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AAMI Technical Information Report

A technical information report (TIR) is a publication of the Association for the Advancement of Medical Instrumentation
(AAMI) Standards Board that addresses a particular aspect of medical technology.

Although the material presented in a TIR may need further evaluation by experts, releasing the information is valuable
because the industry and the professions have an immediate need for it.

A TIR differs markedly from a standard or recommended practice, and readers should understand the differences
between these documents.

Standards and recommended practices are subject to a formal process of committee approval, public review, and
resolution of all comments. This process of consensus is supervised by the AAMI Standards Board and, in the case of
American National Standards, by the American National Standards Institute.

A TIR is not subject to the same formal approval process as a standard. However, a TIR is approved for distribution by
a technical committee and the AAMI Standards Board.

Another difference is that, although both standards and TIRs are periodically reviewed, a standard must be acted on—
reaffirmed, revised, or withdrawn—and the action formally approved usually every five years but at least every 10 years.
A TIR must be acted on and the action formally approved usually every three years.

A TIR may be developed because it is more responsive to underlying safety or performance issues than a standard or
recommended practice, or because achieving consensus is extremely difficult or unlikely. Unlike a standard, a TIR
permits the inclusion of differing viewpoints on technical issues.

CAUTION NOTICE: This AAMI TIR may be revised or withdrawn at any time. Because it addresses a rapidly evolving
field or technology, readers are cautioned to ensure that they have also considered information that may be more recent
than this document.

All standards, recommended practices, technical information reports, and other types of technical documents
developed by AAMI are voluntary, and their application is solely within the discretion and professional judgment of the
user of the document. Occasionally, voluntary technical documents are adopted by government regulatory agencies or
procurement authorities, in which case the adopting agency is responsible for enforcement of its rules and regulations.

Comments on this technical information report are invited and should be sent to AAMI, Attn: Standards Department,
901 N. Glebe Road, Suite 300, Arlington, VA 22203 or standards@aami.org.

Published by

AAMI
901 N. Glebe Road, Suite 300
Arlington, VA 22203-1633

www.aami.org
© 2024 by the Association for the Advancement of Medical Instrumentation
All Rights Reserved

This publication is subject to copyright claims of AAMI. No part of this publication may be reproduced or distributed in
any form, including an electronic retrieval system, without the prior written permission of AAMI. All requests pertaining
to this document should be submitted to AAMI. It is illegal under federal law (17 U.S.C. § 101, et seq.) to make copies
of all or any part of this document (whether internally or externally) without the prior written permission of the Association
for the Advancement of Medical Instrumentation. Violators risk legal action, including civil and criminal penalties, and
damages of $100,000 per offense. For permission regarding the use of all or any part of this document, visit the
Copyright Clearance Center.

Printed in the United States of America

ISBN 978-1-57020-878-2

Documents

Document Sharing Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Contents Page

(07010010411 TN (=T o =TT=T g1 £ L [o o USSR TSR \Y
o] (=111 o PSPPI X
a1 (oY [0 o1 (1] o ISP OPUPRPPRRN Xi
1 Yoo o= TSP PPRRRRUP 1
2 NOIMALIVE FEIEIENCES ......eeiie ettt ettt e e e e e ettt e e e e e e s e bateeeeeeeeaasnntaeeeeaeeeannsseeeaaeeesansenneas 1
3 Terms and defiNITIONS ...ttt e e ettt e s et e e ettt e e e nb e e s ehe e e e e nte e e e aneeeeanneeens 1
4 Process and equipment characterization ... 2
4.1 SteriliZation EQUIPMIENT ......ooi et e e e e st e e e e e e st b e e e e e e e s eanntaeeeeeeeeanarraraeaeas 2
4.2 Process characterization—Physical parameters ... 2
421 1] 1o o [ o3 1] o IS PSR PPRPPPP 2
422 L@ I 7o) o7 =Y o1 (=1 4[] o SR 2
423 10001 11 SRS 3
424 L= 0] =T = L (=Pt 3
425 L@ o V=T | I (1 o =PRSS UPREPTRI 3

