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National foreword

This British Standard is the UK implementation of 
EN ISO 10993‑7:2008+A1:2022. It is identical to ISO 10993‑7:2008 
incorporating amendment 1:2019. It replaces BS EN ISO 10993-7:1996, 
which is withdrawn.

The start and finish of text introduced or altered by amendment is 
indicated in the text by tags. Tags indicating changes to ISO text carry 
the number of the ISO amendment. For example, text altered by ISO 
amendment 1 is indicated by  .

The UK participation in its preparation was entrusted to Technical 
Committee CH/194, Biological evaluation of medical devices.

A list of organizations represented on this committee can be obtained on 
request to its committee manager.

 Contractual and legal considerations 

This publication has been prepared in good faith, however no 
representation, warranty, assurance or undertaking (express or 
implied) is or will be made, and no responsibility or liability is or will be 
accepted by BSI in relation to the adequacy, accuracy, completeness or 
reasonableness of this publication. All and any such responsibility and 
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the 
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with 
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are 
responsible for its correct application.

This publication has been prepared under a mandate given to the 
European Standards Organizations by the European Commission and the 
European Free Trade Association. It is intended to support requirements 
of the EU legislation detailed in the European Foreword. A European 
Annex, usually Annex ZA or ZZ, describes how this publication relates to 
that EU legislation.

For the Great Britain market (England, Scotland and Wales), if UK 
Government has designated this publication for conformity with UKCA 
marking (or similar) legislation, it may contain an additional National 
Annex. Where such a National Annex exists, it shows the correlation 
between this publication and the relevant UK legislation. If there is no 
National Annex of this kind, the relevant Annex ZA or ZZ in the body 
of the European text will indicate the relationship to UK regulation 
applicable in Great Britain. References to EU legislation may need to be 
read in accordance with the UK designation and the applicable UK law. 
Further information on designated standards can be found at  
www.bsigroup.com/standardsandregulation.

For the Northern Ireland market, UK law will continue to implement 
relevant EU law subject to periodic confirmation. Therefore 
Annex ZA/ZZ in the European text, and references to EU legislation, are 
still valid for this market.
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EN ISO 10993‑7:2008/A1:2022 (E)

European foreword

This document (EN  ISO  10993‑7:2008/A1:2022) has been prepared by Technical Committee ISO/TC 
194 "Biological and clinical evaluation of medical devices" in collaboration with Technical Committee 
CEN/TC 206 “Biological and clinical evaluation of medical devices” the secretariat of which is 
held by DIN.

This Amendment to the European Standard EN ISO 10993‑7:2008 shall be given the status of a national 
standard, either by publication of an identical text or by endorsement, at the latest by July 2022, and 
conflicting national standards shall be withdrawn at the latest by July 2022.

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

Any feedback and questions on this document should be directed to the users’ national standards 
body/national committee. A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic 
of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the 
United Kingdom.

Endorsement notice
The text of ISO 10993‑7:2008/Amd 1:2019 has been approved by CEN as EN ISO 10993‑7:2008/A1:2022 
without any modification.
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EN ISO 10993‑7:2008/A1:2022 (E)

Annex ZA 
 (informative) 

 
Relationship between this International Standard and 
the Essential Requirements of EU Directive 93/42/EEC 

Medical devices

This International Standard has been prepared under a mandate given to CEN by the European 
Commission and the European Free Trade Association to provide a means of conforming to Essential 
Requirements of the New Approach Directive 93/42/EEC on medical devices.

Once this standard is cited in the Official Journal of the European Communities under that Directive and 
has been implemented as a national standard in at least one Member State, compliance with the clauses 
of this standard given in Table ZA confers, within the limits of the scope of this standard, a presumption 
of conformity with the corresponding Essential Requirements of that Directive and associated EFTA 
regulations.

Table ZA — Correspondence between this International Standard and Directive 93/42/EEC on 
medical devices

Clause(s)/sub-clause(s) of this Inter‑
national Standard

Essential Requirements (ERs) of Di‑
rective 93/42/EEC

Qualifying remarks/Note

4, 5 Annex I, 7.2 and 7.5 For presumption of conform‑
ity, the standard needs to be 

interpreted as explained in the 
European Foreword.

WARNING — — Other requirements and other EU Directives may be applicable to the product(s) 
falling within the scope of this International standard.

