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Learning
Objectives
1. Describe the contents and
assembly of Process Challenge
Devices (PCDs) used to monitor EO
sterilization cycles (i.e. both routine
and challenge BI test packs).

2. Evaluate whether your facility’s
Policy and Procedure on monitoring
of EO sterilizers needs revision
based on changes to ST41:2008.

3. Write a Policy and Procedure
describing recommended routine
load release criteria for EO
sterilizers.

Self-Test Answers:  1. A, 2. A, 3. A, 4. A, 5. A, 6. A, 7. A, 8. A, 9. A, 10. B
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The self-study lesson on this central service topic
was developed by 3M Health Care. The lessons
are administered by KSR Publishing, Inc.

Earn CEUs
The series can assist readers in maintaining their
CS certification. After careful study of the lesson,
complete the examination at the end of this sec-
tion. Mail the complete examination and scoring
fee to Healthcare Purchasing News for grading.
We will notify you if you have a passing score of
70 percent or higher, and you will receive a cer-
tificate of completion within 30 days. Previous
lessons are available on the Internet at
www.hpnonline.com.

Certification
The CBSPD (Certification Board for Sterile Process-
ing and Distribution) has pre-approved this in-ser-
vice for one (1) contact hour for a period of five
(5) years from the date of original publication.
Successful completion of the lesson and post test
must be documented by facility management and
those records maintained by the individual until
re-certification is required. DO NOT SEND LES-
SON OR TEST TO CBSPD.

For additional information regarding certification
contact CBSPD - 148 Main Street, Suite B-1, Leba-
non, NJ 08833 (www.sterileprocessing.org). For
more information direct any questions to Healthcare
Purchasing News (941) 927-9345, ext 202.

E
thylene oxide (EO) is used to steril-
ize heat- and/or moisture-sensitive
medical devices that cannot be steam

sterilized. Ethylene oxide is valued for its
efficacy, its ability to penetrate complex
medical devices, and for its long history of
materials compatibility.

This self-study article discusses some of
the updates found in the recently revised
ANSI/AAMI ST41:2008, Ethylene oxide ster-
ilization in health care facilities: Safety and ef-
fectiveness (ST41). In addition to the revised
recommendations in the Quality Control
section, particularly to the content concern-
ing qualification testing, the new edition of
ST41 incorporates extensive information
from ANSI/AAMI ST79, Comprehensive
guide to steam sterilization and sterility assur-
ance in health care facilities (ST79), regarding
attire, the handling and transport of con-
taminated items, cleaning/decontamina-
tion processes, user verification of cleaning
processes, the selection and use of chemi-
cal disinfectants, and thermal disinfection.

As indicated by the title of ST41, safety of
personnel operating ethylene oxide steril-
izers is one of the key themes of the recom-
mended practice. To this end, guidance
from the Occupational Safety and Health
Administration’s (OSHA’s) regulation on
occupational exposure to ethylene oxide, 29
CFR 1910.1047(3), is woven throughout the
document.

Definitions
Two additions to the definitions section in
ST41 are worth noting. First, the definition
of chemical indicator has been updated to
reflect the content of the current AAMI
chemical indicator standard, ANSI/AAMI/
ISO 11140-1:2005, Sterilization of health care
products—Chemical indicators—Part 1: Gen-
eral requirements. While the definitions of all
six classes of chemical indicators are pro-

ANSI/AAMI ST41 has been
revised
It’s time to review your facility’s EO sterilization policy
and procedures
by Susan Flynn, BESc, CSPDT

vided, ST41 notes that “This edition of
ANSI/AAMI ST41 does not cover the use
and application of Class 6 emulating indi-
cators”.1 The definitions for the various
classes of chemical indicators are repeated
in Section 10.5.2.1, General considerations
for chemical indicators.

A second topical addition to this section
is the definition of health care-associated
infections (HAIs): “Infections that patients
acquire during the course of receiving treat-
ment for other conditions or that health care
workers acquire while performing their du-
ties within a health care setting.”1 This term
is, of course, relevant with the recent
changes to reimbursement provided by the
Centers for Medicare and Medicaid Services
(CMS) in which hospitals will no longer be
reimbursed for certain conditions, such as
surgical site infections following a coronary
artery bypass graft (CABG), that could rea-
sonably have been prevented through the
use of evidence-based guidelines.4 The in-
troduction to ST41 points out that ethylene
oxide sterilization of medical devices is one
way to prevent HAIs.

