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February 2006
The  self-study lesson on this central service topic
was developed by 3M and AAMI (Association for
the Advancement of Medical Instrumentation). The
lessons are administered by KSR.

Earn CEUs
The series can assist readers in maintaining their CS certi-
fication. After careful study of the lesson, complete the ex-
amination at the end of this section. 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 certificate of
completion within 30 days. Previous lessons are available
on the Internet at www.hpnonline.com.

Certification
This in-service has been pre-approved by the CBSPD to be
used once during an individual’s re-certification period, for 1
contact hour. The approval is good for 5 years from the origi-
nal publication date. Refer to the CBSPD Continuing Edu-
cation Protocols for submitting a pre-approved in-service at
re-certification time. Protocols can be found at CBSPD
website sterileprocessing.org or by calling CBSPD office at
908-788-3847.

Learning objectives
1. Define what a process challenge

device (PCD) is.
2. Select an appropriate biological

indicator process challenge
device (BI PCD) for routine and
sterilizer qualification testing of
all steam sterilization processes.

3. Select the appropriate Class 5
integrating indicator (Class 5
CI PCD) to routinely monitor
loads that do not contain
implants.

4. Develop a policy and procedure
for the correct use of a Bowie-
Dick PCD (BD PCD) for
routine and qualification testing
of steam sterilizers.

For more information
Direct any questions to Healthcare Purchasing News
(941) 927-9345, ext 202.
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Process challenge devices
for steam sterilization
cycles
by Martha Young, BS, MS, CSPDT

SELF-STUDY Series

A process challenge device is the International
Standards Organization (ISO) term that is now
being used in the Association for the Advance-
ment of Medical Instrumentation (AAMI) rec-
ommended practices and standards. This term
replaces the word challenge or test pack that has
been used in the past. For short it is referred to as
a “PCD”.

You will not routinely find the term PCD used
in the labeling of commercially available chal-
lenge or test packs because it is a new term but be
aware that the term “test” or “challenge pack” on
that product is interchangeable with the term
“PCD”.

In 2003, AAMI published a Technical Infor-
mation Report TIR, AAMI TIR31, Process chal-
lenge devices/test packs for use in health care
facilities. This TIR provides technical informa-
tion to health care facilities in the selection and use
of process challenge devices (PCDs). This TIR
specifically addresses biological indicator (BI)
PCDs but does have Annex B which discusses the
Bowie-Dick test pack.  In addition, at the time this
TIR was published, there were no test or chal-
lenge pack or PCD standards for hydrogen per-
oxide gas plasma or ozone sterilization.
Information about the use of test or challenge
packs/PCDs in these processes is provided by the
sterilizer manufacturer.

The AAMI TIR31, 2003 defines a process chal-
lenge device (PCD) as1:

“Item designed to simulate product to be steril-
ized and to constitute a defined challenge to the
sterilization process, and used to assess the effec-
tive performance of the process.”

For this inservice the term PCD does refer to
test or challenge pack and will discuss biological
indicator PCDs (BI PCDs), Class 5 integrating
indicator PCDs (Class 5 CI PCDs), and Bowie-
Dick PCDs (BD PCDs).

Biological Indicator PCDs
A BI PCD consists of a BI and may include a
chemical indicator. These indicators are placed
inside a package that creates a challenge to the
sterilization process and that is representative of
the most difficult item to sterilize in the load.

The BI PCD is the greatest challenge to the
sterilization process because spores are the only
currently accepted system capable of integrating
all the physical parameters responsible for lethal-
ity of a sterilization process to tell you spores were

killed.2,3  Chemical indicators, such as Class 5
integrating indicators are not an acceptable moni-
tor for determining the effectiveness of a steriliza-
tion process.4,5

Steam Sterilization
Routine Testing
Routine testing should be done at least weekly,
but preferably every day that the sterilizer is in
use.1, 6-9 If a sterilizer is designed to be used for
multiple types of cycles [gravity-displacement,
dynamic air-removal (prevacuum or steam-flush
pressure-pulse), flash], each sterilization cycle type
should be tested.1,6-8

Each load containing implantable medical de-
vices should be monitored with a BI (early read-
out or spore growth) and whenever possible,
quarantined until the results of the BI testing are
available.1,6-8.