5 [ o Tot=T e 1= 1 0T (o] o USRS 4
51 Considerations for process definition ..............cooiiiiiiiiiiii e 4
5.1.1 EO AWEIIHIME ...ttt e et e e e e e et e e e et e e e e et ae e e e bbeeeeeareeeenneeas 4
51.2 [ o To [UTe: Qo T Tor &= |3 o FU SRR 4

51.3 (e =To WeTo)a) ile (U] =140 ] o ISR 4
514 Process definition Method ......... ..o e e e e e e 4
5.1.5 Process Challenge dEVICES ..........ooi ittt e e e e e e et e e e e e e enneees 5
5.1.6 Developmental/Research Chambers .............cooiiiiiiiiii e 6

5.2 Definition of proCess 1€Thality ...... ... e e e s ee e e e e 7
522 EQUIValENt @XPOSUIE tIME ......eeiiiiiiie et 8

5.2.3 Defining lethal rate for industrial appliCation ..............cooo e 10

53 Lo 18] o] [=E< oo ] (13T R SRR 14
5.3.1 ODbtaiNING Al POSITIVES ....eveiiiiee et e et e e e e e st e e e e e s e e nntreeeeeeeaaans 14
5.3.2 Obtaining a linear slope in the lethality CUIVE ...........cooiiiiiie e 15
5.3.3 ODbtaiNING @ll NEGATIVES .....eeiiiiiieceeee e e e e e e e e e e e e e e e e e nntrneeaae s 15

54 Process ChalleNge GEVICES .........oeeiiiiiiiiie ettt e e e e e s et e e e e e e s e e e e e e e e e s eeassaeeeaeeaanes 16
541 TYPES OF PCDS ...ttt e oottt et e e e e et et e e e e e e e ant et e e e e e e e nnteeeeeeeeeannneeeeaaens 16
542 AppPropriateness Of the PCD ........ccuiiiiiic e e e e e e e e e e e e e st reaeeaeas 16
54.3 PCDs for product famili€S...........cooeieiiiie s 17

6 RV Z= 1T =1 o] o ISR 18
6.1 Microbiological performance qualifiCcation...............cooi e 18
6.2 Placement and handling of PCDs, test samples, and SENSOIS ..........ccciiiiiiiiiiiee e 18
6.2.1 7= LT o] gl o] =Tt =Y 4 1Y o PPN 18
6.2.2 Product and sample handling, shipping, and t€StiNg ...........ccooiiiiiii e 18

6.3 3 (=Y 11 v4= 111 I [o T= Lo PP SUPPRR 19
6.3.1 L= Tod = T | o USSP UPRRR 19
6.3.2 FUull @and partial Joads ............ooouiiiiiii ettt e e e e e e e e e e e e e e e e s et aaeaaeaaaaas 19
6.3.3 Y 1= o I (o =T [PPSO UPRRR 20
6.3.4 REUSE OF I0AAS ...ttt e e e e ettt e e e e e e nb e e e e e e e e s e nnnreeaaaeeaanns 20

6.4 Simulation of anticipated process CONAItIONS............uuiiiiiiiiiiiiiii e e 20

Documents

Document Sharing Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

6.5 Release of validation I0AAS. .........c.coooiiuiiiie ettt e e e e et e e e e e e e e e e e e eeeenanns 20

6.6 Qualification of ProCess 1EthaAlIY ............ooiiiiiiiiii e e e e e e e e e e e e s e ennnaes 20

6.6.1 Biological indicator/bioburden @approach.............c.eoeiuiiiiiiieee e 20

6.6.2 (37 § (]| =1 o] o] o ¥= Lo o S PP 22

6.6.3 BiobUIrdEN APPIOGCK ... ..eiiiiiee et 24

6.7 Release of small batChes OF IOtS.............eiiiii e e e e 26

7 Maintaining proCess effECHIVENESS .......co it e e e e e e e e e e e st e e e e e e e e nnraes 26

7.1 ASSESSMENT OF ChANGE ...ttt e e b s 26

7.2 Failure INVESTIGAtION .....ooiiiiiiiiiiee ettt e e e ettt e e e e e s et b eeeeeeeesaassneaeeeeeeseasnsneeeeeeannes 26