� iii

BS EN ISO 10993‑7:2008+A1:2022

Full document details: BS EN ISO 10993-7:2008+A1:2022

http://www.avadocuments.com/doc/bs-en-iso-10993-7-2008-a1-2022
http://www.avadocuments.com/doc/bs-en-iso-10993-7-2008-a1-2022


EN ISO 10993‑7:2008/A1:2022 (E)

Annex ZB 
 (informative) 

 
Relationship between this International Standard and the 

Essential Requirements of EU Directive 90/385/EEC on Active 
Implantable Medical Devices

This International Standard has been prepared under a mandate given to CEN by the European 
Commission and the European Free Trade Association to provide a means of conforming to Essential 
Requirements of the New Approach Directive 90/385/EEC on active implantable medical devices.

Once this standard is cited in the Official Journal of the European Communities under that Directive and 
has been implemented as a national standard in at least one Member State, compliance with the clauses 
of this standard given in Table ZB confers, within the limits of the scope of this standard, a presumption 
of conformity with the corresponding Essential Requirements of that Directive and associated EFTA 
regulations.

Table ZB — Correspondence between this International Standard and Directive 90/385/EEC on 
active implantable medical devices

Clause(s)/sub-clause(s) of this Inter‑
national Standard

Essential Requirements (ERs) of Di‑
rective 90/385/EEC

Qualifying remarks/Note

4, 5 Annex I, 9 For presumption of conform‑
ity, the standard needs to be 

interpreted as explained in the 
European Foreword.

WARNING — — Other requirements and other EU Directives may be applicable to the product(s) 
falling within the scope of this International standard.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

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

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

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

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

This document was prepared by Technical Committee ISO/TC 194, Biological and clinical evaluation of 
medical devices.

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

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

Part 7: 
Ethylene oxide sterilization residuals

1	 Scope

This part of ISO  10993 specifies allowable limits for residual ethylene oxide (EO) and ethylene 
chlorohydrin (ECH) in individual EO-sterilized medical devices, procedures for the measurement 
of EO and ECH, and methods for determining compliance so that devices may be released. Additional 
background, including guidance and a flowchart showing how this document is applied, are also 
included in the informative annexes.

EO-sterilized devices that have no patient contact (e.g., in vitro diagnostic devices) are not covered by 
this part of ISO 10993.

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

2	 Normative references

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

ISO 10993‑1:2018, Biological evaluation of medical devices — Part 1: Evaluation and testing within a 
risk management process

ISO 10993‑3, Biological evaluation of medical devices — Part 3: Tests for genotoxicity, carcinogenicity and 
reproductive toxicity

ISO  10993‑10, Biological evaluation of medical devices  — Part  10: Tests for irritation and delayed-type 
hypersensitivity

ISO  10993‑12, Biological evaluation of medical devices  — Part  12: Sample preparation and 
reference materials

ISO 10993‑17:2002, Biological evaluation of medical devices — Part 17: Establishment of allowable limits 
for leachable substances

3	 Terms and definitions

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

3.1
simulated-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

ISO 10993-7:2019(E)

© ISO 2019 – All rights reserved� 1
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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 extraction, or until there is no analytically significant increase in the cumulative residue 
levels detected

Note 1 to entry: As it is not possible to demonstrate the exhaustive nature of residual recovery, the definition of 
exhaustive extraction adopted is as above.

4	 Requirements

4.1	 General

NOTE	 Information on the derivation of the limits in this part of ISO  10993 as well as other important 
background information and guidance relevant to the use of this document is contained in the informative annexes.

This clause specifies maximum allowable residues for ethylene oxide (EO) for each individual medical 
device sterilized with EO. As noted in the introduction to ISO  11135‑1:2007, when determining the 
suitability of EO 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. Moreover, when the choice for EO sterilization has been made, irrespective of the provisions 
of this standard, exposure to EO residues should be minimized. Maximum allowable residues for 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 tolerable contact limit (TCL) as 
discussed in 4.3.5.2 and Annex G for EO, and 4.3.5.3 and Annex H for ECH. No device limits are specified 
for EG because a risk assessment (Annex I) indicates that calculated allowable levels are higher than 
those likely to occur in a medical device. However, the potential exists for acute haemodynamic and 
haemolytic effects to occur following rapid intravenous administration of hyperosmolar compounds 
like EG. Ethylene oxide sterilization of medical devices would not be expected to produce hyperosmolar 
solutions. Methods for the determination of EO and ECH are given in 4.4.

