair appears to proceed at similar rates across species, lending further support to the selection of a
value of 1 for UF2. For example, human and rat cells repair DNA lesions produced by methyl
methanesulfonate (MMS) at similar rates (see Reference [142]). Since EO and MMS exert effects on germ
cells via a similar mechanism (see Reference [192]), it can be assumed that DNA repair rates for EO will be
equivalent across species.

Based on similarities across species in modelled or measured internal dose of EO following exposure to the
same concentration of EO, and species similarities in DNA repair rates, scientific justification exists for

selecting a value of 1 for the UF2 parameter.

G.4.3.3 Quality and relevance of experimental data (UF3)

UF3 accounts for limitations in the toxicological data available for Tl derivation, including absence’ of NO
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Justification is provided above to support the selection of the following values for each of the uncertainty
factors necessary to derive a non-cancer Tl for EO:

As
available.

42

UF1 inter-individual variability
UF2 inter-species extrapolation

UF3 data deficiency

30
1

3 (if NOAEL is lacking)

a result, the aggregate MF to be used when a NOAEL is available is 30 and 90 when only a LOAEL is
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Application of the selected MFs to the NOAEL or LOAEL values from the critical studies yields the non-cancer
Tl values for EO shown in Table G.7.

Table G.7 — Derivation of non-cancer TI
(limited/prolonged exposure category)

NOAEL/LOAEL UF Tl
Study
(mg/kg/d) (mg/kg/d)
[169] 9 (NOAEL) 30 0,3
[82] 9 (NOAEL) 30 0,3
[107] 2 (LOAEL) 90 0,02

G.5 Cancer-based Tl values for EO

G.5.1 General overview

ISO|10993-17 offers flexibility in selecting the approach that is most appropriate for setting a cancgr-based T,
depgending on the available data and regulatory norms. Since EO éxeérts its carcinogenic effects via a
genptoxic mechanism, a linear extrapolation approach is generally considered to be the most|appropriate
method to estimate low-dose risks. This linear extrapolation approach can employ statistical, doge-response
models to estimate the dose associated with a given risk in humans at low doses or can involve gimple linear
extrBpolation from the lowest dose associated with increased\cancer risk in humans or experimeptal animals
to the dose associated with zero risk. Alternatively, a LOAEL-6r NOAEL/UF approach, similar to that used for
nontcancer risk assessment, has been advocated by some regulatory agencies, particularly thos¢ in Europe.
Finglly, a non-linear, biologically based approach for>EO risk assessment has been proposéd, but this
appfoach has not been fully validated or accepted.

Cancer-based Tl values for EO have been derived using the following approaches:
— |linear extrapolation from human data;

— |linear extrapolation from animal data;

— |application of UFs to LOAEL'values;

— |dose-response maodelling.

G.52 Approach 1! Linear extrapolation from human data

Gaylor[®6] cafculated an excess incidence rate of leukaemia of 0,043 in workers in Reference [71] exposed to
20 gpm EO-for an average of 3,9 years.

Absprbed dose associated with 0,043 excess cancer risk:

20 ppm x 1,8 mg/m3/ppm x 10 m3/d x 0,8 (absorption factor) x 5/7 + 70 kg = 2,94 mg/kg/d
Unit cancer risk:

0,043/2,94 mg/kg/d = 0,015 (mg/kg/d)~1
Dose associated with 10~4 excess cancer risk:

10-4/0,015 (mg/kg/d)~! = 0,006 7 mg/kg/d.
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G.5.3 Approach 2: Linear extrapolation from animal data

An increased incidence of leukaemia was noted in male rats at both exposure doses in Reference [108]. The
excess incidence of leukaemia in low dose (50 ppm) rats was 0,072 (0,11 in exposed vs. 0,038 in control).
The absorbed dose at this exposure concentration was:

50 ppm x 1,8 mg/m3/ppm x 0,29 m3/d x 0,68 (absorption factor) x 5/7 x 7/24 + 0,35 kg = 10,56 mg/kg/d

Unit cancer

0,072/1

risk:

0,56 mg/kg/d = 0,006 8 (mg/kg/d)~!

Dose assod

10-4/0,

G.5.4 App

An increaséd incidence of leukaemia, brain tumours and mesothelioma was observed \in rats expose

33 ppm of B
33 ppm
Application

G.5.5 App

ISO 10993-
to a carcin

derived inhglation unit risk values (risk associated with exposure to 1 pg/m3 EO) using a modelling apprd

of the dose
Occupation

Talblle G.8 — Equivalent dose associatedwith 10~ risk based on unit risk values derived

iated with 10~4 excess cancer risk:

D06 8 (mg/kg/d)~! = 0,015 mg/kg/d.

roach 3: Uncertainty factor approach

O for 2 y in References [172] and [173]. This exposure concentration is equivalent to:
x 1,8 mg/m3/ppm x 0,29 m3/d x 0,68 x 5/7 x 6/24 + 0,35 = 6,0 mg/kg/d
of an MF of 90 to this LOAEL dose yields a cancer-based Tl of 0;07 ' mg/kg/d.

roach 4: Linear dose-response modelling of human<data

17 instructs that when human data are available to assess the risk posed by exposure of pati
bgenic compound, these data are preferred overcanimal data. Seilken and Valdez-Floreg

-response data in the Union Carbide Corporation (UCC)[81] and the U.S. National Institutg
bl Safety and Health (NIOSH)[176] datasheets)\See Table G.8.

by Reference [166]

Data set Unit risk Equivalent dose associated with 10~ risk 2
(ug/m3)~1 (mg/kg/d)
ucc 5,1 xAQ7F 0,020
NIOSH 5,810°7 0,019

a8  Conversiomfe’mg/kg/d based on assumed ventilation rate of 10 m%d for a 5-day working

week, and a’body weight of 70 kg.

ents
[166]

ach
for

G.5.6 Comparison of cancer-based Tl value
See Table G.9.
Table G.9 — Comparison of cancer-based Tl values for EO
Approach Cancer-based TI (mg/kg/d)
Approach 1: Linear extrapolation (human data) @ 0,007
Approach 2: Linear extrapolation (animal data) @ 0,015
Approach 3: Uncertainty factor (animal data) ? 0,07
Approach 4: Linear dose-response modelling (human data) @ 0,020

a Based on 10~ excess cancer risk.

b Based on MF of 90.

44
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The cancer-based Tl values derived using Approaches 1, 2 and 4 range from 0,007 to 0,02 mg/kg/d. The
cancer based Tl derived using Approach 4 was calculated using dose-response modelling and presumably is
a more accurate representation of the dose-response relationship in humans. The Tl derived using
Approach 4 serves as the basis for the cancer-based TI.

Data from Reference [54] support the selection of this cancer-based TI. In this study, the lowest concentration
of EO associated with DNA single strand breaks in workers in the “higher sensitive” group was 0,6 mg/m3.
This EO concentration is equivalent to an absorbed dose of:

0,6 mg/m3 x 10 m3/d + 70 kg = 0,085 mg/kg/d

A cancer-based TI of 0,02 mg/kg/d should be adequate to protect against genotoxic effectsin|a sensitive
popllation.

G.5.7 Comparison of Tl values for EO

ISO[10993-17 instructs the user to compare non-cancer- and cancer-based Tl values and sele¢t the lower
valye as the basis of the permanent exposure category Tl. See Table G.10.

Table G.10 — Comparison of non-cancer- and cancer-based Tl values for EO

TI
Approach
(mg/kg/d)
Cancer-based
Linear dose-response modelling (human data) 0,020
Non-cancer — permanent
Uncertainty factor (Lynch et a/{{'071 1982 data) 0,022

As ghown in Table G.10, the non-cancer--and cancer-based Tl values for the permanent exposyre category
are pssentially identical.

G.g Calculation of tolerable exposure (TE) levels

G.6.1 Tolerable exposure TE

Tl vplues are modified-to account for the manner in which a particular device is used and to enable practical
calqulation of individdal device limits. The tolerable exposure (TE) is the product of the Tl, body| mass (m,),

and|a utilizatien\factor (UTF):

TE =FFx mp, x UTF

The hndy mass factor. r‘nmmnnly used in the absence of cppr‘ifir‘ pnfipnf pnpulnﬁnn information is 40 kg_

The utilization factor UTF is the product of a factor that accounts for exposure to EO from several devices, or
a concomitant exposure factor (CEF), and a factor to proportionally account for situations where a device is
not used for the entire duration period, termed a proportional exposure factor (PEF):

UTF = CEF x PEF

In the absence of specific information, default values for the CEF and PEF correspond to 0,2 and 1,0
respectively.
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G.6.2 Limited exposure TE
TE = 0,30 mg/kg/d x 70 kg x 0,2
TE equals 4,2 mg/d, rounded down for ease in calculating individual device limits to 4 mg/d.