7.21 Sterilization process or equipment CONSIAErations ................uueiiiiiiiiuiiiiiiiiieieeeirerrrrerrer i —————————— 27

7.2.2 Product CONSIAEIAtIONS ......cciieiiiiieee et e e e e et e e e e e e st aaeeaeeesessnraeeeeeeaanes 27

7.2.3 Microbiological testing CONSIAEratioNS ............ooiiiiii i 28

724 L= 0= [ =i o] o PRSP UUPRRP 28

Annex A (informative) Bl/BiObUrden EXAMPIES..........ccoiiuiiiiiiee it e e ettt e e e e e e et e e e e e e seesbaaaeeaeeesenannrees 29

Annex B (information) Overkill cycle calculation @XamPpPIESs ..........cccuiiiiiiiiiiiiie e 31

=T o1 T Te] £=T o] 0 Y20 PSP PPPRPR 35

(oo (U5 (g 1=T ol (=T o [T PP SUPPURR 36
Figures

Figure 1—Exposure phase / EO process phases diagram .........oooi oottt a e e ee e e e e e eeeeeeas 9

Figure 2—Example of a non-linear lethality curve
Figure 3—Example of the relationship between biological indicator and product bioburden using the biological

iNdicator/bIObUrdEn MELNOM. ...t e et e e e e et e e e e e e e e e s ann e e e enaneeenans 21
Figure 4—Example Of @n OVEIKIll CYCIE .........oooiiiiieiiiie e e e e e e e e e e e e e e e e s e s sanaraeeeeeeaanns 22
Tables

Table 1—Comparison of methods for process definition and validation...............ccccceiiiii i 5
Table 2—Site SEIECHON OFf PCD ... et e et e e e e s bt e e e r e e e e asn e e e snneeeeanneeenaas 5
Table 3—Summary of the procedures for calculating D ValUES .............cooiiiiiiiiiiiiie e 12
Table 4—Potential causes of nonlinear lethality CUIVe ... 15
Table 5—Trial cycle #1 with a 15-minute exposure phase tiMe ..o 30

Documents

Document Sharing Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Committee representation
Association for the Advancement of Medical Instrumentation
Industrial Ethylene Oxide Sterilization Working Group

This technical information report was developed by the AAMI Industrial Ethylene Oxide Sterilization Working Group
under the auspices of the AAMI Sterilization Standards Committee. Approval of the technical information report does
not necessarily mean that all working group members voted for its approval.

At the time this technical information report was published, the AAMI Industrial Ethylene Oxide Sterilization Working
Group had the following members:

Cochairs: Ken Gordon
Nicole McLees

Members: Erin Armstrong, B Braun of America Inc
Edward Arscott, NAMSA
Jennifer R. Asleson, Quality, Microbiology & Sterilization Services LLC
David Ballard, Dynatec Scientific Labs Inc
Vincent Bartoletti, Terumo BCT
Tim Bollnow, Intuitive Surgical Inc
Nicholas Brydon, NextBeam LLC
Brandon Buxton, WL Gore & Associates Inc
Glenn W. Calvert, West Pharmaceutical Services, Inc.
Kenneth Campbell, Kenneth Campbell Person
Elaine Daniell, EDan-SA LLC
Douglas D. Davie, Sterilization Validation Services
Michael Douthit, Minus 6 Sterilization Consulting
Zachary Dukerich, Arthrex Inc
Diane Faivre-Swiat, Cardinal Health
Dan B. Floyd, DuPont Tyvek Medical and Pharmaceutical Protection
Jacob Gibbons, Genentech Inc
Zory R. Glaser, Johns Hopkins University-School of Public Health
Ken Gordon, STERIS Corporation | Healthcare
Magnus Graham, BSI Healthcare
Manuel Grandy, SteriComp GmbH
Amy Gravley, DEKRA Certification
Rob Grizzle, Rob Grizzle (Individual)
Erick Gustin, Stryker
Chris Haas, Getinge USA
Douglas F. Harbrecht, Sterility Assurance LLC
Leonard Harris, Eurofins Medical Device Testing
Deborah A. Havlik, DA Havlik Consulting
Jason Hedrick, Medtronic Inc Campus
Sean Andre Hodges, Sean Hodges Consulting
Tisza Holt, Insulet Corporation
Mollie J. Holter, MicroBio Consulting LLC
Clark W. Houghtling, Cosmed Group Inc
Nichole Jackson, Ecolab
Karen A. Kowalczyk, Medline Industries Inc
Wesley (Wes) Lantz, Zimmer Biomet
Cathy Leckwart, WuXi AppTec Inc
Paul Littley, Integra LifeSciences Corporation
Emily Lorcheim, ClorDiSys Solutions, Inc
Christine Loshbaugh, Edwards Lifesciences
Jeffrey Martin, Sterilization and Quality System Consulting LLC
Albert (Ted) E. May, Andersen Products Inc
Patrick J. McCormick, Bausch & Lomb Inc
David Ford McGoldrick, Abbott Laboratories

Documents
© 2024 Association for the Advancement of Medical Instrumentation m AAMI TIR16:207.3 Document Sharin\é Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Jami McLaren, Boston Scientific Corporation

Nicole McLees, Olympus America Inc

Susan Messier, Ethide Laboratories

Susumu Nozawa, Siemens Healthineers

Gerry A. O'Dell, Gerry O'Dell Consulting

Nicole Palluck, Sotera Health LLC

David Parente, Sterwell LLC

Kimberly Patton, Performance Review Institute MedAccred
Andrew Porteous, Baxter Healthcare Corporation

John Prattico, IUVO BioScience

Nicole Robichaud, Mesa Laboratories Biological Indicator Division- Bozeman Facility
Beau Rollins, Convatec

Tyrone S. Rouse, Owens & Minor

Matt Russelburg, Healthmark Industries Company Inc
Manuel Saavedra Jr., Avanos Medical

Vicki Sage, University of Rochester Medical Center

Gracia Schroeder, 3M Health Care

Krista Schulte, Quality Tech Services LLC

Harry L. Shaffer, Sterilization Consulting Services

Andre Tuggles, Johnson & Johnson

Donald P. Tumminelli, HHGHPOWER Validation Testing & Lab Services Inc
Steven E. Turtil, FDA/CDRH

Peter Veselovsky, Mevex Corporation

Wendy Wangsgard, ICU Medical Inc

Richard L. Weisman, Fresenius Medical Care

Beverly G. Whitaker, Indigo Consulting Group LLC

Jeffrey Williams, Becton Dickinson & Company

Frank Yanocha, Cordis US Corp

Jarl Yeager, Powder River Medical Resources

Roberto Zumbado, Philips

Alternates: Kenneth Aston I, Intuitive Surgical Inc
Darryl Babcock, Integra LifeSciences Corporation
Amanda Bertalotto, Amanda Bertalotto (Individual)
Dean James Bird, Olympus America Inc
David J. Brodersen, Getinge USA
Trabue Daley Bryans, BryKor LLC
Nicole Burns, Ecolab
Casey Butcher, Fresenius Medical Care
Bradley John Catalone, Healthmark Industries Company Inc
Carrie Clark, STERIS Corporation | Healthcare
Bethany Daniell, EDan-SA LLC
Jeffrey DelGaudio, Cordis US Corp
Christophe Deneux, Becton Dickinson & Company
Venice Eldred, Medline Industries Inc
Steven J. Elliott, NAMSA
Daniel Fowler, WuXi AppTec Inc
Naomi Gamm, Abbott Laboratories
Michael Groendyk, West Pharmaceutical Services, Inc.
Abigail Honetschlager, Olympus America Inc
Jeffrey Karp, AbbVie
Satu King, Philips
Sarath Koruprolu, Ethide Laboratories
Ezra Koski, Terumo BCT
Courtney Lang, Sotera Health LLC
Ketura Marion, Cook Medical - Bloomington
Leisel Masson, BSI Healthcare
Shaun McGinley, Zimmer Biomet
Rosa Vale Mercado, Johnson & Johnson
Lauren Miller, Medtronic Inc Campus
Hiren Mistry, FDA/CDRH
Ken Paddock, Baxter Healthcare Corporation