For the 270°F to 275°F (132°C to 135°C) dy-
namic-air-removal or 250°F (121°C) gravity-dis-
placement steam sterilization cycles use one of the
following PCDs:
  • AAMI 16-towel routine BI PCD
  • Commercially available BI PCD of equiva-

lent performance to the AAMI 16-towel rou-
tine BI PCD

  • BI in a package that is representative of the
load (i.e., protective organizing case or rigid
sterilization container)

For routine testing the AAMI BI PCD is placed
flat or horizontal. Commercially available BI
PCDs should be placed according to the in-
structions for use. A BI in a package that is
representative of the load should be placed as it
normally would be.

All BI PCDs are placed in a full chamber on a
rack or shelf near the drain which is the least favor-
able to sterilization and the greatest challenge to
the BI.

For 270°F to 275°F (132°C to 135°C) gravity-
displacement or dynamic-air-removal flash steam
sterilization processes, in addition to testing each
type of cycle used, each type of tray configuration
(e.g., open surgical tray, single-wrapped surgical
tray, protective organizing case, rigid sterilization
container) should be tested separately with the
appropriate BI PCD.1,7 This testing should also be
done at least weekly, but preferably every day
that the sterilizer is in use.1, 6-9 Following are ex-
amples of BI PCDs that are appropriate but must
be representative of the tray configurations being
processed:
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  • BI in open perforated or mesh bottom surgi-
cal tray

  • BI in wrapped perforated or mesh bottom
surgical tray

  • BI in protective organizing case in area(s)
that creates the greatest challenge to air re-
moval and sterilant penetration

  • BI in rigid sterilization container in area(s)
that creates the greatest challenge to air re-
moval and sterilant penetration

Porous items such as a towel or foam should be
included in the BI PCD if routinely used. It is
not necessary to add instruments to the BI PCD
since an empty tray is a greater challenge be-
cause it minimizes heat-up time, because there is
less mass in the tray, which minimizes the lethal-
ity of the processes.

For example, if flash sterilization is routinely
done in a rigid sterilization container for 5 min-
utes in a 270°F to 275°F (132°C to 135°C) gravity-
displacement steam sterilizer, then the BI PCD to
routinely use would include a BI in an empty
rigid sterilization container run in the same cycle
parameters. It would not be as great a challenge or
representative of the load to run a BI in a perfo-
rated or mesh bottom tray.

If flash sterilization is done in open perforated
or mesh bottom surgical trays and rigid steriliza-
tion containers then a BI PCD representative of
each of those types of packaging should be rou-
tinely run. Remember to always use a BI PCD
that is representative of the most challenging tray
configuration and to test all the different tray con-
figurations used routinely.

In flash sterilization cycles the BI PCD is placed
in an empty load, on the bottom rack or shelf,
over the drain. Empty load testing is a greater
challenge because it minimizes heat-up time, be-
cause there is less mass in the load, which mini-
mizes the lethality of the processes.7

For table top steam sterilizers, each type of ster-
ilization cycle used (e.g., unwrapped instruments,
wrapped instruments, packs) should be tested with
the same type of package or tray and items rou-
tinely processed.9 Examples of appropriate BI
PCDs for specific cycles:
  • Unwrapped instrument cycle – BI in un-

wrapped perforated or mesh bottom instru-
ment tray;

  • Wrapped instrument cycle or peel pouches –
BI in empty wrapped instrument tray or peel
pouch (include porous items if applicable);

  • Wrapped pack cycle – BI in wrapped pack
that is representative of the load (include po-
rous items if applicable).

Place the BI PCD on its edge if it is a small pack
or flat if it is a tray or large pack.  Place in the
coldest area of the sterilizer, normally the cen-
ter, front of the chamber in a full load. Full load
testing is the greatest challenge because of the
limited amount of sterilant that enters the cham-
ber.

If a positive BI is obtained a recall must be done
because the sterilization process was not effective.6

As stated in AAMI ST46, section 7.5.4.4 Positive
biological indicator results (p. 50):

“b) Because a sterilization failure has occurred,
items processed in that sterilizer,  dating from the
sterilization cycle having the last negative BI to
the next cycle showing satisfactory BI challenge
results, should be considered nonsterile. They
should be retrieved, if possible, and reprocessed.
(See 7.9)

A recall can be avoided by monitoring each
load with a BI PCD and quarantining the load
until the BI results are negative at 1 or 3 hours.

Sterilizer Qualification Testing
The BI PCD used for routine testing can also be
used for sterilizer qualification testing whenever:1,6-8

  • a sterilizer is installed or relocated
  • after a sterilizer malfunction
  • after a sterilization process failure
  • after a major repair
  › A major repair is a repair outside the scope

of normal maintenance. This includes weld
repairs of the pressure vessel, replacement of
the chamber door or major piping assem-
bly, or rebuilds or upgrades of controls.
Normal preventive maintenance, such as the
rebuilding of solenoid valves, is not consid-
ered major repair.