Therefore, the average daily dose of EO would not exceed 4 mg/d (see G.1).

G.6.3 Prolonged exposure TE

TE = 0,36 |||9/’=\3/d Yas; Ir\y 0,2
TE equals 4,2 mg/d, rounded down for ease in calculating individual device limits to 4 mg/d.

Therefore, the average daily dose of EO would not exceed 4 mg/d. The current limit of 2,0.mg/d has heen
retained.

G.6.4 Permanent exposure TE
TE = 0J02 mg/kg/d x 70 kg x 0,2
TE equals 0,28 mg/d, rounded down for ease in calculating individual deviceJimits to 0,3 mg/d.

Therefore, the average daily dose of EO would not exceed 0,3 mg/d. As noted in 4.3.2, the current linit of
0,1 mg/d hgs been retained.

G.6.5 Calg¢ulation of Tolerable Contact Limit (TCL)

G.6.5.1 Rptionale

Because EOQ can be irritating, calculation of a TChkls relevant. A TCL is necessary for EO-sterilized surface-
contacting and implantable devices. The approach-described in ISO 10993-17 was used to derive TCL values
for EO.

G.6.5.2 Selection of critical studies

A number of studies (References (12], [117], [168] and [179]) contain dose-response data that may be usdd to
derive a TCL for EO.

Matsumotol!17] EO sterilized’ segments of cardiac and urinary catheters and allowed them to aerate for|6 h,
24 h, 48 h,|72 h, 96 htwer168 h. The amount of EO remaining on the catheters was determined folloying
aqueous extraction for three days. Two-centimetre sections of the catheters were implanted subcutaneously in
rats and thq animals Wwere sacrificed at 24 h, 48 h, 72 h and 1 week after implantation. The NIL and MIL on the
cardiac cathetef.was 0,46 and 1,02 mg EO/gm catheter, respectively.

Andersenl'Ialso conducted a study of EO-induced irritation from implanted materials; however, the amount
of EO in the material was determined by the difference in weight before and at various times after sterilization.
Because of the imprecision of this technique, these data will not be used to derive a TCL for EO.

Shupackl68l examined the local effects of EO-sterilized patches affixed to backs of human volunteers. The
material that produced effects at the lowest levels of EO was a PVC block. Irritation was seen following
contact with PVC blocks containing EO at 893 ppm. A NIL was not reported in the study for PVC blocks. The
blocks used in the study weighed 719mg, so the MIL is equivalent to 0,642mg EO
(0,893 mg EO/gm material x 0,719 gm PVC). Two square centimetres of material was in contact with the skin,
so the MIL for this study expressed on a surface area basis was 0,32 mg/cm? (321 ug/cm?).
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Tanakal'79 conducted a dermal irritation study of EO-impregnated gauze patches, in rabbits. The highest
dose that did not produce irritation was 0,75 mg/patch. The surface area of the patch was 1,77 cm2, so the
NIL expressed on a surface area basis was 0,424 mg/cm? (424 pg/cm?).

Anand["] saturated a cotton pellet with 0,5 ml of an EO solution, then placed the pellet in the cheek pouch of
a hamster. Following a 4 h exposure, the highest concentration of EO that did not produce irritation after a
14 d observation period was 2 500 ug/ml. Since the effective surface area of a hamster cheek pouch is about
1,5 cm2, the NIL expressed on a surface area basis is 833 ug/cm?2.

The NIL values obtained from these studies are summarised in Table G.11.

Table G.11 — Comparison of studies of irritation effects of EO

Study Device/material N(Ill;g%mwzll)L
[117] Cardiac catheter 103
[168] PVC block 321
[179] Gauze patch 424
[11] Cotton pellet 833

G.6/5.3 Selection of uncertainty factors for TCL derivation

As in the derivation of Tl values for EO, uncertainty factors are used in the derivation of a TCL to|account for
intef-individual variability in the human population in theitritant response to a compound (UF4), inter-species
diffgrences in response to an irritant (UF5) and for deficiencies in the data (UF6).

G.6|5.4 Inter-individual variability (UF4)

Data are not available to establish a compound-specific UF4 for EO. Although the variability inf the human
popllation to a given dose of various contact irritants has been well established (e.g. Reference|[21]), these
datg are not sufficient to provide support for a default value for UF4. Nevertheless, inter-individual jvariability is
asstimed to be minimal for the gffects seen after implantation of EO-sterilized materials. Somgwhat more
variability can be expected for dérmal contacting materials, especially if the skin is not intact. As|a result, an
UF4 value of 3 will be used to_derive the TCL for EO when the irritation data are obtained from implantation or
mudosal contact studies ahd an UF4 value of 5 when the studies involve EO effects on skin.

G.6/5.5 Inter-species differences (UF5)

Data are not readily available to derive a compound-specific UF5 value for EOQ. However, it is agsumed that
spegies-speeific responses do not occur for the local effects produced by EO, especially for implanted
materialssTherefore, a value of 1 will be used for UF5.

G.65.6—Data-deficiencies

Various tissues differ in their relative sensitivity to local irritant effects. Therefore, the potential exists for EO-
sterilized devices to come into contact with tissues (e.g., brain parenchyma) that may be more sensitive to the
effects of EO than the sites used in the studies that are available for derivation of the TCL. A factor of 3 is
employed to account for the potential that EO-sterilized materials may come into contact with sensitive
tissues.

A NIL value was not identified in Reference [168]. A factor of 2 was used to account for the lack of a NIL.
As noted in 1ISO 10993-17, the critical concept in deriving either a Tl or a TCL for a compound is “dose-to-

patient” or bio-available dose. When local irritation studies are conducted by placing the material in contact
with the skin or mucosa, a certain amount of the EO can remain in the device and a certain amount can be

© 1SO 2008 — Al rights reserved 47


https://standardsiso.com/api/?name=a4fbaf9421ac88b638cfd1ff0bd20efd

ISO 10993

-7:2008(E)

volatilized. Either of these processes result in less EO being available to produce the irritant effect at the
target tissue site. Data are not available on the bio-available dose of EO in Reference [11], [168] or [179], but
it will be assumed that 50 % of the dose reaches the target site. As a result, a factor of 2 will be used to
account for questions about bio-available dose in these studies.

Exposure in [11] took place for 4 h only; however, the potential exists for EO-sterilized materials to be in
contact with tissues for more than 4 h. A factor of 2 was used to account for the potential that adverse effects
could have been seen at lower doses of EO in contact with tissues for a longer period.

The UF4, UF5 and UF6 values applied to each study, the resulting MF, and the corresponding TCL values,
are presented in Table G.12.

Based on f

Table G.12 —Uncertainty factors and modifying factors derived for
studies of the irritation of EO and the TCL derived from these data

NIL/MIL TCL
Study Site UF4 | UF5 | UF6 | MF
(ug/cm?) (Mgiem?)
[117] Implantation 103 3 1 3 10 10,3
[168] Dermal 321 5 1 12 60 5,4
[179] Dermal 424 5 1 6 30 14,1
[11] Mucosa 833 3 1 12 36 23,1

he values derived from these four diverse studies and:considering the clinical relevance of

the

contacting fissues (mucosa and implantation), the lower TCL of¢10 pg/cm?2 will be adequately protective for

EO-induced

G.7 Calc

The allowa
medical de
individual d

and a benetit factor BF:

AL=T

The benefit
residue is u
that particu
from use of
at 1, excep
duration ca
Annex F.

local effects in various tissues.

