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Foreword

Modern medicine as we know it would never have existed without the advent of disinfection and 
sterilization. Through the early 19th century, the inside of the living human body was the doctor’s 
equivalent to those areas on old maps marked “Here there be dragons”—it was dangerous territory 
to be avoided whenever possible. Voluntary surgery was largely limited to minimally invasive 
procedures such as blood-letting, tooth extraction, and removing kidney stones by dilating the 
urethra. Invasive surgery’s high rate of mortality, which resulted from both infections and the 
rudimentary nature of surgical technique, made such procedures a tool of last resort.

Medical pioneers like Louis Pasteur and Edward Jenner changed this. Not only did they establish 
the causal connection between microbes and infections, they created methods and technologies 
to control the former and thereby prevent the latter. With the introduction of these practices, the 
interior body cavity was no longer terra incognita for doctors. Physicians were able to surgically 
treat conditions previously considered death sentences; surgery became safer, medical knowledge 
flourished, and surgical technique advanced. Since the first successful appendectomy in 1884, 
surgery has progressed to the point where robots are now used to repair the heart, and what were 
formerly major surgeries have become outpatient procedures.

Key to this battle against surgical infections has been the role played by those who reprocess 
the medical instruments used in surgery. Since the invention of the autoclave in 1879, steam 
sterilization has been the primary choice for treating heat-resistant surgical instruments, like those 
made of metal or glass. Instruments that could not withstand the high temperatures or humidity of 
steam sterilization were treated using dry heat or by a variety of chemical sterilants or disinfectants. 
When devices were properly cleaned and disinfected or sterilized, post-surgical infections arising 
from device contamination were extraordinarily rare—and where post-surgical infections did occur, 
they could be easily treated using 20th century antibiotics.

This almost 150 years of unbroken success in fighting and preventing infections, however, is being 
challenged. The appearance of antibiotic-resistant bacteria, like methicillin-resistant Staphylococcus 
aureus and carbapenem-resistant Enterobacteriaceae, means that hospital-acquired infections can be 
more dangerous and harder to treat. The increased complexity of new medical instruments—such 
as endoscopes and those used in robot-assisted surgery—and the incorporation of delicate materials 
and sensitive electronics into devices, are making the work of reprocessing personnel similarly more 
complicated and demanding.
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Dealing with these challenges will require that those involved in reprocessing—both device 
manufacturers and sterile processing personnel—have deeper knowledge of the science and 
practices that underlie reprocessing. For sterile processing personnel, it is not enough to know 
how to load and run a sterilizer or how to follow manufacturer’s instructions. Today, they need to 
understand how cleaning, disinfection, and sterilization processes are developed and validated, 
and they should possess at least a basic understanding of the microbiology, chemistry, and physics 
behind those processes. Similarly, medical device designers and manufacturers can no longer 
wait until a device is ready to go to market to figure out how it will be reprocessed. They need this 
knowledge in advance so that sterilization requirements can be appropriately addressed as part of 
device design, ensuring that reprocessing the devices they create in the future will be simpler, safer, 
and more effective.

In this textbook, Donna Swenson distills what she has learned though her education and long 
career in both industrial and health care sterilization, as well as through her work developing 
sterilization standards in the U.S. and internationally. It introduces the reader to the basic principles 
of disinfection and sterilization science and then shows how this science is applied to develop and 
validate cleaning, disinfection, and sterilization processes. By providing the reader with a good 
understanding of the esoteric domain of sterilization science and engineering, it is hoped that the 
quality and efficacy of medical devices can be improved and that patient safety may be advanced.

Joe Lewelling, vice president of standards and emerging technology,  
AAMI secretary of ISO/TC 198, Sterilization of health care products 

February 2014
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Preface

Several years ago, I was speaking with some of my colleagues at an AAMI Sterilization Standards 
Committee meeting. One of the things that we discussed was how confusing the principles of 
sterilization verification, validation, and qualification are to many of the people who work in the 
sterile processing and medical device manufacturing fields. This knowledge seems to be the 
private domain of sterilization engineers, who appear to possess an almost esoteric knowledge of 
verification, validation, and qualification of sterilization processes. However, many other people are 
involved in sterilization, and they need to understand these principles as well. During the course of 
this conversation, one of my colleagues mentioned that someone needs to write a book that would 
explain in plain English what sterilization verification, validation, and qualification mean and how 
they are performed. After the conversation, everyone moved on to other things.

But, this conversation got me thinking. Over the next several months, I kept thinking about that 
comment that someone needs to write a book. The more I thought about it, the more I agreed that 
someone did need to write a book. I approached Joe Lewelling, AAMI’s vice president of standards, 
and asked him whether AAMI would publish such a book. That conversation led, in turn, to a 
conversation with Steve Campbell, chief operating officer for AAMI. Steve and I agreed that this was 
a worthwhile project. In May 2011, Steve and I signed a publishing agreement and thus I began a 
journey that led to the publication of this book.

This book is about the principles on which sterilization verification, validation, and qualification 
are based. To facilitate understanding of those principles, I begin with basic information about 
the science behind sterilization and quality management. Next, the book covers the principles 
of validation and then how those principles apply to cleaning processes, the validation of steam 
sterilization processes, and product quality assurance testing of steam sterilization processes. 
Verification of cleaning and steam sterilization processes is also addressed.

This book is written as a textbook. It is meant to provide an explanation of the basic concepts of 
verification, validation, and qualification of sterilization processes for both healthcare facilities and 
medical device manufacturers. The intent of the book is to help sterile processing and medical 
device manufacturing personnel be on the “same page” and to be able to use the same language 
and concepts in discussing and understanding sterilization processes. I also expect that this 
book will help different groups understand each other’s needs. I believe that with the help of the 
many reviewers and the editor, I have accomplished these goals. I am hopeful that with improved 
understanding of each group’s requirements, we will be able to obtain medical devices that meet the 
needs of all involved parties: the patient, the user of the device, and the reprocessor of the device.
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Chapter 1 Introduction

Healthcare sterile processing and medical device manufacturing professionals of today need a 
comprehensive understanding of sterilization processes and how to produce sterile product. Device 
manufacturers are required to provide information to the Food and Drug Administration (FDA) 
on how they will address the manufacturing of all products and how reusable products are to be 
cleaned and sterilized by the end user or sterile processing professional. For device manufacturers 
to fulfill this obligation, an understanding of the cleaning and sterilization processes used in health 
care is required. Sterile processing professionals must ensure that

a)	 their sterilization processes meet quality assurance standards;

b)	they are adhering to these processes;

c)	 the methods used for the products that they process are verified; and

d)	the processes used for the sterile products they create are validated. 

This book is intended to be used as a textbook by medical device manufacturers, healthcare sterile 
processing professionals, and students of sterilization. It explains concepts and provides examples 
and definitions for sterilization science, quality management, validation theory, and cleaning and 
sterilization practices, focusing on steam sterilization as a model process for hospital application 
and on product quality assurance testing methods used in U.S. hospitals.

	 Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification	  1© AAMI

Full document details: Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification

http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification
http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification


2 Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification	 © AAMI

Full document details: Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification

http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification
http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification


Chapter 2 Definitions and 
Abbreviations

Definitions

Acceptable quality level (AQL)1 For a 
continued series of lots, the quality level that for 
the purpose of sampling inspection is the limit 
of a satisfactory process average.

NOTE: AQL defines a producer’s protection 
level in the sense that a lot at the stated AQL has 
a high probability of acceptance and, therefore, 
a low probability of rejection. 

Acellular infectious agent Acellular 
microorganism capable of causing disease.

Acellular microorganism Microscopic 
organism that does not have any cells and must 
partner with a living cell in order to live and 
grow. Examples include viruses, viroids, prions, 
and plasmids.

Attribute data Data representing an individual 
characteristic that either exists or does not exist.

Bacilli Bacteria that are rod- or stick-shaped. 
Bacilli are usually spore-forming and aerobic 
(require oxygen to live and multiply).

Bacteria Prokaryotic round, spiral, or rod-
shaped single-celled microorganisms.

Bioburden2 Population of viable 
microorganisms on a product and/or a sterile 
barrier system.

NOTE: When measured, bioburden is expressed 
as the total count of bacterial and fungal colony-
forming units (CFUs) per single item. 

Calibration3 Set of operations that, under 
specified conditions, in a first step, establishes 
a relation between the quantity values with 
measurement uncertainties provided by 
measurement standards and corresponding 
indications with associated measurement 
uncertainties and, in a second step, uses this 
information to establish a relation for obtaining 
a measurement result from an indication. 
Calibration should not be mistaken with 
adjustment of a measuring system nor with 
verification of calibration. Often the first step 
alone in the above definition is perceived as 
being calibration. 

Change control Systematic approach to 
ensuring that a process change is implemented 
in a controlled manner.

Cocci Bacteria having a spherical or near-
spherical shape.

Colony-forming unit (CFU) An individual 
colony of bacteria or fungi. In microbiology, the 
number of colony-forming units is an estimate 
of the number of viable bacteria or fungi.

Concurrent validation Validation study 
conducted as part of routine production of a 
product.

Data logger Electronic device that records 
information (data), usually at specified time 
intervals.
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Decimal reduction value (D value)2 Time or dose required 
to achieve inactivation of 90% of a population of the test 
microorganism under stated conditions.

NOTE: The larger the D value, the more resistant the 
microorganism is to destruction. The value can be derived by 
plotting the logarithm of the number of microbial survivors 
against sterilization exposure time; the time corresponding to a 
1-logarithm reduction in numbers can then be directly measured.

Design history file (DHF)4 Compilation of records which 
describes the design history of a finished device. 

NOTE: Each time that a device design is changed, the change 
needs to be documented in the design history file.

Design qualification (DQ)5 Verification that the proposed 
specification for the facility, equipment, or system is suitable for 
the intended use.

Device master record (DMR)4 Compilation of records 
containing the procedures and specifications for a finished device.

NOTE: The DMR contains all the information needed to 
manufacture a specific device to company specifications. 

Disinfection2 Process that kills pathogenic and other 
microorganisms by physical or chemical means.

