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Sterilization
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Validation, routine monitoring go hand in hand

Craig Wallace, President, Wallace Sterilization Consulting, LLC

roper sterilization of medical and

surgical instruments is a critical piece

of any infection prevention program.
The very best aseptic technique will not
be able to compensate for contaminated
instruments. The equipment and processes
used in the sterile processing department
are complex, and the success or failure of
a sterilization process is not easily deter-
mined. The sterile processing team must
rely on a comprehensive quality system
approach to ensure that instruments are
safe and ready for use on patients.

Introduction to sterilization
quality control

You can't see sterility. A sterile instrument
looks identical to a nonsterile instrument.
Thus, the decision on whether processed
instruments are safe for patient use must
be based upon other information. A steril-
ization quality control (QC) system must
be in place to provide a process testing
framework that will provide this necessary
information. A QC system can be loosely
defined as a system that maintains the qual-
ity of a product (in this case, the product
is safe surgical instruments) by testing
the product against a set of specifications.
In this context, sterilization QC systems
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do not test the instruments themselves
because instrument sterility testing is not
practical in a hospital setting. Instead, the
sterilization process conditions are tested
using an array of different types of tests
that provide a comprehensive picture of
the quality of the sterilization process.
The QC system should cover every aspect
of instrument reprocessing (e.g., cleaning,
inspection), with tests designed to pro-
vide information specific to each step in
the process. This article will focus on the
sterilizer and the sterilization process, and
the QC approach that supports the final
decision on whether to release the instru-
ment load for use on patients. In addition,
the focus will be on steam sterilization,
as this process is used for the majority of
surgical instruments. However, the prin-
ciples discussed can be applied to low
temperature sterilization processes as well.

Approaches to quality control

There are two different approaches to
quality control for sterilization processes
(also called sterility assurance). The first
approach is called process validation, the
second approach is called verification. In
some situations, the validation approach
can enable the use of parametric release for
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the final load release decision. Verification
relies on individual process testing and
is often called routine monitoring. In this
approach the load release decision will be
based on the results of an array of tests on
that specific sterilization process and load.
The validation and routine monitoring
approaches are quite different, however,
there are ways they can be compatible.
We'll start with a detailed review of each
approach.

Validation

The term validation is defined as a “confir-
mation process, through the provision of
objective evidence, that the requirements
for a specific intended use or application
have been fulfilled”’. The “provision of
objective evidence” refers to testing that
produces data on the performance of a
process, in this case, a sterilization process.
This data is analyzed to determine if “the
requirements . . . have been fulfilled,” in
other words, if the sterilization process met
its expected performance parameters. For
steam sterilizers used in healthcare, valida-
tion is typically performed by the sterilizer
manufacturer to define and control the
selected cycle. To really understand the
details of the validation approach we can
look at how validation is used by medical
device and pharmaceutical manufactur-
ers. The larger scale of their sterilization
processes and required compliance with
healthcare regulations makes validation
the preferred sterility assurance approach
for these companies. Substantial technical
and financial resources are required to
support the validation programs. Let’s
take a closer look.

The validation approach starts with test-
ing and documentation that verifies that
the equipment is installed and operating
correctly. Process development begins with
physical testing to confirm the critical vari-
ables of the process, and also determine
the process parameters of the process.
Critical variables are process variables
such as exposure time or temperature that
have a direct effect on the efficacy, or kill-
ing power, of the sterilization process. A
process parameter is the actual numerical
setting for a variable. For example, tem-
perature is considered a critical variable
for steam sterilization. A specific setting of
132°C would be the process parameter for
the temperature variable. In the healthcare
setting the sterile processing team will
“choose” process parameters by selecting
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from pre-programmed cycles on the steril-
izer. For an industrial setting that is using
the validation approach the parameters
must be established by testing. This testing
can be quite extensive and complex. This
process development testing will include
establishing the limits of the process, that
is, how much the parameters can be var-
ied and still provide the required process
lethality. Sometimes called “worst case”
testing, these process tests will include
physical measurements from multiple
cycles using complex instrumentation
that is placed in several locations inside
the chamber and load. Process efficacy
is typically evaluated through microbial
inoculation of the most difficult to steril-
ize locations within the most challenging
surgical devices, followed by culturing in
a microbiological laboratory.