For qualification testing each cycle type used
[gravity-displacement, dynamic air-removal
(prevacuum or steam-flush pressure-pulse), flash],
should be tested but it is not necessary to test
each type of tray configuration used.1,6-8 For
sterilizer qualification testing a BI PCD is run in
three consecutive empty cycles in the 270°F to
275°F (132°C to 135°C) dynamic-air-removal,
250°F (121°C) gravity-displacement and 270°F
to 275°F (132°C to 135°C) gravity-displacement
steam sterilization cycles. If all BIs are negative
the sterilizer can be placed into routine use.

Table-top steam sterilizer qualification testing
is done to ensure the sterilizer is installed cor-
rectly and has the correct utilities to function
consistently and properly. For qualification test-
ing each type of sterilization cycle used (e.g.,
unwrapped instruments, wrapped instruments,
packs) should be tested with the same type of
package or tray and items routinely processed.9
Qualification testing with a BI PCD is done in a
fully loaded chamber as this creates the greatest
challenge to the limited amount of sterilant that
enters the chamber of a table top sterilizer. Run
three consecutive full cycles, one right after the
other. If all BIs are negative the sterilizer can be
placed into routine use.

Class 5 Integrating Indicator
PCDs
A Class 5 integrating indicator PCD consists of
a Class 5 CI in a package that creates a chal-
lenge to the sterilization process and that is rep-
resentative of the most difficult item to sterilize
in the load. This PCD may also contain a BI.

Routine Testing
The Class 5 integrating indicator in the PCD is
only used for routine testing and as an additional
monitoring tool but not as a replacement for the
use of a BI in a PCDs.6  AAMI ST46, 2002:
Steam sterilization and sterility assurance in
health care facilities states in 7.4.2.3(b)(2):

“NOTE-Multiple-parameter CIs and integrat-
ing CIs provide more information about the pro-
cess than do single-parameter indicators. The
results of Class 5 integrating indicators may serve
as the basis for the release of processed items,
excluding implants. These indicating indicators
must be used within an appropriate challenge test
pack. Using Class 5 integrating indicators for this
purpose does not replace the use of BIs as de-
scribed in 7.4.3.”

For the 270°F to 275°F (132°C to 135°C) dy-
namic-air-removal or 250°F (121°C) gravity-dis-
placement steam sterilization cycles the Class 5
integrating indicator should be in the same type of
test pack or PCD as the routine BI PCD used. The
Class 5 CI PCD is placed flat or according to the
product instructions for use in a full chamber on a
rack or shelf near the drain which is the least
favorable to sterilization and the greatest chal-
lenge to the BI. The Class 5 CI PCD is opened at
the end of the cycle and if the CI has reached its
endpoint the load can be released. If a BI is in-
cluded it should be incubated. Implants should
not be released until the BI results are known.6-8

For 270°F to 275°F (132°C to 135°C) gravity-
displacement or dynamic-air-removal flash steam
sterilization processes, the Class 5 integrating in-
dicator PCD should be in the same type of test
tray configuration or PCD as the routine BI PCD.
The Class 5 CI PCD is placed in an empty load,
on the bottom rack or shelf, over the drain. In
addition, any visible Class 5 integrating indicator
in any tray configuration processed can be used as
both an internal chemical indicator and to release
the load if the load does not contain an implant-
able medical device.

Remember that the Association of periOperative
Nurses (AORN) 2005 Standards, Recommended
Practices, and Guidelines states8:

“Implantable medical devices should not be
flash sterilized because of possible patient compli-
cations.”

Patient outcomes included a higher degree of
risk of infection because:10

 • “First, they are left behind at surgery, so if
there are microorganisms on them, these will
remain in the body. Infections associated with
implants may not be evident for up to a year
after surgery.

  • Second, the placement of an implant often
means the removal of tissue, with interrup-

An
sw

er
s

1. 
a

2. 
b

3. 
a

4. 
a

5. 
b

6. 
b

7. 
a

8. 
b

9. 
a

10
. a

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

SELF-STUDY Series



3 8 February 2006 • HEALTHCARE Purchasing NEWS® • www.hpnonline.com

tion of blood supply and significant manipu-
lation of the tissues immediately adjacent to
the implant, creating an area of potential safety
for microorganisms to multiply, further in-
creasing the risk of infection.