NOTE: Disinfection destroys most recognized pathogenic 
microorganisms but not necessarily all microbial forms, such as 
bacterial spores. Disinfection processes do not ensure the margin 
of safety associated with sterilization processes.

Eucaryotic microorganisms Organisms consisting of cells that 
each contain a distinct nucleus within which the genetic material 
is contained.

Exponential Increase or decrease in number or exponent at 
a constantly growing rate; raising or lowering a number by a 
specified power. The increase or decrease will become steeper or 
shallower the higher the power to which the exponent is raised.

F0 value6 Microbiological lethality of a sterilization process 
expressed in terms of the equivalent time, in minutes, at a 
temperature of 121.1°C with reference to microorganisms with a  
z value of 10°C.

Factory acceptance test (FAT) Testing of new equipment that 
was performed by the manufacturer of the equipment before 
shipping the equipment to the customer. This testing is intended 
to ensure that the machine is performing as designed before 
release to a customer.

Fault condition Situation in which one or more of the process 
parameters lie outside its/their specified tolerance.

Fungi Single- or multi-celled plants that do not contain 
chlorophyll and that live by decomposing and digesting the 
organic material on which they grow. Examples include yeast and 
mold.

Installation qualification (IQ)5 Process of obtaining and 
documenting evidence that equipment has been provided and 
installed in accordance with its specification. 

LD50 Dose of a specific chemical administered by a specific route 
that is lethal to 50% of an animal population.

Limit of detection (LOD) Lowest amount of a substance that can 
be detected by a specific test method.

Limit of quantitation (LOQ) Lowest amount of a substance that 
can be quantified by a specific test method.

Lowest therapeutic dose (LTD) Lowest amount of a therapeutic 
agent that causes the desired therapeutic effect to occur.

Management representative Member of management who 
is responsible for ensuring that a company’s quality system is 
implemented and adhered to. This person is usually the liaison 
between the company and regulatory agencies.

Management review Periodic review of a quality system to 
ensure that the system is suitable and effective.

NOTE 1: According to the FDA,4 “Management with executive 
responsibility shall review the suitability and effectiveness 
of the quality system at defined intervals and with sufficient 
frequency according to established procedures to ensure that 
the quality system satisfies the requirements of this part and the 
manufacturer’s established quality policy and objectives. The 
dates and results of quality system reviews shall be documented.” 

NOTE 2: It is generally recommended that management reviews 
be conducted at least annually.

Master product2 (Sterilization) product designated as 
representative of all members of a product family. This product 
has the most difficult-to-sterilize attributes of any member of the 
family. 

Maximum allowable carry over (MACO) Maximum amount 
of a specific chemical residual that is acceptable to still be present 
on a device after completion of a process.

Operational qualification (OQ)5 Process of obtaining and 
documenting evidence that installed equipment operates 
within predetermined limits when used in accordance with its 
operational procedures. 
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Organelle Specialized subunit within a cell that performs a 
specific function within the cell. Examples include mitochondria, 
vacuoles, and chloroplasts.

Pathogen Disease-producing agent capable of producing illness 
or disease in a host organism.

Performance qualification (PQ)5 Process of obtaining and 
documenting evidence that the equipment, as installed and 
operated in accordance with operational procedures, consistently 
performs in accordance with predetermined criteria and thereby 
yields product meeting its specification.

Prions7 Transmissible pathogenic agents that cause a variety of 
neurodegenerative diseases of humans and animals, including 
scrapie in sheep and goats, bovine spongiform encephalopathy 
(BSE) in cattle, and Creutzfeldt-Jakob disease (CJD) in humans. 
They are unlike any other infectious pathogens, including viruses, 
because they are composed of an abnormal conformational 
isoform of a normal cellular protein, the prion protein (PrP). 
Prion diseases are disorders of protein configuration involving 
template-assisted replication and resulting in abnormal protein 
accumulation in the brain, which causes neuronal dysfunction, 
degeneration, and death. Prions are extremely resistant to 
inactivation by heat and disinfecting agents.

Procaryotic microorganisms Group of organisms that lacks 
a true nucleus with a membrane and other membrane-bound 
organelles. Examples include bacteria.

Process challenge device5 Item designed to constitute a 
defined resistance to a sterilization process and used to assess 
performance of the process.

Process parameter5 Specified value for a process variable.

NOTE: The specification for a sterilization process includes the 
process parameters and their tolerances. 

Product family2 (Sterilization) group or subgroup of product 
that is characterized by similar attributes, such as mass, material, 
construction, set weight, shapes, lumens, and packaging system, 
and that presents a similar challenge to the sterilization process.

NOTE: In grouping products by construction, it is necessary to 
consider size and/or surface area, surface finish or texture, and 
the presence of any cannulations, lumens, or mated surfaces.

Product quality assurance (PQA) testing Quality assurance 
testing of routinely processed items representing a product family 
intended to verify that the process being used by a particular 
facility on a particular product family is working as specified.

Prospective validation Validation study conducted before the 
product is entered into routine production.

Protozoa Single-celled, usually microscopic, eukaryotic 
organisms. Examples include amoebae, ciliates, flagellates, and 
paramecia.

Quality audit4 Systematic, independent examination of a 
manufacturer’s quality system that is performed at defined 
intervals and at sufficient frequency to determine whether 
both quality system activities and the results of such activities 
comply with quality system procedures, that these procedures are 
implemented effectively, and that these procedures are suitable to 
achieve quality system objectives. 

Retrospection validation Validation study conducted on 
processes or products that are already in use or distribution. 
Retrospective validation is usually performed to identify the root 
cause of an identified problem or customer complaint.

Spirilla Bacteria having a spiral, twisted, or coiled shape. Spirilla 
can consist of long chains or be short and comma-like.

Spore log reduction (SLR) Log of the initial number of spores 
minus the log of the spores surviving the treatment.

Statistical process control (SPC) Monitoring of a process by 
using statistical methods to determine if a process is in or out of 
control.

Sterility assurance level (SAL)5 Probability of a single viable 
microorganism occurring on an item after sterilization.

NOTE: The term SAL takes a quantitative value, generally 10-6 
or 10-3. When applying this quantitative value to assurance of 
sterility, an SAL of 10-6 has a lower value but provides a greater 
assurance of sterility than an SAL of 10-3. 

Sterilization5 Validated process used to render a product free 
from viable microorganisms. 

NOTE: In a sterilization process, the nature of microbiological 
inactivation is exponential and thus the survival of a 
microorganism on any individual item can be expressed in terms 
of probability. While this probability can be reduced to a very 
low number, it can never be reduced to zero. See also sterility 
assurance level.

Terminal sterilization5 Process whereby product is sterilized 
within its sterile barrier system. Product with its packaging is 
subjected to a sterilization process that provides the pre-selected 
SAL.

Thermocouple Device used as a temperature sensor for 
measurement and, possibly, control of a process.

Validation5 Documented procedure for obtaining, recording 
and interpreting the results required to establish that a process 
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will consistently yield product complying with predetermined 
specification.

Validation master plan (VMP) Overall document that defines 
the approach to be used for validation, which specific processes 
and equipment need to be validated, the tests that need to be 
performed for each validation process, and the type of validation 
to be performed for each process or piece of equipment.

Validation protocol (VP) Documentation of the specific 
processes and criteria that need to be met for a product 
validation. The validation protocol provides the specific criteria 
that define each step of the validation process for a specific 
process, product, or type of equipment.

Variable data Data that are quantified and usually expressed as 
a range of acceptable limits.

Verification4 Confirmation by examination and provision 
of objective evidence that specified requirements have been 
fulfilled.

Viroid Infectious particle smaller than a virus. Viroids usually 
infect plants.

Virulence Capacity to cause a disease; quality of being extremely 
infectious.

Virus Submicroscopic parasite that often causes disease in the 
cell that it invades. Viruses cannot replicate without a host cell.

Z value8 Change in exposure temperature of a thermal 
sterilization process, which corresponds to a tenfold change in D 
value. 

Abbreviations

AER Automated endoscope reprocessor

AQL Acceptable quality level

ATP Adenosine triphosphate

BI Biological indicator

CDC Centers for Disease Control and Prevention

CFU Colony-forming unit

CI Chemical indicator

DHF Design history file

DMR Device master record

DOE Design of experiment

DQ Design qualification

EO Ethylene oxide

FAT Factory acceptance test

FDA U.S. Food and Drug Administration

HAI Healthcare-associated infection

IFU Instructions for use

IQ Installation qualification

LD Lethal dose

LOD Limit of detection

LOQ Limit of quantitation

LTD Lowest therapeutic dose

MACO Maximum allowable carry over

NCG Noncondensable gas

NPT National pipe thread

OOC Out of control

OOS Out of specification

OQ Operational qualification

OSHA Occupational Safety and Health Administration

PCD Process challenge device

PNSU Probability of a nonsterile unit

PQ Performance qualification

PQA Product quality assurance

RLU Relative light unit

RTD Resistance temperature detector

SAL Sterility assurance level 

SDS Safety data sheet

SLR Spore log reduction

SOP Standard operating procedure

SPC Statistical process control

SV Stated value

TSE Transmissible spongiform encephalopathy

URS User requirements specification

VMP Validation master plan

VP Validation protocol
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Chapter 3 The Science  
Of Sterilization

Introduction

This chapter is intended to provide a thorough understanding of the science behind the sterilization 
of medical devices. A basic review of microbiology is provided to ensure that the reader understands 
the basic concepts upon which the science of sterilization is based. This chapter describes the 
microorganisms of concern, microbial lethality, and the mode of action of the sterilization methods 
commonly used in industry and health care. For more information, a good book on healthcare 
microbiology, such as Microbiology for the Health Sciences,9 should be consulted.