Llation of allowable limits

ple limit (AL) is the largest amount:.of EO deemed acceptable as a result of exposure fro
ice, and is expressed in units of_milligrams per day. Allowable limits are readily converte
pvice limits and these calculations are highlighted in Clause G.8. The AL is the product of the

E x BF

factor BF is appropriate in some instances where exposure to a particular leachable substand
havoidable upon use of a medical device, and there is significant health benefit arising from ug
ar medical déevice. Because there is no readily quantifiable and/or significant health benefit ari
EO-sterilized devices (as opposed to that device sterilized in an alternative manner), the BF i
for some'specific device categories discussed separately in Annex F. Therefore, for all expo
egories; the allowable limit is equal to the tolerable exposure value unless otherwise specifig

m a
d to
TE

e or
e of
5ing
set
sure
d in

G.8 Calculation of device limits

G.8.1 General considerations

The maximum amount of EO, expressed as mass from a medical device, is the product of the allowable limit,

AL, and the

number of days a device may be used in the specific exposure duration categories:

Myev. cat = AL x days in category

48
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G.8.2 Limited contact devices

Medical devices in the limited exposure category may be used for up to 1 d:
Myey 1mt = 4,0 mg/d x 1d =4 mg

G.8.3 Prolonged contact devices

Medical devices in the prolonged exposure category may be used from 2 d to 30 d. If the AL for the prolonged
category derived herein were used, then the device limit would correspond to

=4,0 mg/d x 30 d =120 mg

Mdev, prol

However, the current limit of 2,0 mg/d has been retained and therefore, the prolonged ¢evice limit
corresponds to

Mdev, prol = 2,0 Mg/d x 30 d = 60 mg

In afddition, the maximum dose of EO should not exceed 4,0 mg in any one-day, period.

G.8.4 Permanent contact devices

Medical devices in the permanent exposure category may be used from 31 d to 25 000 d. If th¢ AL for the
permanent category derived herein were used, then the device limit would correspond to

Mgev, porm = 0,28 Mg/d x 25000 d = 7,0 g

However, the current limit of 0,1 mg/d has been\retained and therefore, the permanent fevice limit
corresponds to

=0,1mg/dx25000d=2,5¢

Mdev, perm

In gddition, the maximum dose of EQ:should not exceed 60 mg in the first 30 d, or 4 mg in gny one-day
peripd.

G.8.5 Limit based on TCL value

For|surface-contacting devices, a TCL-based limit is relevant. The formula for calculation of § mass limit
based on the TCL is as\follows:

mdev’ BSC =TChx A
where

Myev. Bsc IS the mass per device, i.e. maximum dose to patient, in milligrams;

TCL is the tolerable contact limit, in milligrams per square centimetre;
A is the surface area of medical device in contact with the body, in square centimetres.

Therefore, for individual devices, the approximate area in square centimetres would be multiplied by the TCL
of 10 pg/cm? to arrive at the device limit.

EXAMPLE Device surface area in contact with the body = 100 cm?:

mdev, BSC = 10 pg/cm? x 100 cm? = 1 mg
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Annex H
(informative)

Establishment of allowable limits for ECH

H.1 General
The acute foxicity data and repeated dose data demonstrate that ECH is readily accessible to the syste
circulation fpllowing skin, oral and parenteral exposure. Inspection of median lethal dosages (LDgp)-and

observed-aglverse-effect levels (NOAELSs) also suggests that the potency of ECH at specific ime”inter
limited expg@sure, prolonged and permanent, is comparable by oral and parenteral routes of exposure. B3
upon data denerated in subchronic and chronic toxicity studies, ECH does not appear to become more pg
as the duragion of exposure is increased. While ECH is not notable for its target organ téxicity, specific tg
organ effecfs can vary with route and duration of exposure. The allowable daily dose_ limits that are discus
in the reaclions that follow reflect these general observations. For the prolonged.and permanent cor
categories, fthe existing limits from the 1995 standard have been retained, although-the derived Tl values
corresponding device limits from the evaluation presented herein support higher levels. The rationalg
retaining the current limits is the successful clinical history since adoption ofithe 1995 standard, and the a
of manufacturers to comply with these limits. Concomitantly, there is-ho) current clinical or manufactd
reason to raise the existing limits for the prolonged and permanent categories to the levels supported by
evaluation described herein.

H.2 Introduction

The residuq limits for ECH in medical devices contained in this annex were established using the methodo

mic
no-
als,
sed
tent
rget
sed
tact
and

for
Dility
ring
the

ogy

outlined in Clause 4 of ISO 10993-17:2002 to establish the Tolerable Intake (TI). The limits for ECH in medlical

devices wefe established based upon the evaluation of many literature reports. Acute toxicity data, tg
organ effec{s data and animal chronic toxicity data were deemed the most appropriate for the derivation o
limits themdelves as discussed in H.4.

H.3 Methods

H.3.1 Ovdrview

The approgch described.in 1ISO 10993-17 was used to derive Tl values for ECH for various duration
exposure.

The potential exists for patients to be exposed to ECH released from medical devices for limited to perma
duration dug toithe extent of medical device exposure. As a result, it was necessary to derive separate lim

rget
the

s of

hent
ted,

prolonged and permanent Tl values for this compound. Although patients are typically exposed to ECH

via

parenteral routes of exposure in clinical settings, very little toxicity data are available to derive Tl values for
these routes of exposure. In contrast, there is a database available on the effects of ECH in experimental

animals.

H.3.2 Route-to-route extrapolation of dose

There are limited data which reference the ECH exposure to patients via the inhalation route. ECH exposure
results from the derivitization of EO to ECH with the addition of a chlorine molecule and therefore exists due to

environmental factors. A route-to-route extrapolation of dose was not conducted as part of this
assessment for ECH.

risk
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H.3.3 Non-cancer risk assessment approach

Tl values for non-cancer effects of ECH were derived by dividing the most relevant NOAEL or LOAEL values
from critical studies by uncertainty factors to account for data on the variability in response to EO in human
populations (UF1), potential species difference in potency (UF2) and data deficiencies (UF3). ISO 10993-17
emphasizes the use of scientific data, when available, to derive uncertainty factors applied to the data from
key toxicity studies when deriving Tl values. Consistent with this philosophy, data on the variability in
response to ECH in human populations and on the potency of ECH across species was used in deriving
values for UF1 and UF2, respectively.

H.3.4_Cancerrisk assessment approach

ECH has exhibited no potential to produce cancer in bioassays in animals and is not considered a possible
human carcinogen by regulatory agencies or consensus groups. A cancer-based Tl value'was nqgt calculated
for ECH as part of this assessment.

H.3l5 Effects not considered in deriving Tl values for ECH

It should be noted that the Tl values for ECH based on non-cancer effects ‘are not necessarily pfotective for
imnunological effects such as hypersensitivity reactions and anaphylaxis;.nor are they necessarily protective
for g¢ffects such as haemolysis. Other approaches may be necessary te\protect patients against these effects
that|have been associated with exposure to ECH.

H.4 Non-cancer-based Tl values for ECH
H.4,1 Selection of critical studies

H.4/11.1 Limited exposure limit

The|allowable limit (AL) for the limited exposure limit of ECH for the duration of less than 24 h is $ mg/d. This
limif is based on the data collected Afrom a subchronic intraperitoneal injection study in rats|for 30 d of
6,4 mg/kg ECH as the no-observed-adverse-effect level (NOAEL) (see Reference [103]). Thi$ dose was
derived from a one-tenth dose level of a previously conducted study by the same investigators, yhich led to
an lIDg, value of 64 mg/kg (seg Reference [102]). Similar acute toxicity LDg results were reported by several
invgstigators (References [104],[116], [159], [162], [194] and [203]) in several species by variolis routes of
adnjinistration. Acute toxiCity- data, including median lethal dosages (LDsg), were available and evaluated,
althpugh they were not.appropriate for this assessment. The LD5, data are summarised in Table

Insgection of the data'in Table H.1 suggests that the toxicity of ECH for limited exposure, i.e. less than 24 h, is
neafly identical regardless of the route of exposure and is relatively similar across species.