Documents
vi © 2024 Association for the Advancement of Medical Instriiie itadon EMJAB%Q% Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Jeffrey Peltier, Cardinal Health

Janelle Pence, WL Gore & Associates Inc
Michelle Peterson, Stryker

Rachel Powell, Cook Medical - Bloomington
Michael J. Schoene, Bausch & Lomb Inc
Erika Skluzacek, Arthrex Inc

Sopheak Srun, Quality Tech Services LLC
Mark D. Sundt, DuPont Tyvek Medical and Pharmaceutical Protection
lleana M. Toro-Lozada, Avanos Medical
Wayne Usher, 3M Health Care

Stephanie Volk, Convatec

Jill A. Warren, Siemens Healthineers

Scott Weiss, Alcon Laboratories Inc

Daryl Woodman, Andersen Products Inc

NOTE Participation by federal agency representatives in the development of this technical information report does
not constitute endorsement by the federal government or any of its agencies.

At the time this technical information report was published, the AAMI Sterilization Standards Committee had the
following members:

Cochairs: Janet M. Prust
Patrick B. Weixel

Members: Gregory Darnall Aldrich, Gregory Aldrich (Individual)
Anas Aljabo, SteriLabs Canada Inc.
Eseosa Tony Amenaghawon, Cincinnati Childrens Hospital Medical Center
Brett Anderson, Cochlear Ltd
Jennifer R. Asleson, Quality, Microbiology & Sterilization Services LLC
Richard Bancroft, STERIS Corporation | Healthcare
Leigh Anne Bartlett, Leigh Anne Bartlett (Individual)
Marie K. Brewer, UnityPoint Health - St. Luke's Hospital
Trabue Daley Bryans, BryKor LLC
Nicholas Brydon, NextBeam LLC
Jonathan Burdach, Nanosonics Limited
Emily Craven, Boston Scientific Corporation
Jacqueline A. Daley, Providence St Joseph Health System
Christophe Deneux, Becton Dickinson & Company
Chase Elms, Chase Elms (Individual)
Gordon M. Ely, LexaMed Ltd
Afif Jhoel Escheik, Crothall Healthcare
Deannard Esnard, Deannard Esnard (Individual)
Nicole Felderman, CIVCO Medical Solutions
Brian J. Fortier, Aorta Medical Inc
Daniel Fowler, WuXi AppTec Inc
Diah Ginem, Stryker
Jacqueline Gosier, Jacqueline Gosier (Individual)
Magnus Graham, BSI Healthcare
Shelley Hagan, Henry Ford Health
Ashley Hammer, Washington Regional Medical Center
Douglas F. Harbrecht, Sterility Assurance LLC
Jeanetta Harris, Jeanetta Harris (Individual)
Deborah A. Havlik, DA Havlik Consulting
Amani Hawsawi, Amani Hawsawi (Individual)
Crystal Heishman, U of L Hospital - University of Louisville
Ebow Holdbrook-Smith, WellSpan Health
Tisza Holt, Insulet Corporation
Mollie J. Holter, MicroBio Consulting LLC
Stephanie Jean Homuth, Hennepin County Medical Center Warehouse
Clark W. Houghtling, Cosmed Group Inc
Angela G. Jensen, Rush Foundation Hospital
Nicholas Kalanta, McLane Children's Hospital