Types of Microorganisms

Microorganisms are too small to be seen without a microscope. Not all microorganisms are harmful. 
However, all microorganisms that are present on a medical device that is to be used inside the body 
are “THE ENEMY.” It is useful for those working in the medical device sterilization field to picture 
the microorganisms that they are trying to kill so that they can better understand that the principles 
upon which microbial control is based cannot be compromised and must be rigorously adhered to. 
Microorganisms can be divided into procaryotes, eucaryotes, and acellular organisms. Procaryotes 
are simple cells that do not include a nucleus, complex membrane systems, or organelles 
(specialized cellular subunits with specific functions). Eucaryotes are more complex cells that have a 
true membrane and membranous organelles. Acellular organisms do not have any cellular structure 
at all. 

Bacteria

Bacteria are the most well-known of the procaryotes. These microorganisms are responsible for 
many of the infectious diseases that we know. Bacteria come in two forms: vegetative cells and 
spores. Vegetative cells are capable of actively growing and reproducing; they are easily killed by 
most disinfection methods and by sterilization. Some bacteria can enter into a spore state that 
provides extra protection, making the bacteria much more difficult to kill. 

Bacteria can be classified in many ways, including cell shape, nutritional requirements, biochemical 
and physiologic characteristics, staining reactions, atmospheric requirements, pathogenicity, and 
genetic composition.
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Cell Shape

Bacteria come in three basic shapes: cocci (sphere-shaped), 
bacilli (rod-like), and spirilla (spiral-shaped). The name of a 
bacterium sometimes indicates its shape. If bacillus appears in the 
name, then it is known that the shape is rod-like. For example, 
Geobacillus stearothermophilus, the bacteria used for testing many 
sterilization processes, are rod-like bacteria that in the spore state 
are very difficult to kill. Methicillin-resistant Staphylococcus aureus 
(MRSA) is a sphere-shaped microorganism responsible for severe 
skin infections, among other conditions.

Nutritional Requirements

Bacteria differ in their nutritional requirements. All organisms 
require essential nutrients for survival. These essential nutrients 
are provided in the form of food that the organisms take in. 
Nutrients serve as a source of energy and of the basic elements 
needed for life: carbon, nitrogen, hydrogen, and oxygen.

Differences in nutritional requirements can help in the 
identification of microorganisms. For example, S. aureus, the 
most prevalent pathogen that affects humans, can be grown in 
a medium that has a high concentration of salt, mannitol, and a 
pH indicator dye. Most bacteria will not tolerate high-salt growth 
media. Staphylococcus epidermis tolerates a high concentration of 
salt but cannot ferment mannitol, whereas S. aureus can; when 
S. aureus ferments mannitol, it produces an acid that reacts with 
the pH indicator. Thus, bacterial growth in a high-salt growth 
medium indicates that Staphylococcus is present, but the response 
to the mannitol and the pH indicator differentiates between the 
two types of Staphylococcus organisms.

Biochemical and Physiological Characteristics

Bacteria can be identified by the temperature at which they 
will grow and thrive. Psychrophiles, the cold-loving bacteria, 
like temperatures in the range of –10°C to 20°C (14°F to 68°F). 
Mesophiles prefer a temperate climate, with temperatures 
between 20°C (68°F) and 45°C (113°F). Thermophiles thrive 
in a hot climate, with temperatures between 45°C (113°F) and 
75°C (167°F). Some hyperthermophiles are known to grow at 
temperatures of up to 122°C (252°F).10 Bacteria are known to 
survive at higher and lower extremes of temperature, especially 
when in the spore state.

Most bacteria will not grow in an acid environment. They usually 
prefer a near-neutral pH of 7.1 to 7.4. Moisture and relative 
humidity can affect growth. If an environment is too dry, many 
bacteria will die; others can survive dry conditions for extended 
periods. Sunlight can be lethal to vegetative forms of pathogenic 
organisms. As bacteria grow, they excrete many products, some 

of which are enzymes that break down various potential food 
sources. Other excretions might be microbial toxins, which can 
cause disease in a host if the toxins are ingested. Bacteria can 
be either motile or non-motile. Cocci are generally non-motile, 
whereas most spirilla are motile and many bacilli are motile with 
the use of flagellae. 

Staining Reactions

A number of different stains are used in the microbiology 
laboratory to identify or differentiate bacteria. The most common 
is the Gram stain. At the end of the procedure, the cells will either 
be blue-to-purple or pink-to-red. Blue-to-purple cells are said to be 
“Gram-positive,” whereas pink-to-red cells are said to be “Gram-
negative.” Some cells can be Gram-variable (not consistently one 
color or the other). Members of the Mycobacterium family are 
Gram-variable. M. tuberculosis, the bacterium responsible for 
tuberculosis, is included in this group. 

Atmospheric Requirements

Bacteria can be classified on the basis of their need for and how 
they utilize oxygen. Bacteria can be either aerobic (requiring 
oxygen to live) or anaerobic (not requiring oxygen to live). Aerobic 
bacteria are further classified as either obligate aerobes or 
microaerophilic aerobes. Obligate aerobes need free oxygen at 20% 
to 21% in the atmosphere to live (about the same as that found 
in normal room oxygen). Microaerophilic aerobes also require free 
oxygen but in lower quantities than the obligate aerobes; some 
organisms prefer an atmosphere of only about 5% oxygen to 
thrive.

Anaerobes do not require free oxygen, and growth will be 
inhibited by free oxygen in the atmosphere. The various terms 
for anaerobic bacteria describe the degree of tolerance that the 
organism has to the presence of oxygen. Facultative anaerobes can 
live and thrive with or without free oxygen; many disease-causing 
organisms are facultative anaerobes (e.g., E. coli). Aerotolerant 
anaerobes can survive in the presence of oxygen, but they will only 
thrive in the absence of oxygen. Obligate anaerobes can only grow 
in the absence of free oxygen; they will die in the presence of 
oxygen in the atmosphere. 

Pathogenicity

Pathogenic organisms are capable of causing disease in other 
organisms. Under the right circumstances, almost any bacteria 
can become pathogenic. Some bacteria can be both beneficial 
and pathogenic, depending on the circumstances. For example, 
E. coli is a common bacteria found in the colon. In this location, 
it performs a valuable function and aids in the breakdown and 
digestion of food. Outside of the colon, however, it can become an 
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opportunistic pathogen and is responsible for many cases of food 
poisoning. It is also a common cause of septicemia and urinary 
tract infections. 

Genetic Composition

In the modern microbiology laboratory, bacteria are frequently 
identified by their genetic composition. Specific strains of bacteria 
can be identified, which aids in determining whether an outbreak 
is caused by the same strain as a previous outbreak or is a new 
or different strain. Determining the cause of an outbreak enables 
health care professionals to decide on the steps that can be taken 
to fight the disease.

Eucaryotic Microorganisms

More complex organisms that contain a true nucleus and 
organelles are known as eucaryotes. In the microscopic world, 
eucaryotes include protozoa, fungi, and algae. Protozoa and algae 
are not discussed here because they are not found on medical 
devices and, therefore, are not a concern in device sterilization.

Fungi are plant-like organisms that have no chlorophyll. There are 
single- and multi-celled varieties. Not all fungi are microscopic; 
mushrooms, for example, are a type of fungi. Some fungi are 
saprophytes; that is, they obtain their nutrients by decomposing 
dead and decaying organic matter. Many fungi are useful. They 
are involved in the production of most kinds of antibiotics. Yeast 
is used to make bread dough rise, and molds are used to flavor 
many types of cheese. Other types of fungi are troublesome. 
Superficial fungi attach to skin, hair, nails, and mucosal surfaces 
and can cause a variety of surface mycoses (e.g., athlete’s foot). 
Other fungi cause subcutaneous and systemic mycoses, which 
can be more severe infections. 

Acellular Infectious Agents

Acellular infectious agents include viruses, viroids, and prions, 
which are not considered living cells. They need components of 
a living cell in order to multiply. These agents lack most of the 
characteristics of cells. 

Viruses

Viruses are 1,000 times smaller than bacteria. Because they are 
incomplete cells, viruses cannot be grown on artificial media; they 
can only be grown in cell cultures. They have no mechanisms 
for movement and must rely on outside forces to move them. 
Viruses can only multiply within living cells, but they can survive 
away from a host cell for many hours, or even days, if in organic 
material. 

Viruses usually attack a specific part of the host’s body. Infection 
by a virus might produce a lasting immunity against re-infection. 
This characteristic is the basis for vaccinations, which involve 
inoculating a person with antibodies or a mild form of the virus. 
Common viral diseases include colds, mumps, polio, shingles, 
cold sores, warts, acquired immunodeficiency syndrome (AIDS), 
and hepatitis. Antibiotics are not effective against viruses, 
but there are some anti-viral agents available, which work by 
interfering with virus production within the host cell. 

Viroids

Viroids are infectious ribonucleic acid (RNA) particles that 
resemble a virus, but are smaller. These agents cause diseases in 
plants, but at this time none are known to produce disease in any 
animal.

Prions

Prions are mutant forms of normal proteins that, unlike 
viruses, contain no nucleic acid and do not trigger an immune 
response. Prion proteins accumulate in the brain and, over 
time, kill brain cells, leaving spaces where nerve cells used to 
be. Prions are extremely resistant to the usual disinfection and 
sterilization methods employed in health care. Prion diseases 
known as transmissible spongiform encephalopathies (TSEs) 
are fatal. There is no proven treatment available. Patients at risk 
of acquiring a prion disease include recipients of dura mater 
transplants, pituitary hormones derived from human cadavers, 
and cornea transplants. Persons who have neurosurgery and 
members of families with a history of inherited TSE are also at 
risk. 

Prion diseases can be spread by iatrogenic transmission, by 
treatment for something else, or by ingestion of infectious 
material; and some individuals have a hereditary predisposition 
to acquire the disease. Sporadic transmission is very rare. 
Isolation of patients suspected of having a prion disease is 
not necessary. No special precautions are required for non-
invasive items used on a patient. Invasive items used in areas 
of high infectivity require special decontamination procedures. 
Single-use invasive devices are recommended; they should be 
incinerated after use. For the processing of reusable devices 
exposed to prions, the World Health Organization recommends 
the following11: “If material has been contaminated with prions 
or contamination is suspected the preferred method is steam 
sterilization for at least 30 minutes at a temperature of 132°C 
[270°F] in a gravity displacement sterilizer. If a prevacuum 
sterilizer is used, 18 minutes at 134°C [273°F] has been found to 
be effective. Semicritical and non-critical items may be immersed 
in 1N sodium hydroxide, a caustic solution, for 1 hour at room 
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temperature and then steam sterilized for 30 minutes at a 
temperature of 121°C [250°F].” At this time, ethylene oxide and 
hydrogen peroxide sterilization methods have not been FDA 
cleared for use in processing devices contaminated by prions.