  • Third, because there is interrupted blood sup-
ply, antibiotics cannot easily get to the micro-
organisms if they do multiply enough to cause
a clinical infection.

  • Fourth, the implant itself may be vital to
continuing function of a body system, such as
would occur with a total joint replacement,
vascular graft, or intraocular lens placement.
An infection may not be curable with the im-
plant in place, and removing it could cripple
or kill the patient.”

In addition:
“The mortality rate (deaths) associated with in-

fected total hip replacements approaches 50%,
from the infection itself and from the complica-
tions associated with the resulting impaired mo-
bility, such as blood clots and pneumonia.”10

For the above reasons, an implant should not
be flash sterilized or released for patient use before
the BI result is know.

The AORN standard also states:8
“If an implantable device is sterilized on-site at

health care facilities, AAMI recommends that
health care personnel quarantine the device and
await the outcome of biological monitoring of the
device’s sterilization cycles before releasing the
item for patient use. If an implantable medical
device is flash sterilized, the device must be used
immediately after a negative biological readout. If
not used, the device must be reprocessed before
future use.”

Class 5 integrating indicator PCDs may be used
as an additional routine monitoring tool to release
loads that do not contain implantable medical
devices but they do not replace the use of BI
PCDs and do not respond the same as BIs to
inadequate time at temperature and defined fail-
ure conditions of superheated steam and incom-
plete chamber air removal.11 In addition, a recall
is based on the results of the BI PCD.6  This recall
occurs no matter what the results are of the Class 5
integrating indicator PCD.
Sterilizer Qualification Testing
Class 5 integrating indicators are not to be used
for sterilizer qualification testing (see BI PCD sec-
tion).

Bowie-Dick PCD’s
A Bowie-Dick (BD) PCD consists of a Class 2
chemical indicator test sheet placed inside a pack-
age that creates a challenge to air removal and
steam penetration. The BD PCD can be either an:
  • AAMI BD towel pack
  • Commercially available BD PCD of equiva-

lent performance to the AAMI BD towel pack.
The BD PCD is used in 270°F to 275°F (132°C
to 135°C) dynamic-air-removal sterilizers to

demonstrate that the sterilizer has no air leaks,
the vacuum system is adequately removing air
from the chamber, that the steam is capable of
penetrating the package and not too dry or too
wet or does not contain a level of non-condens-
able gases that would interfere with effective
sterilization.6,12

When evaluating BD test results according to
the AAMI ST46 Good Hospital Practice: Steam
Sterilization and Sterility Assurance, 2002 docu-
ment (p. 52), unsatisfactory test results occur when:6

“Any unexpected color change, such as the cen-
ter of the test sheet being paler or a different color
than the edges (i.e., there is a nonuniform color
change) indicates that there was an air pocket
present during the cycle due to sterilizer malfunc-
tion.”

Any indication of a malfunction must be re-
ported to the supervisor on duty whose immedi-
ate responsibility is to assure that the test results
have been interpreted correctly.6 Comparing the
results with past results for the same sterilizer over
a recent period of time of weeks or months will
assist in detecting subtle changes in the test sheet.11

The supervisor then determines if the sterilizer
needs to be retested, serviced, or remain in use.6
Routine Testing
The BD PCD is run routinely each day before the
first processed load in the 270°F to 275°F (132°C
to 135°C) dynamic-air-removal sterilizer.6-8 A
warm up cycle should be run prior to running the
BD PCD to properly heat the sterilizer.6 The BD
PCD “should be placed horizontally, in the front,
bottom section of the sterilizer rack, near the door
and over the drain, in an otherwise empty cham-
ber”.6 The exposure time is 3.5 minutes, but if
half-minute exposure times are not available, then
the time should never exceed 4 minutes.6
Sterilizer Qualification Testing
The BD PCD used for routine testing can also be
used for sterilizer qualification testing whenever:6-8

  • a sterilizer is installed or relocated
  • after a sterilizer malfunction
  • after a sterilization process failure
  • after a major repair

  › A major repair is a repair outside the scope
of normal maintenance. This includes weld
repairs of the pressure vessel, replacement of
the chamber door or major piping assem-
bly, or rebuilds or upgrades of controls.
Normal preventive maintenance, such as the
rebuilding of solenoid valves, is not consid-
ered major repair.

For sterilizer qualification testing a BD PCD is
run in three consecutive empty cycles. If the test
sheets show a uniform color change and the BI
PCDs show negative results, the sterilizer can
be put into routine use.