Documents
© 2024 Association for the Advancement of Medical Instrumentation m AAMI TIR16:207.3 Document ShariME] Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Susan G. Klacik, HSPA

Erin A. Kyle, Association of Perioperative Registered Nurses (AORN)
Byron J. Lambert, Abbott Laboratories

Stacey Law, (Individual)

Alaina N Lett, Alaina Lett (Individual)

Marissa Jones Lewis, Veterans Administration (VA) Central Office
Emily Lorcheim, ClorDiSys Solutions, Inc

Jonathan Manuel, Jonathan Manuel (Individual)

Kelly Marcum, HCA Healthcare

John L. Mazzilli, Saddleback Memorial Medical Center

Patrick J. McCormick, Bausch & Lomb Inc

Gerald E. McDonnell, Johnson & Johnson

Russell (Rusty) Mills, Zimmer Biomet

Leslie Nichols, Mayo Clinic

Gerry A. O'Dell, Gerry O'Dell Consulting

James O'Reilly, St Joseph Health System - Trinity Health

Ken Paddock, Baxter Healthcare Corporation

Alberto Guzman Paret, Cordis US Corp

Kia Parker, The Ohio State Wexner Medical Center-University Hospital
Kimberly Patton, Performance Review Institute MedAccred
Annemarie Pelloski, Michigan Medicine (University of Michigan Health System)
Nancy Pickens, Nancy Pickens (Individual)

Karana M Pierre, Karana M Pierre (Individual)

Dawn Pierson, CS Medical LLC

Julissa Pina, Instylla, Inc.

Janet M. Prust, St. Croix Standards Consulting, LLC

Joan E. Rickard, Montefiore Medical Center

Angela Salmen, Angela Salmen (Individual)

Linda Sue Schultz, Northside Hospital Surgical Services Atlanta
Joan M. Spear, Joan M. Spear (Individual)

Sopheak Srun, Quality Tech Services LLC

Mark Swanson, Quality and Regulatory Expert Partners (QRX)
Larry Talapa, 3M Health Care

Julie TerWee, Pfizer Parenteral Center of Excellence

James Treharn, St. Peter's Health

Melissa Vargas, Christiana Care Health Services

Sara Vinson, University of Florida

Adrienne C. Watson, Adrienne Watson (Individual)

Patrick B. Weixel, FDA/CDRH

James Sidney Wiggs, Legacy Health System

Martell Winters, Sotera Health LLC

Roberto Zumbado, Philips

Alternates: Kendall Ashe, CS Medical LLC
Jennifer Benolken, DuPont Tyvek Medical and Pharmaceutical Protection
Damien S. Berg, HSPA
Stacy Bohl, Boston Scientific Corporation
Kevin Bovee, Insulet Corporation
Richard Burgess, BSI Healthcare
Densley Coke, Densley Coke Person
Aaron David DeMent, Sotera Health LLC
April Doering, 3M Health Care
Anna M. Grayson, Grayson Associates
Rhashamekia Law, Rhashamekia Law (Individual)
Cathy Leckwart, WuXi AppTec Inc
Paul Lorcheim, ClorDiSys Solutions, Inc
Michelle (Shelly) Luebke, Baxter Healthcare Corporation
James A. Maher, Becton Dickinson & Company
Shaun McGinley, Zimmer Biomet
David Ford McGoldrick, Abbott Laboratories
Shane Pinkston, Getinge USA
Christine L. Render, Cosmed Group Inc

Documents
viii © 2024 Association for the Advancement of Medical Instriiie itadon EMJAB%Q% Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Petra Richards, Kaiser Foundation Health Plan/Hospitals
Susan Rogers, Veterans Administration (VA) Central Office
Krista Schulte, Quality Tech Services LLC

Lisa Ward, STERIS Corporation | Healthcare

NOTE Participation by federal agency representatives in the development of this technical information report does
not constitute endorsement by the federal government or any of its agencies.