Once the required sterilization process
parameters are established, the rest of the
validation approach is focused on ensuring
that those parameters are controlled and
achieved on every single cycle. The core of
the validation approach is the data-driven
establishment of the process parameters
followed by active control of the process
and parameters to ensure that the process
achieves it’s expected efficacy. Active con-
trol means taking steps to ensure that the
equipment is always capable of delivering
the required process parameters. This will
include rigorous on-going calibration of
all testing equipment and sensors, and
strict adherence to preventative mainte-
nance procedures for the sterilizer and any
ancillary equipment. A major challenge
for steam sterilization is assurance that the
steam quality does not vary from cycle to
cycle. Steam quality is a critical process
variable, as problems with steam quality
(e.g., too wet, too dry, superheated, con-
taminated with non-condensable gasses)
will adversely affect the efficacy of the
process. Variations in steam quality can be
difficult to detect and require significant
investment to control. Validated steam
sterilization processes typically require
dedicated steam generation equipment,
strict control of feedwater quality, and a
rigorously maintained delivery system.
The steam quality is carefully monitored
to ensure it continually meets the require-
ments established in the process develop-
ment and validation testing.

Another general requirement of the vali-
dation approach is change control. Again,
the overall philosophy of the validation

approach is establishment of the condi-
tions necessary to achieve a successful
sterilization process, then active control
of those conditions for all routine steriliza-
tion processes. Change control requires
an assessment of the possible effects of
any change from the original validated
conditions, with subsequent revalidation
of the process to accommodate the change,
if needed. Changes can include intended
changes to process parameters as well as
any changes in cleaning processes, pro-
cess or testing equipment, packaging or
containers, instruments in the load, and
even changes in load size or configuration.
Sterility assurance by validation requires
complete documentation of all materials
processed, all process conditions, and the
results of all change control assessments.
Periodic re-validation of the process is
required even if there are no substantive
changes.

A final aspect of the validation approach
is possibility of the use of parametric
release. Parametric release is defined as
“declaration that product is sterile, based
on records demonstrating that the process
parameters were delivered within specified
tolerances.”! In this system the decision
to release a load of instruments for use
on patients is based on assessment of the
critical process parameters for that load, to
see if all of the parameters were within the
ranges established during the validation
work. While this sounds straightforward,
in reality it is quite complex. The param-
eter measurements require sophisticated
instrumentation. A typical sterilizer cycle
printout generated by a single sensor in
the sterilizer chamber would not meet
this requirement. In addition, the use of
parametric release assumes the full critical
parameter control system is in place for
this cycle, and for all cycles. Parametric
release is an efficient tool and well suited
for industrial applications that are capable
of the high level of process control and
documentation required to utilize it.

Verification and

routine monitoring

The term verification is defined as “confir-
mation, through the provision of objective
evidence, that specified requirements have
been fulfilled”’. The definition is similar
to that of validation, but verification is a
bit narrower. It is not defined as a process
and focuses on “specified requirements”
instead of the broader “intended use.” For
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sterility assurance, a practical way to look
at verification is routine monitoring, where
the specified requirements would be the
expected results of physical, chemical, and
biological testing of a process. For steam
sterilizers used in healthcare, verification
is performed by the sterilize processing
department personnel on each cycle.

The fundamental assumption behind
the routine monitoring approach to
sterility assurance is that total control
over all process parameters coupled
with a rigid system that does not allow
variation is not possible in many situa-
tions. Healthcare facilities are typically
not staffed, equipped, or funded to be
able to implement the full validation
process. The size, weight, and compo-
sition of healthcare sterilization loads
are known to vary widely based on the
cases scheduled in the operating room.?
The validation approach operates under
the assumption that, through rigorous
engineering and controls, every steril-
ization cycle and load is identical. The
routine monitoring approach operates
under the assumption that variability
is inherent in the system and, for load
release, treats each sterilization cycle as
a distinct, independent event. In this
system each sterilization cycle is tested
with independent monitors, and the load
release decision is based on the test results
for that specific cycle.