Singe the data reflect LDg( values in Table H.1, and not a NOAEL or a LOAEL, then the value defermined as
the ho-ebserved-adverse-effect level (NOAEL) provided by Reference [103] was used as previous|y indicated.
In that-study, the dose of 6,4 mg/kg/d was chosen by the investigators to represent a one-tenth |of the LD
udy- y
value of 6,4 mg/kg/d was used here in conjunction with the guidelines of 1SO 10993-17 to formulate the
allowable limit (AL) for ECH using the appropriate uncertainty factors and modifying factors:

NOAEL = 6,4 mg/kg/d
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Table H.1 — Median lethal doses (LDs) for limited exposure allowable limit for ECH
Oral LDs5q Intravenous LDs; | Intraperitoneal LD5q | Subcutaneous LDs5q Other LD5,
(mgrkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

rat: 44
rat: 50
rat: 58
rat: 60
rat: 60
rabbit: 60
rat: 63
rat: 70
rat—64
rat: 71,3 rat: 67
rat: 70 rat: 60
rat: 72 rabbit: 80
rabbit: 80 rat: 72 Skin
npouse: 80 rat: 84
rabbit: 84,6 rabbit: 100 rabbit)67,8
mpuse: 81,4 rat: 100
guinea pig: 85 mouse: 120 guinea’pig: 84
ouse: 91 rat: 110
guinea pig: 85,5 mouse: 150
ouse: 95 mouse: 120
) 0 110 rabbit: 90
guimea pig:
mouse: 97
mouse: 150
mouse: 98,4
mouse: 180
mouse: 120
mouse: 130

Uncertainty

UF1 (i

UF2 (in

UF3 (q

A default v
from the mq

A value of |

indicating {hat low concentrations of ECH are detoxified in the liver by glutathione conjugatior

S-carboxyn
are present
overt toxicit
6,4 mg/kg/d

factors (UFs):

ter-individual variation among humans) = ~ 10

ter-species variation) = 1

Liality/relevance of the data)= 1
plue of UF1 = 10 for inter-individual variation among humans is used since the value is der
dian value in animals-and the assumption is that there would be similar variation among huma

JF2 = 1 for thednterspecies variation is based on the understanding from References [80] and

ethlyglutathione. Detoxification is maintained as long as sufficient concentrations of glutath
At higher‘exposures of ECH, glutathione concentrations would be depleted leading to a ger
y. Since-animals and humans have this same mechanism of detoxification and the concentratid
results in a NOAEL, then the value of UF2 is appropriately set at 1.

ved

[81]

to
one
eral
n of

A value of UF3 = 1 is appropriately set due to the relevance and strength of the data.

a) Modifyi
—MF
— MF
— TI=
52

ng factor (MF):

= UF1 x UF2 x UF3 or

=10x1x1=10

NOAEL/MF, or Tl = 6,4 mg/kg/d/10 = 0,64 mg/kg/d
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Utilization factor (UTF):

UTF = CEF (concomitant exposure factor) x PEF (proportional exposure factor)
CEF =0,2

PEF =1

UTF=02x1=0,2

Tolerable exposure (TE):

-7:2008(E)

— TE=TIxBW x UTF
— TE = 0,64 mg/kg/d x 70 kg x 0,2 = 9 mg/d

d) |Allowable limit (AL):

case-by-case basis. In this case achieving the TE is feasible for ECH and.therefore the BF is
equal a value of 1. The calculation for the allowable limit is as follows:

Allowable Limit = TE x BF
AL =9 x 1 =9 mg/d for less than 24 h exposure

The limit is acceptable in the context of NOAELs derived from the subchronic/reproductive
based on the low NOAEL of 6,4 mg/kg/d for a 70 kg adult for repeated administration.

H.4/1.2 Prolonged exposure limit

The| AL for the exposure for 24 h to 30 d is_3,8 mg/d, not to exceed 9 mg/d in any given day or

30 d period (3,8 mg x 30 d). This limitiwas based upon subchronic toxicity and reproductive

(teratogenicity) generated in several_species. These data have been reported by many i
(Reterences [8], [10], [18], [38], [83], [85], [103], [145] and [203]). In repeated-dose, oral and
studies lasting for varying time, périods up to 403 days, ECH produced a variety of adverse effed
death (accompanied by increased relative organ masses, darkened mottled liver, haemorrhag
haemorrhagic pituitary gland; haemorrhagic gastrointestinal tract, myocarditis, thyroid cong
congestive pulmonary changes in one study). Additionally, ECH produced decreased body mass
increased brain, adrenal,"kidney, lung and thyroid mass, small testes or testicular injury, emesis
haemoglobin, packed-cell value and haematocrit, liver injury, ectopic haematopoiesis and bq
hypercellularity, and-a shift in white blood cells towards lymphocytes. Dosages ranged from about
to 9B mg/kg/d-or more. Reproductive studies were solely teratology studies in which ECH was 3
duriphg variousvtime periods of gestation. In these studies, ECH produced maternal toxicity, foetal
in ohe study; an increase in foetal malformations. This latter effect was observed only in the offsp
give intravenously at a dosage of 120 mg/kg/d, a dosage well into the acutely lethal

This indent includes the use of a benefit factor (BF), which is performed_by“applying ISO 10993-17 on a

defaulted to

oxicity data

114 mg in a
bffects data
nvestigators

parenteral
ts including
c adrenals,
estion and
and growth,
decreased
ne marrow
P,7 mg/kg/d
dministered
oxicity and,
ring of mice
range (see

Refi 80
summarized in Table H.2.
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Table H.2 — Data used to establish prolonged exposure limit for ECH

Oral NOAEL Parenteral NOAEL
Study type mg/kg/d mg/kg/d
[Reference] [Reference]
) 13 2,7 prorated from 6,4 three times weekly
Subchronic
[145] [103]
50 9
Reproductive
[38] [83]
Inspection ¢f these data suggests that NOAELs of ECH for prolonged exposure periods, i.e. 1 d to-30°d| are
comparablg regardless of the route or specific target organ or reproductive effects. Animals may,be more
sensitive tq@ the general systemic toxicity of ECH than to its ability to produce adverse\change$ to
reproductiof. A subchronic study performed by Lawrence et al.[193] used the one-tenth dose 0f 6,4 mg/Hg/d,
which was talculated from the LDgy dose in their original study previously reported as 64'yig/kg. The sfudy
revealed thpt 6,4 mg/kg/d of ECH delivered 3 days per week for 30 d resulted in a calculated NOAEL for
parenteral x]dministration of 2,7 mg/kg/d. This dose in rats was used as the basis of the calculation of| the
allowable lifnit for prolonged exposure as follows:
NOAEL = 6,4 mg/kg/d x 3 d/7 d = 2,7 mg/kg/d
Uncertainty|Factors (UFs):
— UF1 (inter-individual variation among humans) = 10
— UF2 (inter-species variation) = 1
— UF3 (qgpality/relevance of the data) = 1
Uncertainty(factors used in this subclause are the same as previously used for the section on limited expogure
since the date and rationales are the same.
a) Modifying factor (MF):
— MF|= UF1 x UF2 x UF3
— MF|=10x1x1=10
— TI 3§ NOAEL/MF 0TI = 2,7 mg/kg/d/10 = 0,27 mg/kg/d
b) Utilizatjon factor’(UTF):
— UTK =/€EF (concomitant exposure factor) x PEF (proportional exposure factor)
— CEF =0,2
— PEF =1
— UTF=0,2x1=0,2
c) Tolerable exposure (TE):
— TE =TI/MF x BW x UTF
— TE =0,27 mg/kg/d x 70 kg x 0,2 = 3,8 mg/d
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This indent includes the use of a benefit factor (BF), which is performed by applying ISO 10993-17 on a

case by case basis. In this case, achieving the TE is feasible for ECH and therefore the BF is
equal a value of 1. The calculation for the allowable limit is as follows:

Allowable Limit = TE x BF

AL = 3,8 x 1 = 3,8 mg/d within a 30 d period

defaulted to

This limit is considered to be ar‘lpqnatply protective for a 70 kg man in Iighf of the observation that ECH

H.4

The
day
that

does not increase in toxicity after chronic vs. prolonged exposure. The limit is based on anima

1.3 Permanent exposure limit

allowable limit for permanent exposure of 30 d or more to life is 10 g, not to exceed 9 mg/d i

water until 24 months of age, rats received ECH by subcutaneous injection twice weekly for at

and
0,08
adm
four
exp

Insg
by

sub
ECH

rats and mice received ECH by dermal application for 103 weeks te-104 weeks. Dosages
inistration or evidence of chronic toxicity with the exception of & possible reduction in surviva
bsure limits are summarised in Table H.3.

ection of these data suggests that the NOAEL for ECH\for permanent exposure periods, i.e.
bral and parenteral routes are comparable. These\data are also comparable to those g

Chronic and reproductive toxicity studies. Animals are more sensitive to the general system
1 than to its potential, if any, to produce cancer,

Table H.3 — Data used to_establish permanent exposure limit for ECH

or 114 mg in a month. This limit was based upon chronic toxicity, genotoxigity)and carcinog
has been reported in References [81], [116] and [133]. In these studies, rats received ECH

d (see Reference [81]). The key data that became the basis for the calculation of prospective

data.

h any given
enicity data
in drinking
east a year
nged from

a
6 mg/kg/d to 71 mg/kg/d or more. In these studies, no increases:in tumour incidence rela,led to ECH

rates were
permanent

30 d to life,
enerated in
c toxicity of

Study type Oral NOAEL Parenteral NOAEL Dermal NOAEL
4 x LOAEL 2,9 prorated from 10 twice weekly
Chronic No Data
[81] [116]
16 71 prorated from 100 five
Carcinogenicity 81] No Data times weekly @
[133]
a  Ethylene chlorohydrin produced no increases in tumour incidence at the highest dosage tested.