The requirements in this part of ISO 10993 are in addition to the biological testing requirements set 
out in ISO 10993‑1. For devices sterilized using ethylene oxide, attention shall be paid in particular to 
ISO 10993‑3 and ISO 10993‑10. All applicable requirements of ISO 10993‑1 shall take into account the 
EO residual level at the time of release for each individually designed medical device.

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

4.2	 Categorization of devices

In establishing the maximum daily doses of EO and ECH that a medical device is allowed to deliver to 
patients, devices shall be categorized according to the duration of contact.

Devices shall be placed into one of three exposure categories in accordance with 
ISO 10993‑1:2018:—, 5.3:

a)	 Limited exposure (A) – medical devices whose cumulative sum of single, multiple or 
repeated duration of contact is up to 24 h.

b)	 Prolonged exposure (B) – medical devices whose cumulative sum of single, multiple or repeated 
contact time is likely to exceed 24 h but not exceed 30 d.

c)	 Permanent exposure (C) – medical devices whose cumulative sum of single, multiple or repeated 
contact time 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 
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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.

4.3	 Allowable limits

4.3.1	 General

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, whichever extraction method 
is used. 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 should be given for proportioning the limits downward if multiple 
devices with the residue of concern are used at one time, e.g. multi-device systems, convenience kits, or 
proportioning the limits upward when device use is only for a part of the exposure period of concern. 
These concomitant exposure factors (CEF) and proportional exposure factors (PEF) are given in 
ISO 10993‑17. A default value of 0,2 for CEF have been given for 5 medical devices used and contributing 
to the patient residues daily exposure.

4.3.2	 Permanent contact devices

In the case of a device used in an adult of body mass mb = 70 kg, and with CEF = 0,2 and PEF = 1,0 
(default factors), the average daily dose of EO to patient shall not exceed 0,1  mg/d. In addition, the 
maximum EO dose shall not exceed:

—	 4 mg in the first 24 h;

—	 60 mg in the first 30 d;

—	 2,5 g in a lifetime.

When the device is intended to be used in special populations, the appropriate patient body mass 
shall be used for the derivation of the allowable limits. For example, if the device is intended to be used 
in premature neonates, neonates or children, the allowable limits shall be derived using the TI value of 
0,02 mg/kg/day for EO and 0,029 mg/kg/day for ECH as established in G.6.4 and H.4.1.3, respectively. 
The appropriate default body mass used for each category of special patient population shall be justified 
and documented.

4.3.3	 Prolonged exposure devices

In the case of a device used in an adult of body mass mb = 70 kg, and with CEF = 0,2 and PEF = 1,0 
(default factors), the average daily dose of EO to patient shall not exceed 2,0 mg/d. In addition, the 
maximum EO dose shall not exceed:

—	 4 mg in the first 24 h;

—	 60 mg in the first 30 d.

When the device is intended to be used in special populations, the appropriate patient body mass 
shall be used for the derivation of the allowable limits. For example, if the device is intended to be used 
in premature neonates, neonates or children, the allowable limits shall be derived using the TI value of 
0,3 mg/kg/day for EO and 0,27 mg/kg/day for ECH as established in G.6.3 and H.4.1.2, respectively. The 
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appropriate default body mass used for each category of special patient population shall be justified 
and documented.

4.3.4	 Limited exposure devices

In the case of a device used in an adult of body mass mb = 70 kg, and with CEF = 0,2 and PEF = 1,0 
(default factors), the average daily dose of EO to patient shall not exceed 4 mg. The average daily dose of 
ECH to patient shall not exceed 9 mg.

When the device is intended to be used in special populations, the appropriate patient body mass shall 
be used for the derivation of the allowable limits. For example, if the device is intended to be used in 
premature neonates, neonates or children, the allowable limits shall be derived using the TI value of 
0,3 mg/kg/day for EO and 0,64 mg/kg/day for ECH as established in G.6.2 and H.4.1.1, respectively. The 
appropriate default body mass used for each category of special patient population shall be justified 
and documented.