Documents
© 2024 Association for the Advancement of Medical Instrumentation m AAMI TIR16:207.3 Document Shariﬂ’é Hub

Full document details: AAMI TIR16-2023


http://www.avadocuments.com/doc/aami-tir16-2023
http://www.avadocuments.com/doc/aami-tir16-2023

Foreword
This document is part of a series of technical information reports (TIRs) intended for use in conjunction with
ANSI/AAMI/ISO 11135:2014. The other reports in the series are listed below:

— AAMI TIR14, Contract sterilization using ethylene oxide.

— AAMI TIR15, Physical aspects of ethylene oxide sterilization.

— AAMI TIR28, Product adoption and process equivalence for ethylene oxide sterilization.

— AAMI TIR56, Guidance for the development, validation and routine control of an ethylene oxide sterilization
process utilizing flexible bag systems for the sterilization of medical devices.

The following verbal forms are used within AAMI documents to distinguish requirements from other types of provisions
in the document:

— “shall” and “shall not” are used to express requirements;

— “should” and “should not” are used to express recommendations;

— “may” and “may not” are used to express permission;

— “can” and “cannot” are used as statements of possibility or capability;
—  “might” and “might not” are used to express possibility;

— “must” is used for external constraints or obligations defined outside the document; “must” is not an alternative
for “shall.”

Suggestions for improving this technical information report are invited. Comments and suggested revisions should be
sent to AAMI, 901 N Glebe Road, Suite 300, Arlington, VA 22203 or standards@aami.org.

NOTE This foreword does not contain provisions of AAMI TIR16:2023, Microbiological aspects of ethylene oxide sterilization, but
it does provide important information about the development and intended use of the document.
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Introduction

The original TIR16, along with other AAMI TIRs, provided additional guidance to the 1994 edition of the industrial EO
sterilization standard 11135, which was revised in 2007 under a new designation, ANSI/AAMI/ISO 11135-1:2007,
Sterilization of health care products—Ethylene oxide—Part 1: Requirements for the development, validation and routine
control of a sterilization process for medical devices. In 2008, ISO published its own guidance document for the 11135
standard, ISO/TR 11135-2:2008, Sterilization of health care products—Ethylene oxide—Part 2: Guidance on the
application of ISO 11135-1, which was based to a great extent on the earlier AAMI technical information reports.
ANSI/AAMI/ISO 11135-1:2007 and ISO/TIR 11135-2:2008 were revised into a single document: ISO 11135:2014.

This TIR provides guidance related to the microbiological aspects of EO sterilization and is designed to provide
information that will assist in design and qualification for Bl or parametric release processes. Parametric release is
desired for routine processing, but this TIR also includes guidance on the use of PCDs for routine processing when Bl
release is used. This TIR condenses pertinent information that may be available from a variety of sources into one
location and is based on practices that have been found to be used successfully within the United States. This TIR
contains guidelines that are not intended to be absolute or to apply in all circumstances. One should use judgment in
applying the information in this TIR.
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AAMI Technical Information Report AAMI TIR16:2023

Microbiological aspects of ethylene oxide sterilization

NOTE  This technical information report is not a standard, and the material contained herein is not normative in nature. The
committee has used the term "shall" in a few instances, based on their knowledge of requirements contained in relevant standards
and regulatory requirements.

1 Scope

This technical information report (TIR) addresses various microbiological aspects of the development and validation of
an ethylene oxide (EO) sterilization process. It does not cover the various factors that can have an effect on the
bioburden of the product and on the sterilization process. This TIR provides additional guidance to ANSI/AAMI/ISO
11135 for medical device manufacturers, including those that use contract sterilization facilities or contract sterilization
operations.

Although the information presented was developed for application to medical devices, the content of this guideline may
also be applied to other relevant products or materials.