The| Aowest-observed-adverse-effect level (LOAEL) for chronic toxicity, 2,9 mg/kg/d, gdministered
subeutaneouslytoratsfor at least one—year—andfortumourproduction—16-mglkgld—orally 1o rats until
24 months of age, was used for the calculation of a prospective permanent exposure allowable limit of 10 g as
follows:

Unc

LOAEL = 2,9 mg/kg/d

ertainty factors (UFs):
UF1 (inter-individual variation among humans) = 10
UF2 (inter-species variation) = 10

UF3 (quality/relevance of the data) = 1
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A default value of UF1 =10 for inter-individual variation among humans is used since the value is derived
from the median value in animals and the assumption is that there would be similar variation among humans.

A default value of UF2 = 10 for the inter-species variation is used since there is no clear understanding of the
long-term effects on the metabolic activity following ECH exposure in humans. It is thought that low
concentrations of ECH are detoxified in the liver by enzymatic glucuronidation to S-carboxymethlyglutathione
(see Reference [81]) but this is not sufficient to extrapolate to lifetime exposure.

A value of UF3 = 1 is appropriately set due to the relevance and strength of the data.

a)

b)

d)

Modify

ing factor (MF):

— MK =UF1 x UF2 x UF3

— MF=10%x10x1=100

— TI

Utilizat

= LOAEL/MF, or 2,9 mg/kg/d/100 = 0,029 mg/kg/d

on factor (UTF):

— UTF = CEF (concomitant exposure factor) x PEF (proportional exposure factor)

— CHF=0,2
— PHF=1
— UTF=0.2

Toleralple exposure (TE):

— TH=TIMF x BW x UTF

— TH=2,9 mg/kg/d/100 x 70 kg x 0,2 =-0;4g/d

Allowa

This in
case b

ble limit (AL):

jent includes the use of a_benefit factor (BF), which is performed by applying ISO 10993-17

equal g value of 1. The calcdlation for the allowable limit is as follows:

Allowa
AL=9

AL =2,

ble limit = TEXBF
x 1 =9 mg,n any given day, and

0 mglkg/d/i100 x 70 kg x 0,2 x 25 000 d = 10 g in a lifetime

DN a

case basis. In this case, achieving the TE is feasible for ECH and therefore the BF is defaultgd to

Upon examination of these prospective limits, 9 mg/d and 10 g/lifetime, it was determined that 9 mg/d would
be adequately protective of the adverse effects of ECH resulting from permanent exposure. The limit thus
provides at least a 100-fold safety margin for a 70 kg adult from the potential adverse effects of ECH resulting
from permanent exposure based on animal data.
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H.4.2 Selection of uncertainty factors for non-cancer effects
Table H.4 — Uncertainty factors for Tl derivation
. . . Magnitude of .
Uncertainty factor designation Range default UF Description
To account for the variability in response
UF1, inter-individual variability in between the mean of the healthy population
. 1to 10 10 . -
the human population and the response in some proportion of a
sensitive subpopulation
To account for the possibility that|humans are
UF2, inter-species extrapolation 1t0 10 1 more sensitive to the adverse” pffects of a
compound than experimenptal.aninfals are
To account for limitations in the Jtoxicological
UH3. quality and relevance of the data available for, Tl derivatiop, including
- a ya 110 100 1 absence of NOAEL value, absenge of NOAEL
experimental data
from a long-term)study, and lack pf data from
a clinically relevant route of expostire

H.§

The
ass
dev

A st
irritd
resy
resu
inveg
in tH
locq
che
eye
soly

Calculation of Tolerable Contact Limit (TCL)

re are limited published data available for the irritation effects of ECH. Calculation of a TCL is i
imed that a TCL derived limit is appropriate for surface-contacting devices and perhaps
ces.

udy was conducted by Guessl®'l in which dermal administration of undiluted ECH led to an
tion response in a rabbit. Intradermal and intramuscular injection of ECH, however, led to strq
onse at the site of injection. Dilution of\the ECH solutions to intradermal tissue and per
Ited in @ modulated response. At up 10-80 % dilution there was no irritation response found
stigators (see References [59], [61;.[102] and [103]) showed that when ECH was administer
e rabbit model at a mean concentration of 68 mg/kg there was little effect on the LDg(, but th
| irritation effect observed. It is _suggested that this is due to an extremely rapid absorption
mical which is then rapidly transformed in the liver to a toxic metabolite. Additional intraderma
irritation tests by these investigators resulted in high irritation score for undiluted ECH. Ho

Blevant. It is
implantable

nsignificant
ng irritation
ile mucosa
by several
ed dermally
ere was no
rate of the
and Draze
vever, ECH

tions of 5 % and 1 % (by volume) showed little to no irritation, respectively. These data indicate that ECH

is highly irritating to intradermal and ocular tissues. As a result, a TCL and an intradermal TCL wil] be derived
for hoth non-irritatingdeyel (NIL) and minimally irritating level (MIL) concentrations of ECH, respectively.
The] TCL is derived for ECH in the following manner. A modifying-factor approach is used to cplculate the
TCU. This approach incorporates the use of uncertainty factors (see above) to provide an acceptpble margin
of spfety against irritation. The formula for calculating the TCL, in milligrams per square centimetre, using the
modifyingfactor approach is
ToL = (NTCor ML)
(MFTCL x A)
where
MFTCL is the modifying factor (UF4 x UF5 x UF6);
NIL is the non-irritating level, in milligrams;
MIL is the minimally irritating level, in milligrams;
A is the body contact surface area, in square centimetres.
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Justification is provided above to support the selection of the following values for each of the uncertainty
factors necessary to derive a TCL:

UF4

UF5

UF6

inter-individual variability = 10

inter-species extrapolation = 1

data deficiency = 1

MFTCL=10x1x1=10

Lawrence ¢
0,2 ml per 3

no observed irritation in the skin and therefore the observed non-irritating level (NIL):

NIL = 8
Therefore,

TCL =
The TCL is
A secondar
dilutions of
NEecrosis wi
irritating (dd
due to the 1
the toxic log
from these

MIL = (
This meansg
and approx
the followin
Intradermal
Intradermal

Intradermal

This means

t al.[103] administered dermally to rabbits a maximum of 80 % solution of ECH in a voldm
,27 cm2 (0,5 in2) surface area. This is calculated to 160 mg of ECH per 3,27 cm?2 and resulte
0 % solution = 0,2 ml x 80 g/100 ml = 160 mg dosed

he TCL corresponds to:

160 mg/(10 x 3,27 cm2) = 4,89 mg/cm?2

thus considered to be 5 mg/cm?.

y intradermal irritation study in the rabbit was conducted by Lawrence et al.l103] using sey
ECH. In this study all dilutions caused dramatic local .dermal irritation leading to local tis

din

eral
sue

th minor exception. The dilutions of 1 % and 5 % ECK were both non-irritating and mini
ubtful), respectively, according to the standard scoring method used. This was suggested t
ctention of ECH in the local area, which was subsequently not biotransformed and therefore I
al tissue response. Not overlooking this, a secondary minimal irritation level (MIL) was calcul
ntradermal doses:

,5 % solution = 0,2 ml x 5 g/100 ml = 10.mg of intradermal ECH

that intradermal exposure is non-irritating at a dose of 10 mg per animal. For this purpose we
mation of 2,5 kg per rabbit. If we then apply the same uncertainty factors as the original TCL
j calculation will be for a man;

TCL = rabbit dose (mg/kg)/MFTCL x 70 kg man

TCL = [(10 mg/2/5-kg)/100] x 70 kg man

TCL = 17,5:mg/kg

that thecintradermal MIL for a man would be 17,5 mg/kg.

ally
be
dto
hted

use
hen
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ISO 10993-

Annex |
(informative)

Establishment of allowable limits for EG?®

Background

The
EO
not
con
use
was

for gstablishing allowable limits for EO and ECH to show that the allowable limits for EG would be

high

Where certain natural materials (e.g., collagen, cotton, etc.) are incorporated in EO-sterilized med

it is
ests
com

1.2

1.2.