4.3.5	 Tolerable contact limits for surface contacting devices and implants

4.3.5.1	 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	 Tolerable contact limit for EO

Either the EO TCL for surface contacting devices and implants shall not exceed 10 µg/cm2 or it shall 
exhibit negligible irritation as specified in ISO 10993‑10.

4.3.5.3	 Tolerable contact limit for ECH for surface contacting devices

Either the ECH TCL for surface contacting devices and implants shall not exceed 5 mg/cm2 or it shall 
exhibit negligible irritation as specified in ISO 10993‑10.

4.3.6	 Special situations

For multi-device systems the limits shall apply to each individual patient-contact device.

Residue of EO in intraocular lenses shall not exceed 0,5  µg EO per lens per day, or 1,25  µg per lens. 
Prorate limits for other intraocular devices are set on the basis of the mass of the device, with the mass 
of an intraocular lens taken as 20 mg. The acceptability of ECH levels in intraocular devices made from 
viscoelastic materials that contain chlorine may need to be evaluated, as the level of ECH that results in 
ocular toxicity is about four times greater than the corresponding EO level.

For blood cell separators used in patient and donor blood collection, the maximum allowable dose of EO 
is 10 mg and the maximum allowable dose of ECH shall not exceed 22 mg.

For blood oxygenators and blood separators, the maximum allowable dose of EO to patient is 60 mg and 
the maximum allowable dose of ECH shall not exceed 45 mg.

For devices used in cardiopulmonary bypass procedures, the maximum allowable limits shall be 20 mg 
for EO and 9 mg for ECH.

For extracorporeal blood purification devices, the EO and ECH limits specified shall be 4,6 mg/device, 
but the allowable EO dose for a lifetime may be exceeded.
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For drapes that are intended to contact only intact skin, the maximum allowable limits shall be the TCL 
of 10 μg/cm2 for EO and 5 mg/cm2 for ECH, or the drapes shall exhibit negligible irritation as specified 
in ISO 10993‑10.

NOTE	 The rationale for specifying EO limits for certain devices that are at variance with the general 
requirements appears in Annex F.

A flowchart providing guidance for the application of this part of ISO 10993 to the determination of EO 
residuals in medical devices is presented in Annex C.

4.4	 Determination of EO and ECH residuals

4.4.1	 General

4.4.1.1	 Procedure

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.

DANGER — — Analysts and others who obtain samples should perform all work involving the 
use of the chemicals and solvents required for these methods in a fume cupboard whilst wearing 
appropriate protective clothing, and should review the Material Safety Data information for 
each chemical prior to such use. Healthcare workers using EO-sterilized medical devices shall 
take appropriate precautions to protect against exposure to residues, which may be required by 
local occupational health and safety regulations.

4.4.1.2	 Ethylene oxide

This is a flammable gas that is irritating to body surfaces and highly reactive. It is mutagenic under 
many conditions, has fetotoxic and teratogenic properties, can adversely effect testicular function 
and can produce injury to many organ systems in the body. In cancer studies in animals, inhalation 
exposure produced several types of neoplastic changes including leukaemia, brain tumours and 
mammary tumours while ingestion or subcutaneous administration produced tumours only at the site 
of contact. One investigator has reported higher cancer and mortality rates in some subpopulations 
of exposed workers. However, the results of several studies in workers have shown even weaker 
associations. See References [177], [178] and [181]. In 1994 the International Agency for Research on 
Cancer (IARC) reclassified EO as a human carcinogen (class 1) based mainly on its mechanism of action. 
See Reference [75].

4.4.1.3	 Ethylene chlorohydrin

This is a flammable liquid that is irritating to body surfaces, acutely toxic and readily absorbed 
through the skin in toxic amounts. It has weak mutagenic potential, has some potential to produce 
fetotoxic and teratogenic changes and can produce injury to several organ systems in the body 
including lungs, kidneys, central nervous system and cardiovascular system. It was negative in cancer 
bioassays in animals.

4.4.2	 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.4.7, no further monitoring for ECH is required.

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

4.4.3.1	 Product sampling

Samples to be used for residual analysis shall be selected in such a manner as to be truly representative 
of the product. When selecting samples, attention shall be given to the many factors described 
in Annex  D. Since many of these factors influence not only the initial levels of residuals in device 
components but also the rate of residue dissipation, they shall also be considered when test samples are 
drawn from a processed load and sent to the laboratory for analysis. Removal of the product samples 
from the processed load soon after a sterilization cycle is completed and shipment to a laboratory far 
from the sterilization site or storage in the laboratory for 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.