Design considerations
ST41 discusses design considerations in Sec-
tion 3. It is recommended that EO steriliz-
ers and aerators be located in a containment
area separate from other work areas. This
area should have a minimum of 10 total air
exchanges per hour. Yearly monitoring and
documenting of ventilation rates is recom-
mended. To comply with the OSHA EO
regulation, signs with specified verbiage in-
dicating the use of EO should be posted out-
side the containment or “regulated” area.

While the environmental recommenda-
tions haven’t changed, it bears repeating
that ST41 recommends general work areas
maintain a temperature between 20°C and
23°C (68°F and 73°F) and an ideal relative
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Table 2—Sterilization process monitoring recommendations 

Routine load 
release (see 
10.6) 

Routine sterilizer 
efficacy 
monitoring (see 
10.7) 

Sterilizer testing 
after sterilization 
process failures1 
(see 10.6.4) 

Sterilizer 
qualification 
testing after 
malfunctions, 
major repairs 
(see 10.6.4 and 
10.8) 

Sterilizer 
qualification 
testing after 
installation, 
relocation (see 
10.8) 

Sterilizer 
qualification 
testing after 
major redesign 
(see 10.8) 

Periodic product 
quality assurance 
testing (see 10.9 
and 10.10) 

 

Physical 

monitoring of 

cycle 

 

External and 

internal CI 

monitoring of 

packages 

 

Monitoring of 

every load with a 

PCD containing 

a BI and a CI 

(the routine test 

pack of 10.7.2) 

 

Quarantine of 

implants until BI 

results are 

known 

 

Physical monitoring 

of cycle 

 

 

External and 

internal CI 

monitoring of 

packages 

 

Monitoring of every 

load with a PCD 

containing a BI and 

a CI (the routine 

test pack of 10.7.2) 

 

 

Physical monitoring 

of cycle 

 

 

 

 

 

 

 

Monitoring of one 

cycle with a PCD 

containing a BI and 

a CI (the routine 

test pack of 10.7.2) 

in a load similar in 

composition and 

density to the load 

exhibiting the 

sterilization 

process failure. The 

load should be 

quarantined until 

the BI results are 

known. 

 

Physical monitoring 

of cycle 

 

 

 

 

 

 

 

Monitoring of three 

consecutive cycles 

with one or more 

PCDs containing a 

BI and a CI (the 

routine test pack of 

10.7.2) in a load 

similar in 

composition and 

density to the load 

exhibiting the 

sterilization 

process failure. If 

items in the test 

load are to be used 

in patient care, the 

load should be 

quarantined until 

the BI results are 

known. 

 

Physical monitoring 

of cycle 

 

 

 

 

 

 

 

Monitoring of three 

consecutive cycles 

with one or more 

PCDs containing a 

BI and a CI (the 

challenge test pack 

of 10.8.2) in a 

simulated load
2
 

 

Physical monitoring 

of cycle 

 

 

 

 

 

 

 

Monitoring of three 

consecutive half-

cycles with one or 

more PCDs 

containing a BI and 

a CI (the challenge 

test pack of 10.8.2) 

in a simulated load
2
 

and three 

consecutive full-

exposure cycles 

with one or more 

PCDs (the 

challenge test pack 

of 10.8.2) 

containing a BI and 

a CI in an 

otherwise empty 

chamber 

 

Physical monitoring 

of cycle 

 

 

Placement of BIs 

and CIs within 

product test samples 

NOTE 1—A sterilization process failure has occurred if any monitoring device suggests that the process was inadequate. 

NOTE 2—A “simulated load” is defined for each size of EO sterilizer in Table 3.  
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humidity level of 50% and a
minimum level of 35%.  Because
“Moisture hydrates microorgan-
isms, making them more suscep-
tible to destruction by EO”1, this
ideal RH level is provided in Sec-
tion 3 and repeated in Section 8.3,
Preconditioning.