The testing tools used for routine testing
load release are physical monitors, chemi-
cal indicators, and biological indicators.
Physical monitoring is accomplished by
sensors in the steam sterilizer chamber
that measure temperature and pressure
and record the readings on the cycle print-
out. Physical monitoring helps ensure
that the intended cycle was selected and
provides a printed record of the cycle.
Chemical indicators placed on the outside
of packages are used to provide visual
confirmation of exposure to the process,
while chemical indicators placed inside
of packaged items will provide informa-
tion on the physical process parameters
occurring inside of the load. Biological
indicators, typically placed inside of
process challenge devices, challenge the
sterilization process with a large num-
ber of highly resistant bacterial spores.
Biological indicators provide the only
direct measurement of process lethality
because they measure the process” ability
to kill microorganisms rather than evalu-
ating physical parameters.? The results

of all tests are considered for the final
load release decision.

While the routine monitoring approach
considers each sterilization cycle as a
unique event regarding load release, there
is still a need for a broader QC program.
Documented standard operating proce-
dures should be in place that define the
requirements for all processing steps. An
example of a broader QC program for
steam sterilization is provided in AAMI
ST79:2017 (Comprehensive guide to steam
sterilization and sterility assurance in health
care facilities) *. This standard defines
different types of tests for the sterilizer
and sterilization process that go beyond
load release testing and provide a much
broader picture of the overall quality of
the sterilization process. In addition to
Routine Load Release, AAMI ST79 rec-
ommends Routine Sterilizer Efficacy
Monitoring (routine monitoring of the
process with process challenge devices),
Sterilizer Qualification Testing (a special
testing regime to be used to return a ster-
ilizer to service), and Periodic Product
Quality Assurance Testing (to verify
instrument manufacturer’s Instructions
for Use). This matrix of quality control
tests provides a breadth of information
about the sterilization process while
accommodating the realities of the flex-
ibility required in health care sterilization.

Routine monitoring

with validation

The validation and routine monitoring
approaches to sterility assurance are quite
different, and at first glance would seem
to have little or no overlap. The validation
approach seems to be best suited for indus-
trial sterilization or sterilizer manufactur-
ers, and not really applicable to the health
care environment. However, while a full-
blown validation system is typically not
suited to healthcare, there are elements of
the validation approach that can comple-
ment and strengthen a routine monitoring
program. From a higher level, a general
philosophy of more control and consis-
tency in all processes can help reduce
variability and improve quality. Careful
attention to sterilizer sensor calibration
and sterilizer preventative maintenance
of testing and process equipment can also
reduce variability. Some healthcare facili-
ties already do quarterly or annual testing
of sterilizer process parameters and such
things as varied load configurations as
part of their quality program. Though
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sometimes called validation, this type
of testing should not be confused with
a full validation program that requires
on-going control of all process param-
eters, a full change control system, etc.
In a general sense, any additional quality
control steps taken beyond normal routine
monitoring are helpful and can improve
the quality of the overall process. In this
way validation and routine monitoring
can go hand in hand.

Summary

Sterility assurance programs are required
to ensure that processed instruments
are safe and ready for patient use. The
full validation approach is effective but
requires significant resources and is typi-
cally only used in industrial settings. The
routine monitoring approach accom-
modates variability and the flexibility
required in health care settings. Elements
of the validation approach can augment
and strengthen the routine monitoring
approach in healthcare facilities. HPN
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Sterilization quality control
Validation, routine monitoring go hand in hand

Circle the one correct answer:

. Since you can't determine if an instrument is sterile just by looking at it,
you need to rely on other information to decide if a load of instruments
is safe for patient use.

A. True B. False

. The process validation approach to sterility assurance is primarily used
by medical device and pharmaceutical manufacturers.
A. True B. False

. A process variable is a specific value of a process parameter.
A. True B. False

. Validation and routine monitoring are two approaches to sterility assur-

. The validation approach assumes each sterilization cycle is the same as
the previous cycle.

A. True B. False

. Routine monitoring relies on the results of physical, chemical, and biologi-
cal indicators.

A. True B. False

. For load release, routine monitoring treats each sterilization cycle as a
unique event.

A. True B. False

. The routine monitoring approach to sterility assurance is the typical
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ance.

approach used in health care facilities.
A. True B.

False A. True B. False

5. Parametric release relies on the results of physical, chemical, and biologi- 10
cal indicators.
A. True B.

. Elements of the validation approach can be used to strengthen the routine
monitoring approach.

False A. True B. False
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