The
acc
dos
time
ins
exp

1.2.]

EG
24 K
repg
(see6
hun
of H

 in the manufacture of EO-sterilized medical devices conversion of EO to EG-would not be
not considered necessary to establish allowable limits for EG. This annex us€s the same met

er than those for EO and ECH and are not likely to be reached for most-device materials.

possible that extremely high concentrations of EG may be ‘seen. The manufacturer is g
blish that, when such high EG levels are seen, this does_hot present a hazard to the
promise the performance of the medical device.

General considerations

|  Overview

acute toxicity data and repeated dose data demonstrate that, although EG is not very
bssible to the systemic circulation following oral and parenteral exposure. Inspection of m
hges (LDgps) and no-observed-effect levels (NOAELSs) also suggests that the potency of EQ
intervals, limited exposure, ete. is comparable by oral and parenteral routes. Based upon dat
ubchronic and chronic toxieity- studies, EG does not appear to become more potent as the
bsure is increased. The kidneys represent the primary target organ for EG.

D

Limited exposure

in duration;>This conclusion is based upon acute toxicity data generated in several animal
rts from.the literature regarding poisoning following ingestion of EG or products containing EC
References [85], [101], [116], [160], [162], [203] and [204]). There are also numerous repor
an’death resulting from ingestion of EG. Based upon these data, the estimated lethal dosage

7:2008(E)

residue limits for EG in medical devices were established using the methodology outlined\pieviously for
and ECH for non-cancer endpoints. EG is not a genotoxin (see References [17], [135],'and [[I36]), it has
exhibited any potential to produce cancer in animal bioassays (see Reference\[41]), apd it is not
sidered a carcinogen (see References [135] and [136]). For these reasons and because for mgst materials

ignificant, it
od as used
significantly

ical devices
autioned to
patient or

botent, it is
bdian lethal
at specific
h generated
duration of

does not represent a practical health hazard from exposure to medical devices for exposurgs less than

bpecies and
in humans
s regarding
in humans

G7is 1,4 ml/kg (see Reference [160]) or about 111 g to an adult. However, as it is known that g

aturation of

human metabolism of EG occurs at 125 mg/kg (see References [20] and [148]) and that human data is always
more persuasive in terms of setting safety levels, this dose was used as the basis for the calculations of the
allowable limit for limited exposure as follows.

NOAEL = 125 mg/kg/d

8) This information is included for completeness, as it is not considered necessary to set allowable limits for EG when

EOI

imits are controlled to the levels specified in this part of ISO 10993.
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Uncertainty factors (UFs):

— UF1 (inter-individual variation among humans) = 10 (default value)
— UF2 (inter-species variation) = 1 (human data available)

— UF3 (quality/relevance of the data) = 1 (relevant data)

Modifying factor (MF):

— MF=UF1xUF2x UF3 or MF =10 x 1 x 1 or MF = 10

1 =NOAEL .. _12,5mg/kg/d

E 10 or Tl =12,5 mg/kg/d

Utilization factor (UTF):

— UTF = CEF (concomitant exposure factor) x PEF (proportional exposure factor)
— CEF =D,2 (default value)

— PEF =1l (single day exposure)

— UTF=p,2

Tolerable exposure (TE):

— TE=T[xBW x UTF or TE = 12,5 mg/kg/d x 70 kg x 0,2 or. FE’= 175 mg/d
Allowable limit (AL):

— Benéfit|factor (BF) = 1 (default value)

— AL=TE xBF or AL =175 mg/d x 1 or AL =:175 mg/d or 175 mg/device

After examipation of this allowable limit, it was determined that it would be highly unlikely that humans cpuld
be exposed|to this much EG from limitedseXposure to medical devices.

.2.3 Pro|onged exposure

The prolonged exposure limitfor-EG was based on a review of the subchronic toxicity and reproductive effects
data (teratogenicity, dominantethality and reproductive toxicity) generated in animals (see References [42],
[55], [67], [115], [122], [187],1149], [150], [152], [153], [164], [185], [203] and [204]).

In repeated-dose oral, and parenteral studies lasting for varying time periods up to 157 d, EG producgd a
variety of aglverse.effects resulting primarily from its metabolism to oxalate, that included oxaluria, renal injury
(nephrosis, ftubular dilation, inflammation), elevated urea nitrogen and creatinine, renal crystals, crystals in| the
brain, decrg¢ased growth, centrilobular degeneration in the liver, shift in white blood cells toward neutrophils
and bone marrow hypercellularity and ectopic hematopoeisis. Dosages ranged from 50 mg/kg to 2 200 mg/kg
or more. Reproductive studies included teratology studies in which EG was administered during various time
periods of gestation and general studies in which the effects of EG on fertility, reproduction performance,
teratogenicity and feotal development, and the potential of EG to produce dominant lethal effects were
evaluated. These latter studies were multigenerational in duration.

Dosages ranged from 40 mg/kg to 5000 mg/kg or more. In the teratology studies (all conducted by oral
administration), EG produced maternal toxicity, embryo toxicity, foetal toxicity and abnormalities to skeletal
and visceral tissues at dosages above 150 mg/kg. In the multigenerational studies (also conducted only by
oral administration), a dosage of 1 840 mg/kg (estimated from a study in which EG was administered at a
concentration of 0,5 % in drinking water (see Reference [97]) produced no adverse effects while a dosage
greater than 1 000 mg/kg was required before indications of foetal toxicity (decreased pup weight), embryo
toxicity (decreased litter size) and teratogenicity were produced.
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Inspection of the data suggested that the no-observed-effect levels of EG for prolonged exposure periods, i.e.,
1d to 30 d, were comparable regardless of the route of exposure on specific target organs or reproductive
effect. Animals appeared to be somewhat more sensitive to the general systemic toxicity of EG than to its
ability to produce adverse changes to reproduction. To provide the greatest protection for the patient, the
lowest NOEL, 50 mg/kg from a subcutaneous toxicity study in dogs (see Reference [203]), was used as the
basis for the calculation of the allowable limit for prolonged exposure as follows:

NOAEL = 50 mg/kg/d

Uncertainty factors (UFs):

— |UF1 (inter-individual variation among humans) = 10 (default value)
— |UF2 (inter-species variation) = 5 (similarity in response)

— |UF3 (quality/relevance of the data) = 1 (relevant data)

Modifying factor (MF):

— [MF = UF1 x UF2 x UF3 or MF =10 x 5 x 1 or MF = 50

NOAEL _ 50 mglkg/d

— | TI=
ME or Tl

or Tl =1,0 mg/kg/d

Utiligation factor (UTF):

— |UTF = CEF (concomitant exposure factor) x PEF (pfoportional exposure factor)
— |CEF = 0,2 (default value)

— |PEF =1 (default value)

— [UTF=0,2

Tolgrable exposure (TE):

— |TE =TI x BW x UTF or TE'= 1,0 mg/kg/d x 70 kg x 0,2 or TE = 14 mg/d
Allowable limit (AL):

— | Benefit factof ABF) = 1 (default value)

— |AL = TEBF or AL = 14 mg/d x 1 or AL = 14 mg/d or 420 mg/device

I.2.4 CPermanent exposure

The permanent exposure limit was based on a review of the chronic toxicity and carcinogenicity data (see
References [24], [25], [41], [116] and [129]). In these studies, rats, mice and monkeys received EG in the diet
for two or three years and rats received EG by subcutaneous injection twice weekly for at least a year. In the
oral studies, animals exhibited renal changes (sclerosis, calcification, nepbhritis, tubular cell hyperplasia),
oxalate deposition, increased urea nitrogen and creatinine, reduced haematology parameters (haematocrit,
haemoglobin and red blood cell count), mineralization of soft tissues, parathyroid hyperplasia and liver injury
(fatty changes). These changes were not reported following subcutaneous administration nor were there any
increases in the incidence of tumour formation in these studies. Dosages ranged from 8,6 mg/kg to 800 mg/kg
or more.