Microbial Growth

Various factors influence the rate at which microorganisms will 
grow. In the presence of certain adverse conditions, bacteria 
might not be able to grow at all. In order to inhibit or encourage 
the growth of microorganisms, it is necessary to understand 
microbial needs. 

Nutrients and water are necessary for all life to grow. Different 
types of microorganisms require different nutrients to survive 
and without moisture microorganisms will either die or enter 
a protective state (e.g., by forming bacterial spores). The 
temperature must be within a range that the microorganism 
finds suitable. The pH of the environment is also important. 
Most microorganisms prefer a neutral to slightly alkaline 
environment, but some do prefer acid or alkaline environments. 
Osmotic pressure can cause a cell to take on or to lose fluid. 
In situations with extreme differences in solution inside and 
outside the cell, the cell can become desiccated or can lyse, 
which can kill the cell. 

Microorganisms can reproduce by sexual or asexual means. 
Bacteria reproduce asexually by a process called binary fission, 
in which one cell splits into two cells that are identical to each 
other. Eucaryotes reproduce by either sexual or asexual methods. 
Fungi reproduce in a variety of ways: spores, fruiting bodies, 
and binary fission. 

Under ideal conditions, microbial cells can grow at very rapid 
rates. The time that it takes for a cell to reproduce (generation 
time) varies among species, from as little as 10 minutes to 
24 hours or more. Bacteria that can reproduce once every 20 
minutes will produce over 2 million cells in just 7 hours (see 
Table 1).

Table 1  Exponential Growth of Unicellular Organisms

 
Time (min)

Number of 
divisions

Total number of 
microorganisms

0 0 1

20 1 2

40 2 4

60 3 8

80 4 16

100 5 32

120 6 64

140 7 128

160 8 256

180 9 512

200 10 1024

220 11 2048

240 12 4096

260 13 8192

280 14 16384

300 15 32768

320 16 65536

340 17 131072

360 18 262144

380 19 524288

400 20 1048576

420 21 2097152
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Bioburden

Bioburden is the total number of viable microorganisms present 
on a device. The effectiveness of disinfection and sterilization 
procedures depends on the removal of bioburden. If the 
bioburden present on a device is too high, then the disinfection 
or sterilization process will not be effective. Cleaning processes 
are designed to remove visible soil and bioburden. Disinfection 
and sterilization processes are designed to inhibit or kill the 
microorganisms remaining on a device. If a sufficient number 
of microorganisms are not removed during the cleaning process, 
then the disinfection or sterilization process will fail. Disinfection 
and sterilization processes are capable of inhibiting or killing a 
specific number of microorganisms per unit of time. See Figure 1.

In the hypothetical situation shown in Figure 1, it can be seen 
that before the device is cleaned (data on line with circles), the 
amount of bioburden present requires a 12-minute exposure 
to the sterilizing agent. After acceptable cleaning (data on line 
with triangles), the bioburden has been reduced to the point 
that an exposure time of only 2 minutes is needed to sterilize 
the device. A 4-minute exposure time is sufficient to sterilize the 
well-cleaned device, but not the device that has been inadequately 
cleaned (data on line with squares), because in the latter case the 
bioburden is too high for the specified sterilization process to be 

effective. In addition, it might not be possible to sterilize devices 
with gross soil or debris remaining on them after cleaning, even 
if the bioburden is low enough for the sterilization process to 
be effective, because the gross soil or debris might prevent the 
sterilant from reaching the surface of the item being sterilized.

Microbial Resistance

Microorganisms vary in their ability to resist destruction by 
physical or chemical means. Vegetative bacteria are generally 
considered the least resistant to destruction and bacterial spores 
the most resistant to destruction. Cellular structures such as 
the slime layer in mycobacteria provide some protection to 
the cell. Bacterial spores are resistant to extremely high or low 
temperatures, extremely low humidity, and most chemicals; 
only sterilization processes are effective in destroying spores. 
Vegetative bacteria, viruses, fungi, and mycobacteria can usually 
be destroyed by chemical or physical disinfection methods. 
Depending on the resistance characteristics of the particular 
organism, certain chemicals will be more or less effective. For 
example, enterococci are less sensitive than staphylococci to many 
disinfectants. Built-in resistance is found in bacterial spores, 
mycobacteria, and gram-negative bacteria.

figure 1  Comparison of Bioburden to Exposure Time
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Microbial Lethality

General Considerations

Microbial death can be accomplished through a number of 
physical or chemical means. The most common physical 
sterilization methods are moist heat, dry heat, and radiation. 
The most common chemical agents are ethylene oxide, 
hydrogen peroxide, ozone, and peracetic acid. Irrespective of 
the sterilization method, microbial death follows a logarithmic 
function of time of exposure to or dose of the sterilant. A 
logarithm is the factor by which a fixed number, the base, must 
be raised to produce that number. For example, the logarithm 
of 10,000 to base 10 is 4, i.e., 10 × 10 × 10 × 10 (in other words, the 
number of times that the base needs to be multiplied by itself to 
produce the number). A logarithmic function follows a straight 
line. Microbial death or sterility assurance uses a logarithmic 
base of 10. This means that application of a process for x number 
of minutes will produce a one-log reduction in the number of 
microorganisms present. A one-log reduction of a microbial 
population in base 10 amounts to a 90% reduction of the 
population. 

Sterility Assurance Level

Sterility assurance level (SAL) is a microbiological term used 
to describe the “probability of a single viable microorganism 
occurring on an item after sterilization. The term SAL takes 
a quantitative value, generally 10-6 or 10-3. When applying this 
quantitative value to assurance of sterility, a SAL of 10-6 has a 
lower value but provides a greater assurance of sterility than a 
SAL of 10-3.”5 The probability of a nonsterile unit (PNSU) is the 
probability that viable microorganisms are present on a product 
after sterilization; this could be one or many microorganisms. A 
sterilization process with a SAL of 10-6 (the most common SAL 
used for the sterilization of invasive medical devices) means 
that there is a probability that one in a million of the products 
subjected to that process will not be sterile after completion of 
the sterilization process. 

A SAL that is lower than 10-3 cannot be directly measured 
because of the potential for contamination during testing and 
because multiples of 1 million products would be required for 
testing, which is not practical. Instead, calculations of SAL 
are based on validated sterilization processes. It is impossible 
to prove that all microorganisms have been destroyed by a 
given sterilization process. As described earlier, different types 
of microorganisms require different conditions for optimal 
reproduction. It could be that the microorganisms present 

simply have not been given the conditions needed for them to 
thrive and reproduce. Some organisms will remain in a spore 
state to protect them from a hostile environment, such as the 
environment during a sterilization process. Also, sterility testing 
of a particular device results in a device that cannot be used for 
its intended purpose. Moreover, it is possible that the particular 
product tested was indeed sterile but that the product next to it, 
which was not tested, was not sterile. It is impossible to test all 
sterilized devices to ensure that they are sterile. If the bioburden 
present on the devices was higher than the sterilization process 
is intended to kill, then the devices might still be contaminated 
at the end of the sterilization process. This is why cleaning and 
decontamination are so important to the sterilization process. 
Whether a device is intended for single use or is reusable, the 
bioburden present on the device prior to the sterilization process 
must be reduced to a level that the sterilization process is capable 
of killing within the parameters specified for that sterilization 
process. 

Table 2  Sterility Assurance Level/Spore Log Reduction

 
Number of 

microorganisms

Log of 
microbial 

population

Spore log reduction 
from original 
population

1,000,000 106 0

100,000 105 1

10,000 104 2

1,000 103 3

100 102 4

10 101 5

1 100 6

0.1 10-1 7

0.01 10-2 8

0.001 10-3 9

0.0001 10-4 10

0.00001 10-5 11

0.000001 10-6 12
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Spore Log Reduction

A spore log reduction (SLR) of 12 is needed to reduce a population 
of 1 million organisms to a SAL of 10-6, which is the “gold 
standard.” A microbial population of 1 million bacteria reduced 
to 100,000 bacteria would be reduced by 1 log or 90%. A 6 SLR 
is needed to reduce 1 million bacteria to one. To then reduce the 
microbial population to a 10-6 SAL requires an additional 6-log 
reduction or a 12 SLR. See Table 2.

Lethality Values

In microbiology, the time needed for a particular processing 
condition to reduce a microbial population by 90% or 1 log is 
known as the decimal reduction value (D value). Biological 
indicators (BIs) containing spores resistant to a particular 
sterilization process are used to test that process. For example, 
Geobacillus stearothermophilus is used to test the steam 
sterilization process because this organism is a heat-loving 
and resistant bacterium. (As noted previously, thermophiles 
prefer hot temperatures.) The D value can be used to measure 
a sterilant’s efficiency at reducing the population of the specific 
microorganisms present on a biological indicator. Typically, the 
sterilization condition being measured is given as a subscript 
when noting the D value for a particular organism; for example, 

a D270F (132C) of 20 seconds means that an exposure time of 
20 seconds at this temperature yields one SLR. Each lot of a 
biological indicator is usually given a distinctive D value. The 
D value of Geobacillus stearothermophilus is about 2 minutes at 
121°C (250°F) and about 20 seconds at 132°C (270°F). Therefore, 
after exposure to moist heat at 132°C (270°F) for 2 minutes, it 
is possible that one organism of Geobacillus stearothermophilus 
out of one million organisms on a biological indicator could 
still be alive. These recommendations are minimum acceptable 
parameters. Depending on factors outside the manufacturer’s 
control (e.g., packaging, loading configuration, adequacy of 
cleaning), these parameters might not be adequate to achieve 
sterilization. See Figure 2.