Quality control
Concepts borrowed from the
ST79 steam recommended prac-
tice document that appear at the
beginning of the Quality control
section of the updated ST41 in-
clude the recommendations that:
• Verification testing be done to

ensure mechanical cleaning
equipment is working prop-
erly, and

• All processed devices, espe-
cially implants, be fully trace-
able to the patient.
Additionally, in the sterilizer

records section, ST41 now rec-
ommends documenting the time
of day that a load was run and
the specific load contents.

The Quality Control section includes a
helpful new table, Table 2 above reprinted
with permission from AAMI, which pro-
vides a high-level summary of monitoring
recommendations.

Like the similar table in ST79, Table 2 sum-
marizes recommendations for routine load
release, routine sterilizer efficacy monitor-
ing; and periodic product quality assurance
testing. Unlike ST79, and in recognition of
the complexity of EO sterilization and per-
haps to increase user conformance with the
standard, the committee separated the pre-
vious guidance for qualification testing into

four categories that appear as separate col-
umns in the table:
• sterilizer testing after sterilization process

failures;
• sterilizer qualification testing after mal-

functions and major repairs;
• sterilizer qualification testing after instal-

lation and relocation; and
• sterilizer qualification testing after major

redesign.
Before discussing monitoring recommen-

dations for these various situations, let’s re-
view the process challenge devices (or test
packs) used to monitor EO sterilizers.

Composition of PCDs used in EO
sterilization
It is sometimes overlooked that ST41 in-
cludes both a routine test pack and a chal-
lenge BI test pack or Process Challenge De-
vice (PCD). While the basic contents of these
packs didn’t change with the revision to
ST41, their use did change. Table A below
summarizes the composition of these two
PCDs.

In practice, rather than assembling rou-
tine BI test packs most health care facilities
purchase commercially available process
challenge devices that are equivalent in

Table A - Composition of BI PCDs for EO Sterilization Monitoring
Routine BI Test Pack Challenge BI Test Pack

Components - 1 biological indicator placed in a syringe, syringe tip 
guard removed
- 1 chemical indicator
- surgical towel
- peel pouch or wrapper

- 2 biological indicators, each placed in a separate syringe
- a chemical indicator
- one adult plastic airway
- one 10” section of latex tubing (PVC tubing may be substituted)
- four clean, 18-inch by 30-inch, reusable, freshly laundered, precondi-
tioned surgical towels, each folded in thirds and then in half to create 
six layers per towel and then stacked one on top of another
- two clean, 24-inch by 24-inch wrappers, either woven or nonwoven

Assembly Place the BI in the syringe, orienting the cap per the 
BI manufacturer’s instructions.  

Place the syringe and the CI inside the folded surgi-
cal towel and wrap using a peel pouch or wrapper.

The PCD should be assembled at the same time as 
the load to be sterilized.

Place the syringes, latex tubing, plastic airway, and CI in the center 
of the stack of folded towels, double wrap the stack and secure with 
tape.  (see  Figure 6, reprinted with permission from AAMI)

Note that PCD components should be preconditioned at room 
temperature and a relative humidity >35% for at least 2 hours prior 
to assembly.

See SELF-STUDY on page 28
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Figure 6—Placement of components in PCD (challenge BI test pack) 

Reprinted from ANSI/AAMI ST41:2008 with permission of the Association for the Advancement of Medical
Instrumentation, Inc. © 2008 AAMI www.aami.org. All rights reserved.
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challenge to the routine test pack.  Commer-
cial equivalents to the challenge BI test pack
are not available.