Precautions shall be taken to minimize or control the effects of laboratory conditions on the rate of 
aeration for test samples that have been removed from a product load (see D.1.5). In addition, operator 
and analyst safety shall be ensured. 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 stored frozen when analysis is delayed. Samples shall be shipped 
on dry ice on overnight delivery. Dry ice shall remain in the shipping container throughout the shipment 
and be present when the package is opened in the laboratory. Test samples may also be taken directly 
from the product load at the desired aeration interval and immediately placed into a headspace vial, 
which is sealed and then shipped to the laboratory for analysis. 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-cold temperatures (< 10 °C) 
until arrival. Testing should be carried 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 prepared according to any applicable pre-use instructions in the product labelling. Extractions 
shall be started as soon as possible after the device has been removed from the packaging or pre-use 
preparations have been completed.

4.4.3.2	 Sample “blank”

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

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

4.4.6.1	 Overview

There are two basic extraction methods used for the determination of EO-sterilization residuals in 
medical devices: simulated-use extraction, which is the reference method; exhaustive extraction, which 
represents an acceptable alternative in certain situations. The choice of extraction method shall be based 
on the intended use of the device. Examples of suggested extraction methods are shown in Annex K.

The extraction method chosen shall represent the intended use of the product with the greatest 
challenge to the patient and not solely expeditious analysis or to minimize the apparent concentration 
of residuals.

Extraction temperatures and times shall be determined based on the nature of the patient's exposure 
and the patient's duration of contact with the device as described in 4.2 and 4.3. See ISO 10993‑12 for 
extraction temperatures.

The analyst is cautioned that for certain devices, simulated-use extraction may result in relatively large 
elution volumes. Should this occur it might significantly increase the limit of detection for the residual 
material to the point where a determination of compliance with this part of ISO 10993 is compromised.

Small devices shall be extracted in a suitable container. When a device is too large to be extracted in 
its entirety, it may be necessary to extract several representative portions of the device components in 
order to ensure confidence in the data derived.

These representative portions may be selected in one of two ways. If several varied materials are used, 
the proportion of each component, as compared with the total sample mass, should parallel the ratio of 
that component to the total mass of the device being tested. An alternative method would be to select 
one of the components for testing, subsequent to an evaluation demonstrating that it represented the 
worst case with regard to residual content. The method chosen shall be validated.

4.4.6.2	 Simulated-use extraction (reference method)

Simulated-use aqueous extraction is the reference method in that it is the only method that produces 
results directly comparable to the limits specified in 4.3. These limits are expressed in terms of 
delivered dose of EO and ECH to patients.
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Since it is necessary to evaluate the residue levels available to the patient, or other end user, from 
devices in routine use, extraction methods that simulate use are required. Simulated-use extraction 
shall be carried out under conditions that provide the greatest challenge to the intended 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.

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 ISO 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 shall evaluate the possibility of this conversion to 
EG and/or ECH at the analysis site when extracting the sample with water.

4.4.6.3	 Exhaustive extraction (acceptable alternative method)

4.4.6.3.1	 Overview

Exhaustive extraction represents an acceptable alternative and can provide useful information. It 
produces results that would tend to represent a dose greater than or equal to one the patient may 
receive. Because such an extraction precludes measurement of dose as a function of time, it does not 
ensure that the mass of residue is not delivered to the patient on the first day or during the first month 
of exposure. However, when all applicable limits in 4.3 are met and 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. When exhaustive extraction is used, particular attention shall be 
paid to the limits expressed for the first 24 h and for the first 30 d in 4.3.

Exhaustive extraction methods are intended to recover the entire residual content of a device. For 
EO determination, extraction procedures used include thermal extraction followed by headspace gas 
analysis, solvent extraction procedures, with either headspace gas analysis of the solvent extract, 
chromatography of the solvent extract, or preparation of the bromohydrin derivative of EO which is 
determined using a more sensitive GC detector such as an electron capture detector.