“The z value is defined as the number of degrees temperature 
change to change the D value by a factor of ten (10) or one log 
unit.”12 The z value relates to the resistance of a microorganism to 
heat at a particular temperature. A typical z value for Geobacillus 
stearothermophilus is about 10°C (18°F). At a temperature of 
121°C (250°F), for Geobacillus stearothermophilus with a z value of 
10°C (18°F) and a D value of 1.25 minutes, it will take 15 minutes 
to achieve a 12 SLR (a SAL of 10-6). For the same organism with 
the same z value at a temperature of 132°C (270°F), the D value 
is 20 seconds and a 4-minute exposure time will be needed to 
achieve a 12 SLR (a SAL of 10-6).

figure 2  Microbial Lethality Measures

	 Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification	  13© AAMI

Full document details: Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification

http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification
http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification


Terminal Sterilization

In terminal sterilization, the medical device in its sterilization 
package is exposed to a sterilization process that will result in 
the predetermined SAL. Terminally sterilized devices can be 
placed in storage for later distribution and use. Manufacturers 
of reusable medical devices need to be familiar with the specific 
sterilization cycles that their customers’ sterilizers have been 
cleared to use. Although it is possible to develop and validate 
sterilization cycles specific to individual reusable medical devices, 
it is preferable to design devices that can be sterilized in the 
standard cycles in use by a manufacturer’s customers. These 
standard cycles vary in different parts of the world. In the United 
States, the FDA has cleared sterilizers for use in health care with 
specific cycles that have been validated. To the extent possible, 
manufacturers of reusable products to be sold in the United 
States should design devices that can be sterilized in these cleared 
cycles. Manufacturers of single-use medical devices can develop 
sterilization cycles that are specific to their particular products, 
volumes, and loading configurations. 

Microbial Control

Fundamentals of Microbial Control

As previously discussed, microbial growth is influenced by many 
factors. With an understanding of the conditions necessary 
for microbial growth, the conditions detrimental to microbial 
growth, and the conditions needed to destroy microorganisms, 
it is possible to control microorganisms and disinfect or sterilize 
contaminated items.

There are three categories of infection risk for medical devices. 
Critical devices are introduced directly into the blood stream 
or other sterile areas of the body; sterility at the time of use is 
required. Semicritical items come in contact with intact mucous 
membranes but do not penetrate body surfaces; sterilization 
is desirable and high-level disinfection is required. Noncritical 
items have direct contact only with intact skin; medium-level 
disinfection is recommended for these items. Nonmedical devices 
and environmental surfaces that will come into contact with intact 
skin should receive low-level disinfection.13

Processing medical devices for patient uses involves cleaning and 
disinfection or sterilization.

Cleaning

The first step in controlling microorganisms and preventing the 
spread of infection is to clean the contaminated device prior to 
disinfection or sterilization. Cleaning is the removal of all visible 

dust, soil, and any other foreign material. It is the most important 
step in the decontamination, disinfection, and sterilization 
process. Whether the device is reusable or for single use, it is 
impossible to disinfect or sterilize it unless it has first been 
cleaned. Visible soil can prevent the sterilant from contacting all 
surfaces of the device being sterilized; and if bioburden is not 
reduced to acceptable levels, the sterilization process might not 
work. The purpose of cleaning is to remove all visible debris and 
to reduce the number of particulates and microorganisms to 
levels acceptable for effective disinfection or sterilization.

Reusable devices need to be cleaned as soon as possible after 
contamination has occurred in order to reduce the following:

•	 The number of microorganisms present on the device

•	 The nutrient material that might support microbial growth

•	 The potential for environmental contamination

Prompt cleaning will also minimize damage to devices (e.g., 
prolonged contact with blood will corrode many metals). In 
addition, if gross debris is allowed to remain on a device for an 
extended period, the device will become much more difficult to 
clean—in some cases, even impossible to clean. 

Before cleaning a device, it is first necessary to determine 
the type of cleaning agent that will be used. The appropriate 
cleaning agent depends on the type of soil that is expected to be 
encountered and on the material that the device is made of. An 
ideal cleaning agent would have the following characteristics:

•	 Nonabrasiveness

•	 Low-foaming and free-rinsing properties

•	 No toxicity

•	 Biodegradability

•	 Cost-effectiveness

•	 Rapid soil dispersion

•	 Effectiveness on all types of soil

•	 Long shelf life and use life

•	 A mechanism for monitoring effective concentration and 
use life (a detergent with such a mechanism is not currently 
available)

Cleaning can be performed by manual or mechanical methods; 
which method is used will be determined by the device that is 
being cleaned. For example, some devices cannot be immersed 
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in fluids and so might need to be manually cleaned. When 
possible, device manufacturers should design devices that can 
be immersed and cleaned by mechanical methods because of 
the greater cleaning efficiency. If mechanical cleaning methods 
are used, it is necessary to determine which type of mechanical 
process or machine is appropriate for the device being cleaned. 
Special machines or mechanical processes might be needed 
to clean specific features (e.g., lumens, cannulas). In general, 
mechanical methods are preferred to manual methods because 
the more precise control associated with mechanical methods 
enables them to be validated.

Disinfection

General Considerations

Disinfection is the destruction of nearly all microorganisms 
on an inanimate surface. Three levels of disinfection can be 
employed: low, intermediate, and high. The level of disinfection 
used depends on the type of microorganism to be destroyed and 
the level of contact that the device will have with the patient. 
Low- to intermediate-level disinfection is used to disinfect work 
surfaces, patient care equipment, and items that will come into 
contact with intact skin only. High-level disinfection is used for 
medical devices that will come into contact with intact mucous 
membranes but will not contact any sterile areas of the body or 
come into contact with blood through nonintact skin or mucous 
membranes. Devices that come into contact with the sterile areas 
of the body or with nonintact skin or mucous membranes should 
be sterile because even high-level disinfection will not destroy 
bacterial spores. 

Disinfection can be accomplished by either physical or chemical 
means. The primary physical disinfection method used for 
medical devices is moist heat. Chemical disinfection can be 
accomplished by a variety of chemicals, which can provide low-  
to high-level disinfection depending on the concentration of the 
chemical and the exposure time. 

Physical Disinfection

Vegetative forms of bacteria are easily killed by boiling in water 
for 30 minutes; however, spores, thermophiles, and some viruses 
will survive this process. Pasteurization is the process of heating 
a substance, typically food, for a specified period of time and 
then cooling it immediately. This process is also used for the 
disinfection of some medical devices, primarily devices used in 
anesthesia or respiratory therapy. Today many of these devices 
are single-use devices. Pasteurization is intended to reduce the 
number of viable pathogens present on a device, so this process 
(when used for terminal reprocessing) is only acceptable for 

devices that will come into contact with intact skin or mucous 
membranes but will not contact normally sterile areas of the body. 

Chemical Disinfection

Chemical disinfectants include quaternary ammonium 
compounds, phenols, alcohols, halogens, glutaraldehyde, ortho-
phthalaldehyde, hydrogen peroxide, and peracetic acid. Many 
medical devices are disinfected after cleaning, either as a terminal 
processing step or to make the devices safe for handling before 
sterilization. Care needs to be taken in the selection of chemical 
disinfectants. Some chemicals will damage certain materials (e.g., 
alcohol can dry out some plastic materials and cause the plastic to 
crack or craze, especially with repeated exposure). 

Quaternary ammonium compounds are low-level disinfectants 
used primarily for environmental sanitation of walls and floors. 
Phenols are also primarily used for environmental sanitation; they 
should not be used in food preparation areas, nurseries, or the 
operating room. Alcohols are intermediate-level disinfectants that, 
because of their strong drying effect, can damage some materials, 
especially if used repeatedly. Alcohols are most effective at a 70% 
dilution; stronger dilutions evaporate too rapidly to be effective. 

Halogens are primarily used as antiseptics because they are 
corrosive to metal and might damage rubber and some plastics. 
Chlorine-based halogen compounds can be used for cleaning 
up blood spills, although large amounts are needed because 
organic material inactivates the chlorine. These compounds can 
also be used to clean environmental surfaces and in hospital 
laundry. They are usually considered disinfectants, but in some 
combinations and strengths they can be effective sterilants. 

Glutaraldehyde can be used as either a disinfectant or sterilant. 
However, its use as a sterilant is limited because there is no way 
to effectively maintain the sterility of a device after it has been 
soaked in glutaraldehyde. A relatively short exposure time (10 to 
45 minutes) is needed for disinfection, whereas sterilization takes 
several hours. Ortho-phthalaldehyde is a high-level disinfectant 
used to disinfect endoscopes and other heat-sensitive devices. 
Unlike glutaraldehyde, ortho-phthalaldehyde is not classified as a 
sterilant; it can only be used for high-level disinfection. 

Hydrogen peroxide is used as a sterilant for heat-sensitive medical 
devices and as a room disinfectant. Peracetic acid can be used 
either as a disinfectant or a sterilant. A relatively short exposure 
time (5 to 7 minutes) is needed for disinfection.

Chemical disinfectants should not be mixed with other chemicals 
unless specified by the disinfectant manufacturer. For chemical 
disinfectants to be most effective they should be mixed with 
purified water (e.g., reverse osmosis, distilled, or deionized 
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water). The manufacturer’s instructions for use (IFU) and safety 
data sheet (SDS) should be consulted for specific information. 
Water impurities can have an impact on the effectiveness of many 
chemicals; water hardness is the most problematic. Hard water 
contains large amounts of calcium and magnesium, whereas 
soft water has few or no extra elements. The minerals in hard 
water prevent the water from interacting with soap or detergent, 
resulting in the need for higher concentrations of most chemicals 
for the chemical to be effective. 