Routine load release
Back to Table 2, monitoring recommended
for routine load release includes:
• user verification of the physical param-

eters reported on the cycle print-out;
• the use of external and internal chemical

indicators with each package, tray or con-
tainment device (ST41 recommends the
use of a Class 1 process indicator for the
external CI while for internal chemical in-
dicators, Class 4 multi-variable or Class 5
integrating indicator chemical indicators
are recommended); and

• a BI PCD, either the routine test pack de-
scribed in Table A or a commercially
available equivalent. The BI PCD “should
be placed in the area of the chamber and
load that is considered to be least favor-
able to sterilization (usually the center of
the load unless otherwise indicated by the
sterilizer manufacturer)”.1

In addition to verifying satisfactory re-
sults for all monitoring tools, load release
should include verification that the pre-
scribed aeration time is complete. Any
“packages containing implants should be
quarantined until the results of the BI test-
ing (early readout or spore growth) are
available”.1

Routine sterilizer ef ficacy monitoring
ST41 continues to recommend the use of the
routine BI test pack, or a commercially avail-
able equivalent, in each EO sterilization
cycle. The standard also recommends the
daily use of a positive control BI from the
same lot as the test BI.

Sterilization process failure
A significant change to the standard
that is sure to please end-users is
the recommendation to use a rou-
tine BI test pack after a sterilization
process failure, rather than the chal-
lenge BI test pack recommended
in the previous edition of the
standard.  If any monitoring
device (i.e. physical moni-
tor, chemical indicator,
biological indicator)
suggests the ster-
ilization pro-

cess was inadequate, the operator should
conclude a sterilization process failure has
occurred. After investigation, if it is deter-
mined that the sterilizer itself has not mal-
functioned, recommended testing is to run
a routine BI test pack or a commercially
equivalent BI PCD in a similar load and to
quarantine that load until the BI result is
negative.

If, however, it is determined the steril-
izer has malfunctioned, the root cause of
the malfunction must be determined and
the sterilizer repaired. After a malfunction
or major repair, the sterilizer must be
requalified. This is done by running three
consecutive cycles with a routine BI test
pack (or commercially equivalent BI PCD)
in loads “similar in composition and den-
sity to the load exhibiting the sterilization
process failure”.1 If these test loads contain
patient care items, the load contents should
be quarantined until the BI results are
negative.

Qualification testing
Qualification testing recommended after
sterilizer installation or relocation includes
running the challenge test pack, described
in Table A, in three consecutive cycles. One
or more BI challenge test packs are placed
in the sterilizer. Rather than using patient
care load items, additional PCDs, similar
in composition to the challenge test pack
but without the BI, are then used to create
a simulated load. The simulated load cre-
ates a thermal challenge to the cycle and is
similar to testing conducted by the steril-
izer manufacturer. Many health care facili-
ties now use small (chamber volume gen-
erally less than 10 cubic feet) EO sterilizers

employing 100% ethylene oxide
as the sterilant.  For sterilizers
having a chamber volume less
than 16 cubic feet, which in-
cludes typical 100% EO steriliz-
ers, one BI challenge test pack is
placed in the lower front part of
the chamber and then the addi-
tional non-BI PCDs are added

to create a simulated
load.  Larger EO ster-

ilizers require addi-
tional BI PCDs. ST41

provides information on
the required quantity and

placement of BI PCDs.

The newly installed or relocated ster-
ilizer may be put into service after BIs
from the three consecutive test cycles are
negative, and a review of the cycle print-
outs and CI results all indicate accept-
able results.

Should a sterilizer undergo major rede-
sign, perhaps to run a different EO gas
mixture, for example, the required quali-
fication testing is slightly different and re-
quires the assistance of the sterilizer manu-
facturer or other service provider. Three
consecutive half-cycles are run, each with
BI challenge test pack(s) in simulated
loads. Following this, three consecutive
full-cycles should be run, each with BI chal-
lenge test pack(s) in an otherwise empty
chamber. The number of BI PCDs used in
both the half-cycle and full-cycle testing is
dictated by the chamber volume.

Product testing
A test program including both BIs and CIs
should be implemented to periodically test
products routinely sterilized in EO steril-
izers. Changes in packaging, wrapping
technique or load configuration should
trigger product testing. This testing in-
volves placing indicators in a sample tray/
container, packaging and labeling the
sample tray/container, and placing it in a
routine sterilizer load in the most difficult
location in the chamber for sterilant to pen-
etrate. After the sterilization cycle, the
sample tray/container should be aerated
and then opened to examine the CIs and
retrieve the BI for incubation. If all CIs have
reached their endpoints and BI results are
negative, the facility can continue to rou-
tinely sterilize that item. As with all qual-
ity control testing, the results of periodic
product testing should be documented.