NOTE  Products that have been used in a healthcare setting and are being presented for resterilization in accordance with the
manufacturer’s instructions (see ANSI/AAMI/ISO 17664-1 and 17664-2) are a special case. There is the potential for such products
to possess a wide range of contaminating microorganisms and residual inorganic and/or organic contamination in spite of the
application of a cleaning process. Hence, it is important to pay particular attention to the validation and control of the cleaning and
disinfection (if used) processes used during reprocessing. Healthcare facilities are encouraged to review ANSI/AAMI ST79,
ANSI/AAMI ST98, and AAMI TIR34 for additional information on handling reusable or non-sterile devices requiring sterilization
processing at the healthcare facility.

2 Normative references

No normative references were used in the development of this TIR. References referred to in the text are listed in the
Bibliography.

3 Terms and definitions

For the purposes of this document, the terms, and definitions in ANSI/AAMI/ISO 11135 and the following apply.

3.1

D value

D10 value

time or dose required under stated conditions to achieve inactivation of 90 % of a population of the test
microorganisms

[SOURCE: ISO 11139:2018, 3.75]

3.2

EO dwell

period for which the process parameters are maintained within their specified tolerances

Note to entry: It is the period of time between the end of sterilant injection (or nitrogen injection if following the sterilant injection) and
the beginning of EO removal (See Figure 1).

33

exposure phase

cycle stage between the introduction of the sterilizing or disinfecting agent into the chamber and when the agent is
removed

[SOURCE: ISO 11139:2018, 3.111]
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Note to entry: See Figure 1.

3.4

inoculated carrier

supporting material on or in which a specified number of viable test microorganisms has been deposited
[SOURCE: ISO 11139:2018, 3.144]

3.5

spore log reduction

SLR

negative exponent to the base 10 describing the decrease in the number of spores
Note 1 to entry: It is expressed as a logarithm.

[SOURCE: ISO 11139:2018, 3.260]

Note 2 to entry: Describing the reduction in the number of spores on a biological indicator or inoculated item produced by exposure to
specified conditions.

Note 3 to entry: Spore log reduction can be calculated based on actual reduction in population of viable spores; that information is
then used to determine the theoretical spore log reduction.

4 Process and equipment characterization
41 Sterilization equipment

Guidelines for equipment selection can be found in AAMI TIR15 and EN 1422. Careful selection of the sterilizing
equipment and development of the facility design will enable a manufacturer to process a product safely and effectively.

4.2 Process characterization—Physical parameters
4.21 Introduction

The physical parameters that have a significant effect on the lethality of an ethylene oxide (EO) sterilization process
are EO concentration, temperature, EO dwell time, and humidity. These parameters are interrelated and a change in
one can often be compensated for by a change in another. Other aspects that could affect lethality are the rate of
sterilant injection, vacuum depth, and rate of evacuations during the sterilant-removal phases as these aspects could
impact the overall exposure phase time. Evacuations can be affected by chamber temperature, humidity, sterilant
levels, vacuum pump performance, and/or product load configuration.

4.2.2 EO concentration

Studies have shown that there is a direct relationship between EO concentration and lethality such that as EO
concentration increases, lethality also increases. However, at higher EO concentrations there can be minimal increases
in lethal rate ([17], [20], and [22]). Studies have shown that EO concentrations above 50 mg/L can achieve
microbiological lethality ([21], [25], and [30]). For some products, it could be necessary to increase either EO dwell time
or temperature of the process to achieve the selected sterility assurance level (SAL).

EO gas can be supplied in a gas mix or in its pure form (commonly referred to as 100 % EO). Premixed gases can
have differing lethality from 100 % EO ([24]). This can also be seen in situations where an inert gas is used to maintain
the pressure of the chamber during EO dwell. This effect can be minimized by the use of recirculation and compensating
for the lower concentration of EO with an increase in the initial concentration or an increase in temperature.

When an inert gas is used to maintain the chamber pressure, it is important that the chamber recirculation system be
sufficient to minimize risk and magnitude of stratification of the inert gas (e.g., nitrogen) and EO gas. In mixed sterilant
gas processes, the makeup gas will replace a fraction of the EO absorbed, and the EO concentration in the chamber
could decrease with time. EO concentration can be calculated as described in AAMI TIR15, or it can be directly
measured.
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