Other impurities can also have an impact on the effectiveness of 
water in acting as a solvent. Bicarbonates (sodium, calcium, or 
magnesium), chlorides, sulfates, and silica can cause formation 
of scale. Oxygen, carbon dioxide, chlorides, and sulfates can 
cause corrosion. An unusually high water pH (above 8.5) or an 
unusually low water pH (below 5) can alter chemical efficiency 
by allowing corrosion and soil deposition to occur. Directions 
for mixing need to be closely followed because small changes 
in dilution can cause big changes in the effectiveness of 
some chemical disinfectants. As with all chemicals, chemical 
disinfectants should only be used in well-ventilated areas. Organic 
residue left after cleaning can minimize the effectiveness of a 
disinfectant by diluting or inactivating the disinfectant and by 
preventing contact with all surfaces to be disinfected. Excessive 
moisture can dilute disinfectants. 

Sterilization

General Considerations

Sterilization is a process that, when applied correctly, kills all 
forms of microbial life on or within the device, material, or 
liquid to which it is applied. It is achieved by applying the proper 
combination of parameters for the particular sterilization process 
being used. Parameters include temperature, time, chemical 
concentration, humidity, and irradiation dose, depending on the 
sterilization process being used. 

Proving sterility is very difficult. For this reason, sterilization 
processes are designed to provide a very high probability that all 
microorganisms were killed (i.e., a SAL of 10-6). Three factors are 
essential to the effectiveness of a sterilization process:

•	 Conditions lethal to microorganisms must be present.

•	 The bioburden present on the devices being sterilized must be 
low enough to ensure effectiveness of the process.

•	 Adequate contact of the sterilant with all surfaces of the devices 
being sterilized must occur for sufficient time. 

If any of these conditions is not satisfied, sterilization will not 
occur. 

The presence of lethal conditions involves ensuring that the 
sterilization parameters occur as programmed for a given 
sterilization process. If all parameters are not met, then the 
devices processed in that load cannot be considered sterile. 
Sterilizers provide a printed report of the cycle, which should be 
checked to ensure that all sterilization parameters were met. If 
not, the items in the load should not be released for distribution 
and use. 

A number of factors can influence whether a sterilant will be able 
to contact all surfaces of the item being sterilized. The design of 
the device might necessitate careful positioning of the device in 
the sterilizer. For example, if a device with a concave surface is 
placed in a downward position, an air pocket could form, which 
could prevent the sterilant from contacting the surface. If the 
opening of the device faces upward, steam condensate could fill 
the concavity; the condensate will be difficult to drain and a wet 
pack might be the result. Factors affecting the ability of a sterilant 
to contact device surfaces are discussed in more detail later in this 
chapter.

The density of an item affects the amount of time needed for a 
sterilant to penetrate the item. If an item is extremely dense, it 
might not be possible for the sterilant to penetrate to all surfaces 
in the time that is allotted for sterilant penetration and exposure 
to occur. This situation could necessitate an extended sterilization 
exposure time or adjustments to other sterilization parameters. 

Sterilization processes used in health care facilities include moist 
heat sterilization and low-temperature sterilization processes 
(ethylene oxide, ozone, hydrogen peroxide, and liquid chemicals).

Moist Heat Sterilization

Moist heat sterilization is frequently thought of as steam 
sterilization, but moist heat sterilization can also be achieved with 
liquid water. Moist heat sterilization is defined as “thermal energy 
in the presence of moisture provided as steam or liquid water for 
the purpose of achieving microbial lethality.”6 This book will deal 
primarily with moist heat sterilization using saturated steam. 

The parameters used in moist heat sterilization are time, 
temperature, and moisture. After an effective moist heat 
sterilization process with an exposure time of 2 minutes at a 
temperature of 132°C (270°F), it is possible that one organism 
of Geobacillus stearothermophilus out of one million organisms 
on a biological indicator could still be alive. Manufacturer-
recommended cycles are usually based upon half-cycle 
development. These recommendations are minimum acceptable 
parameters. Depending on factors outside the manufacturer’s 
control (e.g., packaging, loading configuration), these parameters 
might not be adequate to achieve sterilization. The company or 
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healthcare facility that reprocesses reusable devices needs to verify 
that the manufacturer’s recommendations work in that facility. 
Medical device manufacturers that reprocess devices will need to 
validate their sterilization processes, and it might be necessary 
for the healthcare facility to do so as well. Sterilization process 
validation is discussed in detail in Chapter 7.

Saturated steam transmits thermal energy to a device being 
sterilized until the device reaches the temperature of the steam, 
a process that normally takes only a few minutes. Moist heat 
sterilizers are fitted with one or more temperature gauges, 
depending on the size of the sterilization chamber, to measure 
the temperature of the steam at the “cold spots” in the chamber. 
Typically, if only one temperature gauge is used, it will be placed 
in the drain of the sterilizer because the drain is usually the last 
place that will heat to the sterilizing temperature. In automated 
sterilization processes, the sterilizer will automatically start 
timing the exposure phase when the sterilization temperature is 
reached in the “cold spot.”

For saturated steam sterilization to work there must be adequate 
moisture in the steam. Steam quality is measured by a dryness 
fraction commonly referred to as steam quality. High-quality 
steam contains very little moisture in the form of water droplets, 
whereas low-quality steam has a high percentage of water 
droplets. High-quality steam having a dryness fraction of at 
least 95% (5% moisture) is recommended for sterilization of 
loads containing metals.14 Dry steam, steam with lots of air or 
noncondensable gases, or wet steam does not transfer energy 
well, with the result that the devices being processed might not 
reach sterilization temperature or that sufficient energy to kill the 
bioburden might not be delivered to the load. 

Relative humidity is the amount of water vapor present in air and 
is commonly expressed as the percentage of water vapor present 
compared to the amount of water vapor that the air could hold 
at a particular temperature. The higher the temperature, the 
more water vapor the air will hold. If the air then cools, the water 
vapor will condense. This is similar to what happens in saturated 
steam sterilization. The saturated steam contacts the cooler 
surface of the device being sterilized. The steam condenses and 
releases thermal energy, which results in sterilization. Steam will 
continue to condense until the temperature of the device reaches 
the temperature of the steam. Saturated steam exerts a constant 
pressure at a given temperature.

Provided that air, noncondensable gas, or superheated steam 
is not present, temperature and pressure will vary in direct 
proportion to each other. If pressure increases, temperature also 
increases; if pressure decreases, temperature decreases. If the 
pressure is higher than the corresponding temperature, the steam 
contains air. If the pressure is lower than the corresponding 

temperature, the steam will be superheated. Either condition 
can cause problems with sterilization. Steam containing air can 
prevent the steam from reaching all surfaces of the devices being 
processed, which will result in sterilization failure. Superheated 
steam is too dry, necessitating higher temperatures and longer 
exposure times for sterilization to occur. 

As noted earlier, there must be adequate contact of the saturated 
steam with all surfaces of the item being processed in order for 
sterilization to occur. A number of factors can affect the ability of 
the steam to contact all device surfaces:

•	 Inadequate cleaning will prevent contact of the steam with the 
surface of the device. Soil can also provide a protective cover to 
the microorganisms present. 

•	 Wrapping devices made of flexible materials (e.g., surgical 
textiles) too tightly can cause air pockets, which might interfere 
with sterilant contact, or prevent the sterilant from penetrating 
to the interior of packages in the prescribed sterilization time. 

•	 Crowding packages on a sterilizer cart can cause similar 
problems to wrapping a package too lightly because the density 
of the packages could be altered.

•	 Incorrect positioning of items on the sterilizer cart can create 
air pockets in devices that have concave or convex surfaces.

•	 Air leaks from the sterilizer or inadequate air removal from the 
sterilizer, which can be caused by a malfunctioning vacuum 
pump or a clogged strainer or drain, can also cause air pockets.

Low-Temperature Sterilization

Many reusable medical devices cannot withstand the moisture 
and high temperatures associated with saturated steam 
sterilization processes. A variety of low-temperature chemical 
sterilization processes have been developed for the sterilization 
of these products. Two types of chemical sterilization processes 
are available: those that use gaseous chemicals, such as ethylene 
oxide (EO), ozone, and hydrogen peroxide; and those that use 
liquid chemicals, such as glutaraldehyde and peracetic acid. 

Ethylene Oxide. Ethylene oxide is one of the most widely 
used industrial chemicals. It is vital to the production of many 
products, including detergents, solvents, many plastics, and 
various chemicals, such as antifreeze (ethylene glycol). As 
a chemical precursor in these products, EO is not usually 
considered dangerous, but, by itself, it has potentially severe 
acute and chronic exposure effects. Chronic effects of exposure to 
EO include carcinogenicity, birth defects, fertility problems, and 
neuropathy. Acute effects of exposure include nausea, dizziness, 
difficulty breathing, skin and mucous membrane irritation, and 
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headache. Ethylene oxide use must be closely controlled through 
implementation of engineering controls and employee protection 
measures. Monitoring ambient gas concentration levels is needed 
to ensure that exposure levels remain below acceptable limits. 
Facilities that use EO must comply with OSHA regulations on 
exposure to ethylene oxide.15 

The parameters of EO sterilization are gas concentration, 
moisture (humidity), temperature, and exposure time. 
Ethylene oxide gas concentration is measured as milligrams 
per liter (mg/L) in the sterilization chamber space. Increasing 
concentration decreases the exposure time needed. The specified 
concentration must be maintained throughout the exposure phase 
of the sterilization cycle. Moisture is essential to EO sterilization. 
If moisture levels are too low (below about 30%), it might not 
be possible for EO to penetrate microbial cell walls, which will 
prevent the chemical from reacting with cellular DNA and will 
ultimately make it impossible for the EO to achieve sterilization 
within the time allowed, if sterilization can be achieved at all. 
If moisture becomes too high and there is an excess of water 
present in the sterilization atmosphere, more ethylene glycol, a 
potentially toxic chemical, might be produced as a byproduct.

Higher temperatures can result in a faster, more efficient 
process. However, if the device can withstand higher-temperature 
sterilization, saturated steam sterilization should be considered. 
Exposure time must be long enough to allow the sterilant to 
penetrate through all items being sterilized. The necessary 
exposure time varies with the gas concentration and temperature 
used. The density, thickness, configuration, and permeability of 
the devices in the load also affect the time needed for penetration 
of the sterilant. The standard cycles used in health care are set to 
accommodate the most difficult processing conditions expected 
to be encountered. These conditions can be affected by the 
configuration of devices created by the healthcare facility and by 
the loading configuration. 