Inspection of these data revealed some route sensitivity in the no-observed-effect levels for EG for permanent
exposure period, i.e., 30d to life; however, they are comparable to those generated in subchronic and
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reproductive toxicity studies. To provide the greatest protection for the patient, the lowest NOEL for chronic
toxicity, 40 mg/kg/d administered in the rats' diet for two years, was used as the basis for the calculation of the
allowable limit for permanent exposure as follows:

NOAEL =40 mg/kg/d

Uncertainty

factors (UFs):

UF1 (inter-individual variation among humans) = 10 (default value)

UF2 (in

UF3 (q
Modifying fé
MF = U

Ti=N

ter-species variation) = 5 (similar response)
Lality/relevance of the data) = 1 (relevant data)
ctor (MF):

F1 x UF2 x UF3 or MF =10 x 5 x 1 or MF = 50
PAEL or Ti=20MINGd o 7 0,6 mgikg/d

Utilization factor (UTF):

— UTF = CEF (concomitant exposure factor) x PEF (proportional exposure factor)
— CEF =D,2 (default value)

— PEF =1 (default value)

— UTF=D,2

Tolerable exposure (TE):

— TE=T|xBW x UTF or TE = 0,8 mg/kg/d,x 70 kg x 0,2 or TE = 11,2 mg/d
Allowable limit (AL):

— Benéfit|factor (BF) = 1

— AL=TE xBF or AL =5,6'mg x 1 or AL = 11,2 mg/d or 280 mg/device

1.2.5 Tolerable contact limit (TCL)

Global tole
exposure pl
EG be add

able contact limits were not developed for EG as the local concentration and specific route
{-a keyrolei in determlnlng the potent|al for Iocal |rr|tancy It is recommended that Iocal |rr|tat|c

s of
n of
that

EG has an overall low potentlal for skin irritancy. A single exposure to 10 % EG was negative in a human
patch test (see Reference [96]) while in another human study, repeated exposure indicated that EG was a
minor skin irritant (see Reference [168]). The non-irritating concentration for acute eye irritation ranged from
0,4 % to 5 % (see References [118], [119] and [120]) while the non-irritating concentration for repeated ocular
exposure was 20 % (see Reference [120]).
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Annex J
(informative)

Preparation of EO and ECH standards

J.1 Preparation of EO standards

J.1/1 Collection of EO gas

Connect the EO standard gas cylinder to a serum vial (approximately 30 ml capacity) as'shown in Figure J.1.
Vent the vial by placing a hypodermic needle through the septum, keeping the point,near the top of the vial.
Connect a length of polyvinyl chloride tubing to the outlet needle 2 and submergé_the end of thq tubing in a
beaker of water.

DANGER — To protect the analyst, it is extremely important that this-procedure be carried out under
an exhaust hood (fume cupboard). See 4.4.1.1.

Plage another length of tubing on the EO cylinder regulator and cehnect to a hypodermic needl¢. Insert the
secpnd needle, or inlet needle 1, through the vial septum, and pdsh-the point down to the bottom. $tart the EO
flow] through the system so that bubbles emerge from the vent\tube at the rate of one per second. Purge the
vial [for about 15 min. Remove the inlet needle from the viali;and allow the EO gas in the vial to equilibrate to
atmpspheric pressure by removing the vent needle fromithe vial as the last bubble emerges from the vent
tubg in the beaker. Using the ideal gas law approximatien, it can be shown that the concentration pf EO in the
vial s 1,83 pg/ul at 760 mm Hg 9 and 20 °C.

9) 1 mm Hg =133 322 Pa or 760 mm Hg = 101 325 KPa.
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1 main valye
2 EO gas lecture bottle
3 second dontrol valve
4 crimp cap with PFTE septum
5 EO outlgt needle 2
6 EOinletpeedle 1
7  serum vipl (30 ml)
8 beaker with water (300 ml)
Figure J.1 — Apparatus for the preparation of EO standards
The concentration of EO (€gg), in ug/ul, according to the ideal gas law, may be calculated for any gjven
temperaturg, 7 (°C), andpressure, p (mmHg), using the following equation:
P
Cgo =[0,706
EO 273+ T
where 0,706 _isthe inverse of the gas constant, R, for EQ, expressed in grams kelvin per millimetre of mertury

per litre.

J.1.2 EO standard dilutions for headspace methods

Dilute the standard from J.1.1 in a vial (nominal 15 ml) whose volume has been previously determined to the
nearest 0,01 ml (the same size that will be used in the sample analysis) and that is first purged with dry
nitrogen for 1 min. Remove about 10 pl of EO gas from the first vial with a gas-tight syringe. Remove the
syringe from the vial and depress the plunger to the desired volume of 10 ul with the needle pointing upward.

Place the nitrogen-flushed vial on to the upward-pointing syringe needle and inject the 10 pl of EO into the

vial. Do not flush the syringe; immediately remove it from the vial. The vial now contains 18,3 ug of EO at
20 °C and 760 mmHg. Adjust the concentration of EO for the ambient conditions described in J.1.1.
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Inject duplicate 100 ul aliquots of the gas from the second standard vial on to the column of the gas
chromatograph to obtain a response from the instrument. Prepare more highly concentrated standards by
diluting larger aliquots of the pure EO gas from the first vial. Since the vials contain freely-available EO gas,
the standards need not be heated as is required for the samples.

Store stock standard solutions in a refrigerator when not in use or if purchased, at the conditions specified by

the manufacturer (see Annex F). Establish storage stability and shelf life for EO stock. Prepare calibration
standards fresh daily. Discard after use.

J.1.3 EO standard dilutions for solvent methods 10). 11)

For|lincreased safety and accuracy, it is recommended that EO and ECH standards of known-gnd certified
congentrations be purchased from a commercial source. If this is not possible, then stock EQ_standards can
be grepared from the pure compound as described below.

Set|up an EO standard gas cylinder as described in J.1.1 with the volumetric flask,previously purged as
desgribed, placed in a dry ice/isopropanol bath, or equivalent, to condense the EQ)gas into a liqdid. Only the
polyvinyl chloride tubing and attached hypodermic needle supplying EO from the-gas cylinder arg¢ connected
to the vial. There is no need to vent the vial with a second hypodermic needle, since EO is collected as a
liquid.

Fill the vial with an adequate volume of liquid EO, close the valve‘on the gas cylinder and femove the
hyppdermic needle attached to the polyvinyl chloride tubing. Removeithe vial from the ice bath.

Weigh a sealed 100 ml volumetric flask (with a PTFE-sealed\valve) containing about 60 ml of sqglvent to the
neafest 0,1 mg. Add five drops of liquid ethylene oxide to‘the flask and reweigh the flask. Fill tHe flask with
solvient to the 100 ml line, invert and shake intermittently 12).

Prepare dilutions of the solution by diluting aliquotstwith an appropriate volume of solvent. If, fpr example,
exa¢tly 100 mg of EO were added to 100 ml of salvent, the resulting concentration would be 1 mgfml. Diluting
1 m| of this solution to 10 ml yields a 100 pg/m| EO standard. Prepare standard solutions of higIer or lower
EO [concentrations in a similar manner. Prepare standards to maximize the GC detection while bracketing the
EO |evel expected in the test sample.

Inje¢t duplicate 1 yl to 5 pl aliquots ‘of each standard on to the column of the gas chromatograph to obtain
responses for peak area or peak height.

Store stock standard solutions-in a refrigerator when not in use or if purchased, at the conditions ppecified by
the manufacturer (see Annex F). Prepare calibration standards fresh daily. Discard after use.

In the practice of GC; experience has shown that as samples are injected on to the GC column, the precision
of the injection improves as the volume of the injection increases. The constant error associa’Fd with the

inaqgcuracies of \the syringe calibration becomes a smaller fraction of the draw volume as the draw volume
increases. Faraccuracy, do not choose a syringe having a draw volume less than 10 % of the syripge volume.

In gttempting to increase draw volume accuracy by increasing the actual draw volume, cautiof should be
take i i injection volume

accuracy and precision are not a concern.

10) A previously cooled syringe will aid in transferring liquid EO. Care should be taken to make sure that the syringe
needle does not touch the solvent.