Summary
A process challenge device is the new term that
replaces the word challenge or test pack.    A PCD
is an “item designed to simulate product to be

sterilized and to constitute a defined challenge to
the sterilization process, and used to assess the
effective performance of the process.”1 It is com-
monly referred to as a PCD. A PCD can contain
a BI (BI PCD), a Class 5 integrating indicator
(Class 5 CI PCD) which may also contain a BI, or
a Bowie-Dick test sheet (BD PCD). The BI PCD
and BD PCDs are used for routine and sterilizer
qualification testing. The BI PCD is used to re-
lease implantable medical devices. The Class 5 CI
PCD can be used to routinely release loads that do
not contain implantable medical devices. The Class
5 CI PCD is not used for sterilizer qualification
testing. All these PCDs are monitoring tools used
to evaluate the effectiveness of the steam steriliza-
tion process. If used as designed and in the appro-
priate cycles and situations the outcome of the
sterilization process can be improved. HPNHPNHPNHPNHPN

Editor’s Note:
AAMI documents can be purchased through
AAMI by credit card using the following four
options:
1. Internet: http://marketplace.aami.org/eseries/
ScriptContent/Index.cfm
2. Call: 1-800-332-2264, ext 217
or 1-703-525-4890, ext 217
3. Fax: 703-525-1424
4. Mail: AAMI, Customer Service Center, 1100
N. Glebe Road, Suite 220, Arlington, VA
22201-5762

Martha Young, BS, MS, CSPDT, is a Senior
International Technical Service specialist in 3M
Medical Products, St. Paul, MN. She has more
than 25 years of experience in the area of
sterilization and disinfection.
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Continuing Education Test-February 2006

Process challenge devices for steam
sterilization cycles used in healthcare facilities

Request for scoring February 2006                  Presented by

                 Sponsored by

CIRCLE THE CORRECT ANSWER

Please print or type. Return this page only.

Name  Title

(                    )

Hospital Name  Daytime telephone

Mailing address/P.O. box  Apt./Suite

City  State Zip code

I have enclosed the scoring fee of $10.
(Please make checks payable to KSR
Publishing, Inc. We regret that no refunds
can be given.)

Detach exam, fold and return to:
Continuing Education Division
KSR Publishing, Inc.
2477 Stickney Point Road, Ste. 315B
Sarasota, FL 34231
PH: 941-927-9345 Fax: 941-927-9588
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1.  A process challenge device (PCD) is
the same as a challenge or test
pack.
a) True
b) False

2.  A biological indicator process
challenge device (BI PCD) should
create a challenge to sterilant
penetration that is less stringent
than the load contents and be
placed in the least challenging area
in the chamber.
a) True
b) False

3.  Biological indicator process
challenge devices (BI PCDs) are the
most important part of a
sterilization process-monitoring
program because they integrate all
the parameters of the sterilization
process and tell you spores are
killed.
a) True
b) False

4.  Commercially available disposable
PCDs can be used if shown to be
equivalent to the AAMI
recommended health care
prepared packs.
a) True
b) False

5.  The same biological indicator
process challenge device (BI PCD)
can be used for flash and non-flash
steam sterilization cycles.
a) True
b) False

6.  If a steam sterilizer is designed to
be used for multiple types of cycles
[gravity-displacement, dynamic air-
removal (prevaccum or steam-flush
pressure-pulse), flash], only one
sterilization cycle type should be
tested with an appropriate
biological indicator process
challenge device (BI PCD) at least
weekly, preferably each day the
sterilizer is used.
a) True
b) False

7.  Each type of tray configuration
(e.g., open surgical tray, single-
wrapped surgical tray, protective
organizing case, rigid sterilization
container) used for flash sterilization
should be tested with an
appropriate biological indicator
process challenge device (BI PCD)
at least weekly, preferably each
day the sterilizer is used.
a) True
b) False

8.  A Class 5 integrating chemical
indicator process challenge pack
(Class 5 CI PCD) can be used to
release loads containing
implantable medical devices.
a) True
b) False

9.  Class 5 integrating chemical
indicators do not detect steam
sterilization process failure
conditions as often as a BI.
a) True
b) False

10. One Bowie-Dick process challenge
pack (BD PCD) is placed on the
sterilizer rack or shelf, near the
door and over the drain, in an
otherwise empty chamber for both
routine and sterilizer qualification
testing.
a) True
b) False
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