Because EO penetrates at a molecular level, it is necessary to 
remove the EO after the sterilization process. Residuals remain 
after sterilization and must be reduced to safe levels before 
patient use. Ethylene oxide can be removed through a process 
known as aeration, which causes the EO to be adsorbed, collected 
on the surface of the device, and displaced by air, thus allowing 
the gas to disperse from the device. Aeration typically takes 
several hours to several days to accomplish, depending on the 
composition of the load. The higher the temperature, the shorter 
the aeration time required. 

Hydrogen Peroxide Gas Plasma. Gas plasma sterilization 
involves creating plasma by subjecting a gaseous chemical to an 
electrical field. Currently, hydrogen peroxide and ozone are used 
in gas plasma sterilization processes. Hydrogen peroxide has 

strong oxidizing properties that make it useful as a sterilizing 
agent. Hydrogen peroxide sterilization cycles are much shorter 
than ethylene oxide cycles. 

Material compatibility issues are created by the strong oxidizing 
characteristics of hydrogen peroxide. According to the Centers 
for Disease Control and Prevention (CDC), there are concerns 
about material compatibility between hydrogen peroxide and 
brass, zinc, copper, and nickel/silver plating.16 When exposed to 
hydrogen peroxide, brass and copper will exhibit some surface 
discoloration; and zinc will oxidize and corrode. When neoprene 
is exposed to hydrogen peroxide, a small amount of surface 
powdering might occur. Natural rubbers decompose when 
exposed to hydrogen peroxide. The device manufacturer should 
be consulted to determine if there any material compatibility 
issues with hydrogen peroxide; the sterilizer manufacturer can be 
consulted for general information. 

Products containing cellulose cannot be sterilized by this method 
because the cellulose will absorb the hydrogen peroxide, causing 
the concentration of hydrogen peroxide to drop below what is 
needed to achieve sterilization. Because the penetration capability 
of hydrogen peroxide is not as good as that of ethylene oxide, 
there are limitations on the length and diameter of lumens that 
can be sterilized with hydrogen peroxide. The IFU of both the 
device manufacturer and the sterilizer manufacturer should be 
consulted for guidance.

As with any sterilant, care must be taken in handling the sterilant 
and sterilized devices. Hydrogen peroxide can cause bleaching 
or ulceration of skin if direct contact occurs at a high enough 
concentration and for a sufficient period of time. The sterilizers 
in use today have been engineered to minimize the possibility of 
any exposure to the hydrogen peroxide, but it is recommended 
that personnel wear chemical-resistant gloves when handling 
the sterilant container and when handling devices being 
removed from the sterilizer. Routine employee monitoring is not 
recommended at present, but users might choose to monitor for 
the presence of hydrogen peroxide. 

Ozone. Because of its strong oxidizing properties, ozone is an 
efficient sterilant. It is capable of oxidizing most organic matter. 
Because the gas is unstable, it has to be produced on site. Ozone 
is produced by adding an atom to oxygen to produce a chemical 
with three atoms of oxygen instead of the usual two atoms. Cycle 
time is about 4 hours at 30.8°C to 36°C (87.4°F to 97°F). At the end 
of the cycle, the ozone is converted back to a two-atom molecule 
of oxygen, so there are no hazardous residuals created by the 
process. The FDA has cleared ozone sterilization for sterilization 
of metal and plastic instruments, hinged instruments, and 
instruments with lumens having a specified inside diameter and 
a specified maximum length. Because of penetration issues, there 
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are restrictions on the size of lumens that can be sterilized with 
ozone. Fluids and woven textiles cannot be sterilized with ozone. 
Sterilization parameters are ozone concentration, temperature, 
and time. 

Combined Ozone and Hydrogen Peroxide. An ozone–
hydrogen peroxide sterilizer became available in some countries 
in 2009. This sterilizer was cleared by Health Canada and 
has the CE mark for commercial distribution in Europe. The 
manufacturer is seeking FDA clearance at the time of this writing 
(February 2014). The original ozone sterilizer was cleared in 
Canada and Europe for upgrade to the new combined technology. 
Free radicals formed by the two sterilizing agents act to sterilize 
devices. Hydrogen peroxide reacts to ozone similarly to how it 
reacts to plasma in other sterilization processes. The ozone–
hydrogen peroxide sterilization process begins with the formation 
of radicals produced by the hydrogen peroxide. The ozone then 
reacts with the hydrogen peroxide, water, and radicals already 
present in the chamber. The combination of the two chemicals 
creates a very powerful oxidizing agent capable of penetrating 
lumens and other hard-to-reach device designs.

Liquid Chemicals. Liquid chemical sterilization can only be 
used for items that can be immersed in the liquid. Because there 
is no way to maintain the sterility of an item after sterilization, 
these processes can only be used for immediate-use sterilization 
or for high-level disinfection. Although glutaraldehyde and 
peracetic acid are both capable of sterilizing devices, their most 
common use is as high-level disinfectants. A long exposure time 
is needed for glutaraldehyde to achieve sterilization. Also, for 
a chemical to be used as a sterilant in either industry or health 
care, it is necessary to demonstrate the capability of the process, 
which involves testing with biological indicators to demonstrate 
that the process as used at the facility is capable of killing all 
microorganisms. 
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Chapter 4 The Quality 
Management System

Introduction

Companies and healthcare facilities engaged in producing sterile product must have a system in 
place to ensure that product quality is maintained. A comprehensive quality management system 
addresses all specified requirements for a particular product and consists of several components, 
including designation of management responsibility, documentation requirements, product 
realization requirements, quality audits, and change-control requirements. This chapter of the book 
discusses quality management in general terms and its application to all companies and healthcare 
facilities engaged in producing sterile product. The specifics of how medical device manufacturers 
and healthcare facilities can apply these principles are covered later in the book. 

Management Responsibility

Management with executive responsibility defines and documents the company’s or healthcare 
facility’s quality policy, including quality objectives and the commitment to quality. The person 
responsible for the quality program must have the authority to establish and make changes to the 
quality policy. Depending on the size of the company or healthcare facility, this person might also 
be responsible for the development of all policies, procedures, and instructions. In larger facilities, 
additional people will be responsible for various aspects of the quality program. It is acceptable to 
delegate some aspects of the quality program, including (a) the establishment of quality objectives, 
(b) designation of the actual methods and procedures to be used, and (c) implementation of the 
various steps in the quality program. Larger facilities might have a separate quality department 
responsible for ensuring that all employees (administrative, production, distribution, and support 
personnel) comply with the quality policies and procedures.

Individual department management is responsible for ensuring that employees adhere to the 
facility’s quality requirements. If any employee is not adhering to the quality system requirements, 
management is responsible for taking appropriate action to ensure compliance. Actions to ensure 
compliance with the quality system include initial orientation, ongoing retraining, and discipline 
when needed. All such actions should be documented.

The suitability and effectiveness of the quality system must be reviewed at designated intervals. 
Participants in this review should include representatives of all facility departments that can have 
an impact on the quality system (e.g. quality, production, purchasing, distribution, sterilization, 
marketing, sales, and administration). The purpose of this review is to determine if the facility’s 
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quality policies and objectives are being achieved. The review 
could include the following: 

•	 A review of the organizational structure, including staffing and 
other resources

•	 A comparison of finished device quality to the specified quality 
objectives

•	 A review of internal audit results

•	 A review of the customer complaint files

•	 A review of corrective and preventive actions taken in response 
to internal audits, customer complaints, or other reports

•	 A review of quality reports on raw materials, product 
performance, and process performance

•	 A review of potential updates of the quality system, including 
frequency of reviews

Management review is a broad review meant to ensure that the 
facility’s quality policy has been implemented and the objectives 
are being met. Additional quality meetings should be carried out 
by the quality management representative and/or department 
management personnel to review supporting activities and ensure 
that each area or department is complying with the established 
quality policy.

Documentation Requirements

A comprehensive quality system begins with development of a 
quality manual, which may consist of several tiers that become 
progressively more detailed. One approach is for the quality 
manual to specify the overall policies that govern the facility’s 
approach to quality, with supporting procedure manuals. The 
procedure manuals provide specific information on how to 
perform a particular function and might, in turn, be supported 
by instructions for specific procedures. Instructions are step-by-
step information on how to perform a specific procedure and are 
used when it is likely that the person performing the procedure 
might perform the procedure in such a way that the quality of the 
product will be compromised. For example, the quality manual 
might state that the facility complies with all requirements for 
ensuring that the product contains all specified components, is 
packaged in accordance with packaging requirements, and meets 
all functionality tests before being provided to customers. The 
following procedures might then be written to support this policy:

•	 Identification of product components

•	 Product assembly and packaging

•	 Functionality tests and acceptance criteria

•	 Product release

For a specific product, instructions might be needed to support 
the product assembly and packaging procedure. For example: 
Assemble all components and ensure that product is functioning 
properly before placing it in sterilization packaging and 
submitting it for sterilization. 

In addition to the policies, procedures, and instructions, the 
following types of documentation might be needed to support the 
quality system: 

•	 Device master record (DMR)

NOTE: In healthcare facilities, the DMR could be the tray list 
with pictures and specific notes in the instrument tracking/
productivity program.

•	 Specification of raw materials, packaging, and labeling

•	 Inspection requirements and acceptance criteria

•	 Cleaning, assembly, and sterilization details and acceptance 
criteria

•	 Design verification records

•	 Process verification records

•	 Process validation records

•	 Routine monitoring records

•	 Product release records

•	 Device history files (DHFs)

NOTE: In healthcare facilities, the DHFs are the records 
maintained each time a tray is assembled.

It is important that this documentation is available to support that 
the product has been produced in accordance with its product 
specifications and that it meets its performance requirements. 
These records might be needed should there be a report of a 
product quality problem. Investigation of product problems 
begins with a review of the records, followed by an analysis of any 
breakdowns that might have occurred and how such breakdowns 
can be minimized or prevented in the future. 