11) Experience has shown that the measurement errors associated with the preparation of the stock solutions are
constant, irrespective of the volume being prepared. The percentage error will be reduced if large volumes are prepared
and then used as needed.

12) If it is necessary to store the volumetric flask temporarily, it has been found that the standard solutions are most stable
when the volumetric flask is stored inverted.
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J.2 Preparation of ECH standards

Accurately weigh a 100 ml volumetric flask containing about 60 ml water to the nearest 0,1 mg. Add ECH
(about 100 mg) drop-wise to the flask. Re-weigh the flask and calculate the difference between the two
masses; then dilute to volume with water and shake. Store stock standard solutions in a refrigerator when not
in use (see Annex F). Establish storage stability and shelf life for ECH stock. Prepare working standards daily
and discard after use.

Equilibrate the ECH standards to room temperature. Prepare working standards at a minimum of three
concentrations. Test the linearity of the GC responses at these concentration ranges prior to their use as a
standard curve. Prepare the standards to maximize the GC detection while bracketing the ECH levels
expected in|the test sample. Inject duplicate 1 pl to 5 pl aliquots of each standard on to the column of the|gas
chromatogrpph to obtain responses for peak area or peak height.

NOTE This procedure can also be used for the preparation of EG standards.
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Annex K
(informative)

Ethylene oxide residue measuring methods

Results of interlaboratory evaluation of methods

KA1

An
Ref
toa

Ano
Ref
seri

The
The
30

Analytical data from samples of three different EO levels were obtained using both the solver
wed by a headspacé’gas analysis procedure (see Reference [136]) and the bromination method (see

follg
Ref
follo
vari
resy

K1

1 EO methods

interlaboratory evaluation was conducted at 13 laboratories using several \EO me
erences [112], [113] and [114]) on a series of samples with analytical values distributed from al
bout 350 ppm. The estimated total coefficient of variation of the methods is givenyin Table K.1.

Table K.1 — Comparison of intra- and interlaboratory variations

EO method Intralaboratory | Interlaboratory
Headspace method 3,7 % 21,3 %
Acetone method 4,1 % 16,3 %
DMF method 29 % 8,3 %
Aqueous method 2,7-% 17,0 %

erence [89]). Linear regression data werexobtained by comparing results obtained in two labor:
ps of samples with analytical values distributed from 3,6 ppm to 26 ppm.

regression equation calculated. was: y = 0,04 + 0,904x; correlation coefficient » = 0,974 (p
intralaboratory coefficient of.variation of the method was estimated as 4,0 % at 14 ppm EO
pm EO in the matrix tested((unpublished data provided by A. Nakamura, H. Kikuchi and K. Tsu

brence [89]) in two laboratories. Results were compared using linear regression analysis, whi
wing regressionndata y = —0,03 + 1,07x; correlation coefficient » = 0,999. The interlaboratory @
btion of the K:4.4 procedure was estimated as 4,7 %, 1,8 % and 2,7 % at 12 ppm, 25 ppm and
ectively.in the matrix tested (see Reference [132]).

2-"ECH methods

thods (see
out 40 ppm

ther interlaboratory evaluation was made, in which each laboratory used the same EO npethod (see

htories for a

0,000 01).
or 8,3 % at
ji).

t extraction
Ch gave the

oefficient of
56 ppm EO

An interlaboratory evaluation was conducted for ECH (see Reference [14]). The estimated total coefficient of
variation of the methods was as follows:

The

Intralaboratory 7,46 %
Interlaboratory 10,99 %

se data were obtained for ECH concentrations of about 3,0 ppm to 100 ppm.
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K.2 Apparatus and reagents

K.2.1 Apparatus

K.2.1.1

NOTE 1

NOTE 2

Gas chromatograph, equipped with a flame ionization detector (FID) or an electron capture
detector (ECD) and chart recorder.

The ECD will not detect EO unless it is first derivatized with hydrogen bromide.

An electronic integrator is valuable in obtaining reproducible results.

K.2.1.2

K.2.1.3
standards.

Care should be taken in selecting glassware of an appropriate volume in order to minimize headspace

the extracti
not exceed

K.2.1.4
chromatogr

K.2.1.5
K.2.1.6
K.21.7

K.2.1.8
and for inje

K.2.1.9

K.2.1.10
K.2.1.11
K.2.1.12

K.2.1.13
calibration {

K.2.1.14
equipped w

Hypodermic needles and polyvinyl chloride tubing, as required for preparing standards!

Volumetric glassware, equipped with PTFE-lined septa or PTFE-sealed valves forl prep3

bn solution or standard solution. When preparing liquid standards or extracts; headspace sh
10 % of the standard or extractant volume.

Micro-syringe, (5 ul or 10 ul capacity) for injecting aliquots ‘of ‘the extract into the
Aph.

Fume hood, to provide adequate ventilation while preparingsstandards and samples.
Analytical balance, capable of measuring to 0,1 mg.
Gas regulator, for lecture bottle containing EO.

Gas-tight syringes, of 10 pl, 5 pl, 100 pl and 1 000 ul capacities for use in preparing stand
ting headspace gas on to the column of the)gas chromatograph.

Laboratory oven, capable of heating'samples to (100 + 2) °C.
Laboratory oven, capable of ‘heating samples to (37 + 1) °C.
Water bath, capable of maintaining samples at (70 + 2) °C.
Mechanical shaker:

Glass headspace vials with PTFE-lined septa, of nhominal 20 ml capacity for preparatio
tandards.

th a PTFE-lined silicone septum and thin PTFE film, used for extraction of EO and reaction of

with bromolpyrin if applicable.

ring

bver
buld

gas

Ards

h of

Flat-bottom screw-cap vial, of a size that will accommodate the sample and extraction fjuid,

EO

K.2.1.15

K.2.1.16

K.2.1.17

Injection needle, of dimensions 0,65 mm x 25 mm for addition of hydrobromic acid.

Millipore filter, of 0,45 uym pore size for filtration of the reaction mixture before chromatography.

Refrigerator, capable of maintaining samples between 2 °C and 8 °C.

K.2.2 Reagents

K.2.2.1

K.2.2.2

68

Epoxyethane (ethylene oxide), in suitable gas bottle, 99,7 % pure.

2-chloroethanol (ethylene chlorohydrin), 99 % assay.
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K.2.2.3 1,2-epoxypropane (propylene oxide), reagent grade.

K.2.2.4 Freshly double-distilled hydrobromic acid, prepared as follows:

Distil 100 ml of 47 % hydrobromic acid in the presence of 100 mg tin (ll) chloride. Discard the first 25 ml of
distillate and collect the next 50 ml of distillate. Re-distill 50 ml of the distillate in the presence of 50 mg tin (Il)
chloride, discard the first 15 ml of distillate and collect the next 20 ml of colourless liquid (bp 125 °C to
126 °C). Store in a glass-stoppered glass container and use within 1 week.

K.2.2.5 Tin (Il) chloride (stannous chloride), reagent grade.

K.2)2.6 Water, of purity suitable for GC.
K.2)2.7 Ethanol, of purity suitable for GC.
K.2)2.8 Propanone (acetone), of purity suitable for GC.

K.2j2.9 Dimethylformamide (DMF), of purity suitable for GC.

K.3 Standard preparation

K.3{1 Preparation of ethylene oxide standards

Where required, prepare appropriate standards as described.in*J.1.

K.3l2 Preparation of ethylene chlorohydrin standards

Where required, prepare ethylene chlorohydrin standards as described in J.2.

K.3{3 Preparation of propylene oxide (PO) standards

Prepare a PO standard by diluting PO-in ethanol to provide a solution containing PO at a condentration of
0,5 pg/ml.

K.4 Product extraction

K.41 General

Prepare extraets according to the principles described in 4.4.

K.4|2 Exfraction to simulate product use

Use waler t0 simulaie product use. Perform simulated-use exiraction under conditions that provide the
greatest challenge to the intended use.

For example, extract blood-contacting and parenteral devices with water by filling completely or flushing the
blood path or fluid path (whichever is appropriate).

NOTE When filling completely, ensure that no voids remain.
Where it is not possible to fill components of the device that come into contact with the patient, place all, or a
critical and representative portion, of the device in a suitable container and add water to achieve an

appropriate sample/extraction fluid ratio. Exercise caution; take several representative portions of the device
as necessary to ensure confidence in the data derived from small samples of larger devices.
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