Annexes
ST41:2008 reorders the annexes found in
the previous version of the document and
provides additional annexes borrowed
from ST79.

For example, OSHA’s standard on occu-
pational exposure to ethylene oxide
(29CFR 1910.1047), while not new, remains
an essential reference for Sterile Process-
ing Managers and is reprinted in Annex
A. This standard obligates employers to
ensure employees’ exposure to airborne
ethylene oxide does not exceed the Permis-
sible Exposure Limits (PEL) of 1 part per
million (ppm) over an 8-hour time-
weighted average.

SELF-STUDY from page 27
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Detach exam and return to:
Continuing Education Division
KSR Publishing, Inc.
2477 Stickney Point Road, Suite 315B
Sarasota, FL 34231
PH: 941-927-9345 Fax: 941-927-9588

Request for Scoring
•  I have enclosed the scoring fee

of $10. (Payable to KSR Publish-
ing, Inc. We regret that no refunds
can be given. Multiple submissions
may be paid with a single check.)

CONTINUING EDUCATION TEST • FEBRUARY 2009

Please print or type.  Return this page only.

Name

Title

Hospital Name

Mailing Address

Apt/Suite

City, State, Zip

Daytime Phone

E-mail
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Circle the one correct answer:
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1. Ethylene oxide (EO) is used to sterilize
heat- and/or moisture-sensitive medical
devices.
A. True
B. False

2. ST41:2008 provides a definition but does
not discuss the use of Class 6 emulating
indicators.
A. True
B. False

3. General work areas in the sterile
processing department should ideally
maintain a relative humidity level of 50%.
A. True
B. False

4. ST41:2008 includes a recommendation
that mechanical cleaning equipment be
monitored.
A. True
B. False

5. For internal chemical indicators, ST41:2008
recommends the use of Class 4 or Class 5
CIs.
A. True
B. False

6. A BI PCD is recommended for use with each
EO cycle.
A. True
B. False

7. The challenge BI test pack or PCD is used to
qualify a newly installed EO sterilizer.
A. True
B. False

8. A commercially available PCD of equivalent
challenge may be substituted for the routine
BI test pack when conducting routine
sterilizer efficacy testing.
A. True
B. False

9. OSHA has established a permissible
exposure limit to airborne ethylene oxide of
1 ppm over an 8-hour time-weighted-
average.
A. True
B. False

10. Half-cycle testing is part of the qualification
testing required after a sterilizer
malfunctions.
A. True
B. False

Informational annexes originally pub-
lished in ST79 and now included in this ver-
sion of ST41 are:
- Processing CJD-contaminated patient care

equipment and environmental surfaces;
- Selection and use of chemical disinfectants;
- User verification of cleaning processes;
- Thermal disinfection; and
- Development of a prepurchase evaluation

protocol for rigid sterilization container
systems.

Summary
Ethylene oxide sterilization of reusable
medical devices requiring low temperature
sterilization remains an important tool in
the repertoire of technology and clinical
practices hospitals employ to combat HAIs.
The 2008 update to AAMI ST41 provides a
comprehensive reference document on the
safe and effective use of EO sterilizers. Af-
ter reading this self-study article and order-
ing the new AAMI document, review your
department’s Policies and Procedures to de-
termine whether they need revision to re-
flect the updated guidance provided in the
revised standard. Pay particular attention
to section 10.6.4 on testing sterilizers after
sterilization process failures. HPN

Ordering Information:
To order a copy of ST41, visit http://
marketplace.aami.org or call 877-249-8226.
Order code: ST41.

Susan Flynn, BESc. CSPDT is a Technical Ser-
vice Specialist with 3M Health Care’s Steriliza-
tion Assurance group in St. Paul, MN. She is
routinely involved in troubleshooting and ad-
dressing sterilization questions. Flynn’s role at
3M includes providing education for customers
and sales personnel on improving the perfor-
mance of the sterilization process and implement-
ing best practices. Flynn is a certified Central
Sterile Processing and Distribution Technician.
In addition she is a member of several AAMI
working group committees that are developing
recommended practices.
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