Product Realization

Procedures that specify the steps needed to ensure that finished 
product meets its quality requirements must be developed and 
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implemented. These procedures include the following: 

•	 Purchasing requirements to ensure that the raw materials 
needed for producing a particular product meet the 
requirements for that product

•	 Product identification and traceability specifications

•	 Measurement system calibration

•	 Control of non-conforming product (i.e., product that has failed 
to meet its specified requirements)

NOTE: In healthcare facilities, a nonconforming product could 
be a tray that is missing required components or instruments 
or that has additional, nonspecified components or instruments 
in it.

Any requirements for purchased products must be verified 
when the product is received. Receipt of product should be 
verified against the purchase order. Any product that does 
not meet purchase specifications should be reviewed and the 
disposition determined. It might be necessary to return the 
product for the correct or specified product. Before beginning 
to purchase product from a particular supplier, it is necessary to 
qualify that vendor. Criteria should be developed specifying the 
product requirements, and then the vendor’s product should be 
compared to the specification to ensure that the product meets 
the requirements. Vendor qualification might include site visits to 
ensure that manufacturing processes are acceptable for purchased 
subassemblies. All departments that will use the products 
should be part of the vendor review process. In healthcare 
facilities, clinical, sterile processing, distribution, and purchasing 
departments should participate.

To ensure that finished product meets its specifications and to 
facilitate any recalls necessitated by problems later found with the 
production process, procedures must be developed that allow for 
identification and traceability of the product and its components 
throughout the production process. Identification and traceability 
can be accomplished by using a unique identifier such as a bar 
code or simply by ensuring that all components are kept together 
during the production process. The simplicity or complexity 
of identifying and tracing product will depend on the specific 
product being produced and the steps in the production process. 

Any equipment or tools needed to measure specific parts of the 
production process should be calibrated to a national standard. 
Such equipment includes measurement devices on washers and 
sterilizers. Although washers and sterilizers are not used to create 
a particular device, they do produce the final sterile product, so 
the measurement devices on these machines must be accurate. 
A review of key measurements during the production processes 

allows for early recognition of possible nonconforming product. 
A final review of the production measurements ensures that the 
product meets its specifications and is acceptable for distribution. 
For these inspections to be meaningful, any measurement 
systems used must be accurate. Accuracy of the measurement 
system is ensured through calibration of the equipment. 

Product that does not meet its designated specifications should 
not be distributed for use. If the product is in process when the 
nonconformity occurs, the product should not proceed to the 
next step of the process. (For example, an instrument that fails 
inspection after cleaning because debris is still present in a lumen 
or in the ratchets should be returned to the decontamination area 
for further cleaning.) There need to be procedures to ensure that 
nonconforming product is not accidentally distributed or moved 
to the next step. When nonconforming product is identified, 
it must be quarantined or segregated from other products 
and an investigation conducted to determine what caused 
the nonconformity and whether it is okay to use the product. 
Depending on the results of the investigation, corrective  
and/or preventive actions might need to be implemented. 
Corrective action involves deciding what steps can be taken to 
address and prevent the recurrence of a problem. Before deciding 
what corrective action steps to take, it is necessary to identify the 
root cause of the problem; actions to prevent recurrence of the 
problem can then be taken. A decision needs to be made as to the 
disposition of the affected product:

•	 Destruction of the product

•	 Rework or reprocessing of the product

•	 Use of the product as is

The final decision will depend on what the investigation reveals. 
Sometimes it is possible to predict that a particular problem 
might occur. Preventive action involves analyzing processes to 
determine if there is potential for a particular problem to occur. 
When a potential problem is identified, steps can be developed 
that will prevent the problem from occurring. The difference 
between corrective and preventive action is the difference 
between being reactive versus being proactive. It is best to 
prevent problems when possible. Unfortunately not all problem 
occurrences can be predicted.

Quality Audits

Quality audits should be conducted periodically to ensure that 
the quality policies and procedures are being adhered to. The 
purpose of a quality audit is to ensure that the quality system is in 
compliance with the specified requirements and to determine the 
effectiveness of the quality system. The frequency of the audits 

	 Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification	  23© AAMI

Full document details: Basic Concepts in Sterilization Processes: Verification, Validation, and Qualification

http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification
http://www.avadocuments.com/doc/basic-concepts-in-sterilization-processes-verification-validation-and-qualification


depends on the complexity of the process being audited, the 
difficulty of performing the steps of the process, the importance 
of the activity being audited, the severity of a problem that might 
occur because of noncompliance, and the number of issues that 
are found during previous audits. As a quality system matures, 
it might be possible to reduce the number of quality audits 
performed. At minimum, a quality audit of the entire quality 
system should be conducted annually. Additional audits of 
specific areas may be conducted based on the criteria described 
above.

Personnel conducting a quality audit should not have direct 
responsibility for the process or product being audited. If 
possible, personnel who have no production responsibility should 
conduct all audits. In any case, the person performing the audit 
cannot audit his or her own work. 

The results of a quality audit must be documented, and these 
results should be provided to the person responsible for the area 
where any problems were identified. A formal report should 
become part of the quality documentation and should be reviewed 
as part of management review meetings. Any issues identified 
during a quality audit must be reviewed and appropriate 
corrective action developed and implemented. Audits should 
be followed up to ensure that the corrective actions taken were 
effective in preventing recurrence of the same problem. 

Figure 3 is an example of an audit form.

Change Control

Change control, an integral part of quality management, is a 
systematic approach to managing all changes that might occur 
when producing a product. It is very important that any changes 
in the production process are controlled so that all personnel who 
need to be aware of the change are informed. When a procedure 
is put into place, it is sometimes discovered that there might be 
a better way to perform it. Or, the component list for a product is 
updated (e.g., instruments might be added to or subtracted from 
an instrument tray as techniques or surgeons at a healthcare 
facility change). Employees need to understand that it is not 
acceptable to just begin performing a procedure in a new way, 
and that if a customer requests a change in a product, the person 
who receives the request cannot just go ahead and change the 
product or process. There must be a formal procedure in place for 
handling requests for changes in products or processes. Change 
requests may be made verbally, in writing, or on a change request 
form. (Verbal change requests should be documented, and there 
should be a follow-up signature from the requesting person 
verifying that the requested change was understood.) Whichever 
method is used, it is very important that the request is categorized 

and recorded. An assessment of the change, its importance, and 
the difficulty of implementing the change should be part of the 
documentation. 

Each change request should be formally reviewed and a decision 
made on whether the change will be accepted. The decision and 
the reasons for the decision should be documented and reported 
to the party who made the change request. Some requests don’t 
require an in-depth analysis, and it will only take a few minutes to 
decide whether to accept the change, to implement the change if 
accepted, and then to inform the requesting party of the decision 
and its implementation. (For example, a request for the removal 
of a particular surgical instrument from an instrument tray 
because the instrument is no longer used can be handled quickly.) 
Other change requests must be analyzed in some detail to 
determine whether the current method or the proposed method is 
the best way to perform the procedure. This type of change might 
require use of various quality management tools, such as a Pareto 
chart, a fishbone diagram, or a failure mode and effects analysis 
(FMEA). 

Once a change is accepted, a person or team is assigned 
responsibility for the change. This person or team will create a 
plan for designing and implementing the change. Each step of the 
implementation is monitored and, if needed, the change is rolled 
back should it be deemed that the plan does not work. At the end 
of the implementation, a final assessment is performed to ensure 
that the change is having the desired effect. If necessary, the 
steps for evaluating and analyzing the change are repeated with 
additional implementation steps until the change is satisfactory.

New Products

New products are developed periodically for several reasons: 

•	 A specific customer request is received.

•	 An improvement in production technology becomes available.

•	 Improvements in construction materials become available.

•	 Manufacturing production designs are improved.

•	 Business is being lost because a better product is available from 
a competitor.

Medical device manufacturers and healthcare facility sterile 
processing departments should review their production 
processes and products to ensure that they continue to meet their 
customers’ needs. 

It is necessary to review the new product and meet with potential 
customers to determine if the new product will meet a customer’s 
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needs. If customers do not perceive a need for the product, it 
might not make sense to develop it. Sometimes it might be 
necessary to point out how the customer’s needs will be met by 
the new product or possibly explain how the product change 
will enable the facility or department to provide the product at 
reduced cost, faster, or with some other intangible benefit (to 
the customer). The facility or department will also need to work 
with the customer to evaluate the product and help the customer 
determine if the product will meet the customer’s needs. 
Sometimes a focus group can be used to determine how much 
interest there is in the proposed new product. If it is determined 
that there is a need for the product, the facility or department 
needs to look to the change control process to formulate a plan to 
develop and begin production of the new product. 

Depending on the extent of the change to a product or the 
features of a new product, the customer might want to conduct 
a formal evaluation of the product before the change is made. 
The facility or department will want to work with the customer to 

conduct a product evaluation and formal review of the product. 
The review of new products will usually include the following 
steps: 

•	 Establishment of a multidisciplinary committee

•	 Review of how the product will contribute to safety

•	 Review of how the product will improve process flow, costs, 
ease of product use, environmental impact, and/or product 
standardization

•	 Review of the opinions of experts or peers who currently use 
the product or a similar product

•	 Determination of the compatibility of the product with existing 
product and processes

•	 Determination of the employee training that will be needed

The new-product review and decision should be documented. 

Management Review Audit Form

DATE________________________ 	 AUDITOR________________________________________________________

Parameter Yes No Comments

Management Review meetings are conducted at least 
annually?

Each department is represented at the management 
review meetings?

A quality policy and objectives have been established?

Corrective and preventive action reports are included 
in the management review meeting?

Customer complaints are analyzed for root cause?

Implementation plans for customer complaints are 
reviewed for adequacy?

Customer complaints and corrective/preventive 
actions are reviewed for potential trends?

Resources needed to accomplish the quality objectives 
are reviewed at the management review meetings?

COMMENTS______________________________________________________________________________________________________  

_________________________________________________________________________________________________________________  

_________________________________________________________________________________________________________________

figure 3  Example of an Audit Form
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