4.4.6.3.2	 Residual ethylene oxide

A variety of extraction fluids has been used for the exhaustive recovery of residual EO. Thermal 
desorption followed by headspace gas analysis, as described in K.4.3, is an example of a procedure that 
does not use an extraction fluid. When conducted as described, headspace methods are considered 
exhaustive since they are designed to recover all of the residual EO from the sample. However, 
headspace methods may not be feasible or preferred for intact testing of large or complex devices. The 
analyst shall exercise caution in the execution of headspace methods when evaluating residue levels in 
polymer materials such as poly-(methylmethacrylate) to ensure total recovery of EO.
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For solvent extraction procedures, selection of a suitable extraction fluid depends on the material 
composition of the device and its components. To facilitate complete recovery of EO from the sample, 
fluids that dissolve the sample material are generally preferred in an exhaustive extraction, provided 
that interfering substances are not also put into solution by the procedure. Solvent extraction 
procedures that are combined with 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.

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

4.4.7.1	 Calculation of amount of residue extracted

The concentration of residue observed in the extracts, Ce, is converted to the amount delivered to a 
patient, in milligrams, Md, as follows.

Residue extracted by simulated use may be calculated as follows:

   	 (1)

Residue extracted by exhaustive extraction may be calculated as follows:

   	 (2)

where
Md is the extract residue, in milligrams;
n is the number of extractions;
Ce is the amount of EO in milligrams per millilitre of extract as derived from the standard curve;
Ve is the extract volume, in millilitres;
md is the entire device mass, in grams;
ms 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, Madd, for comparison to allowable limits in 4.3

For permanent contact devices, the average delivered dose, Madd, in milligrams per day, is as follows:

   	 (3)
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where
25 000 is the number of days per lifetime;
Md is the extract residue, in milligrams.

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

For prolonged exposure devices

   	 (4)

where
30 is the number of days per month;
Md is the extract residue, in milligrams.

Prolonged exposure devices shall also meet the limited exposure limits as calculated below.

For limited exposure devices:

   	 (5)

5	 Product release

5.1	 General

A product is in compliance with this part of ISO 10993 when it meets the requirements for EO and, if 
applicable, ECH. If sufficient experimental data on residue diffusion kinetics are available, it may be 
possible to group devices for quality assurance testing based on similarity of materials, manufacturing 
processes and use (see Annex D).

For release of batches of EO-sterilized product, one of the two methods in 5.2 and 5.3 respectively 
shall be used.

5.2	 Release of products without dissipation curve data

When dissipation curve data are not available on a product, the product may be released if it is in 
compliance with this part of ISO 10993 and the data were obtained from testing carried out according 
to appropriate procedures delineated in Annex K and meet the requirements for EO and, if applicable, 
ECH set out in 4.3.

5.3	 Procedure for product release using residue dissipation curves

Dissipation curves are used to estimate the post-sterilization time required for products, or families 
of similar products, to reach residue limits, principally for EO, in compliance with 4.3. Products shall 
be released to the marketplace according to predetermined post-sterilization times and conditions 
defined by experimental dissipation curves so that the target EO residue levels for the device, as set 
out in 4.3, are ensured. The product aeration concerns documented in Annex D are to be considered 
by pooling data from sterilization loads taken from aeration or quarantine storage at different times 
of the year if aeration temperatures differ. Re-sterilization of product and the presence of other EO-
sterilized medical devices in adjacent areas shall also be considered 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. 
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(ln[EO])α (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.

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, Lp, 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, Lp:

   	 (6)

   	 (7)

where
xo is the calculated average value of the release time corresponding to the EO limit;
yo is the logarithmic value of the EO limit;
a is the intercept of the linear regression line obtained from the plot ln[EO]α time;
b is the slope of the regression line;
Lp is the prediction limit for a single individual of the product;
t α is the student t value at significance α with n − 2 degrees of freedom;
(Sα)2 is the residual variance of the regression line;
yµ is the average of logarithmic EO values;
n is the number of values;
xi is the individual time after sterilization at which measurements are made;
xµ is the average of the times after sterilization;
∑ (xi − xµ)2 is the sum of squares for x (time).

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

When sterilization process parameters listed in Annex D are changed, an audit shall be made of the 
product residue. When this audit shows an increase in the level of residual EO, new residue dissipation 
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	 Verification of dissipation curves is typically done during routine sterilization revalidation in 
accordance with ISO 11135‑1.
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