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Preface to the 4th Edition
James O. Westgard, PhD

It was 1998 when we published the first edition of this book, 2002 for the second 
edition, and 2008 for the third edition.  Since that time, it might be hoped that 
the advances in technology have improved the Total Testing Process to the 
point where a book on Basic QC Practices is no longer necessary.  Many think 
that analytical quality is a given and laboratories should focus on pre-analytic 
and post-analytic processes, rather than analytic processes.  Let us remind you 
that there is nothing more dangerous to our patients than test results that are 
wrong!  Neither doctors nor patients can adequately inspect the products of our 
testing processes to make sure they are okay.  They depend on us to make sure 
the numbers are correct.  Analytical quality is perhaps even more critical today 
when patient testing is performed by many different measurement procedures in 
different laboratory settings by personnel with different laboratory skills.  

Quality is like safety;  our efforts must first attempt to prevent problems 
from occurring, but if and when problems happen, it is essential they be detected 
before they endanger the patient.  In a perfect world of analytical testing, all 
problems would be prevented.  Unfortunately, we do NOT yet live in a perfect 
world, there continue to be analytical problems with today’s measurement sys-
tems, and we still need the capability to detect those problems when they occur.  
One of the most cost-effective tools for detection is Statistical Quality Control 
(SQC).   It is a powerful tool when properly designed and properly implemented, 
however, SQC can itself be very problematic if poorly designed or improperly 
implemented.      

You need to look no further than the US regulatory guidelines to recognize 
there still are serious problems with QC. According to the CLIA Final Rule and 
the related “interpretative guidelines,” laboratories may now comply by develop-
ing Individualized QC Plans (IQCP) based on principles of risk management.  
Unfortunately, laboratories have little experience with risk management and the 
new risk-based QC Plans may, in fact, be very risky.  That’s why this 4th edition 
is needed.  

This book will help you understand the principles and practices so you can 
do the right SQC right.   The first right has to do with implementing the right 
control rules and right numbers of control measurements in order to detect medi-
cally important errors. The second right has to do with knowing how to properly 
implement SQC procedures, which involves many details about setting up control 
charts, plotting control data, interpreting control results, recognizing when test 
results can be reported, and deciding when it is necessary to trouble-shooting 
problems and fix the testing process.  

Doing the right SQC right is a prerequisite to the implementation of QC 
Plans. We introduce the concept of a Total QC Plan that includes a right-sized 
SQC procedure as an essential control.  A new tool, called Westgard Sigma Rules 



provides a simple way for right-sizing SQC procedures. The QC Plan should then 
be developed by adding pre-analytic and post-analytic controls, as well as specific 
controls that target particular failure modes.  Here’s where the principles of risk 
management should be useful and we introduce a simplified risk evaluation meth-
odology that should be practical for applications in medical laboratories. 

This 4th edition provides a broad perspective on quality management and 
increasingly considers the influence of global standards such as ISO 15189.  The 
English edition still includes a detailed discussion of the US CLIA regulatory 
requirements and CMS’s interpretative guidelines for IQCP, whereas other 
language editions emphasize the relevant regulatory and/or accreditation require-
ments.  
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There's more online at Westgard Web
In order to accomodate all the updates, revisions, and entirely new 
chapters into this edition, yet still keep it a reasonable length, we had to 
make a few cuts. Notably, we moved the self-assessment questions and 
answers, glossary and reference lists online.

Go to http://www.westgard.com/bqcextras.html for links to these online 
features:

• Glossary of terms

• Complete reference list for this book.

• Links to spreadsheets, worksheets and other downloads.

• Access to online QC calculators, including some calculators and plot-
ters not available to the general public.

• New in this 4th edition: free access to an online short course in "West-
gard Rules" – which will allow access to an online lecture as well as 
the opportunity to earn continuing education credits. 
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1. Managing Analytical Quality
James O. Westgard, PhD

The management of quality in medical laboratories today is generally 
subject to national or international guidelines for good laboratory 
practice.  For example, many countries adopt ISO 15189 one of the 
guidelines for quality and competency [1].  Similar guidance for 
implementing a “Quality Management System” is found in consensus 
guidelines developed by the Clinical Laboratory Standards Institute 
(CLSI), in their documents HS1 [2] and GP26 [3]. In addition, there 
may be regulatory requirements in some countries, such as the US 
CLIA rules [4], as well as professional guidelines for accreditation 
and inspection, such as the College of American Pathologists (CAP), 
The Joint Commission (TJC), or COLA in the US.  

Directors, managers, and supervisors must understand the 
guidance documents that govern practices in their laboratory.  
Analysts need to understand certain technical requirements for 
the operation of analytical processes, particularly the validation of 
methods and Statistical Quality Control (SQC).  Our purpose in this 
introduction is to describe the big picture of quality management 
and then focus on the basic practices that must be implemented at 
the bench level for managing analytical quality.  

What is Quality?
Everyone talks about quality, but what exactly does “Quality” mean?  
You can find many definitions in the literature, but we need one that 
helps us understand laboratory quality in a practical way.  Here are 
some definitions that provide a good starting point:

• ANSI/ASQC A3-1978. Quality – the totality of features and 
characteristics of a product or service that bear on its ability to 
satisfy given needs [5].  

• Juran – Quality is fitness for use [6].

• Crosby – Quality is conformance to requirements [7].

• Deming – Quality should be aimed at the needs of the customer 
[8].
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These definitions are from industry and from some of the quality 
gurus who guided industrial quality management in the last half of 
the 20th century.  Notice that all these definitions focus on the needs 
or requirements of the customer, in our case the patient (consumer) 
and the physician (user) who acts on behalf of the patient.  Note also 
that there may be many dimensions to quality, i.e., many features or 
characteristics that are important.  The following is a good synthesis 
of these definitions and should provide us with a starting point for 
understanding quality in a quantitative way:

• CDC 1986. The quality of a laboratory testing service depends 
on providing the totality of features and characteristics that 
conform to the stated or implied needs of users or customers 
[9].

Note that this definition is 30 years old!  Quality management 
in medical laboratories has a long history and was not invented by 
ISO or CLSI or CLIA.  Those guidelines emerged from attempts to 
summarize or codify practices that had already been developed in 
laboratories and to transfer “good laboratory practices” more widely 
throughout the field.  

This definition of quality acknowledges the “totality of features 
and characteristics” that makes quality multi-dimensional.  Some-
times when we argue about quality, we are actually arguing about 
different characteristics, e.g., a physician says they are upset about 
the poor quality of a test.  We argue that the test was in-control and 
meets the requirements for allowable error.  But the physician is 
actually upset about turnaround time, a very different characteristic 
of quality. If the laboratory requirement for turnaround time was 
set at 1 hour and the report was not provided until 2 hours, then the 
physician has a right to complain that the laboratory did not provide 
the quality of service expected.  That also shows the importance of 
defining how good the test or service must be.

Conformance to stated or implied needs, i.e., goals, objectives, 
or requirements, is the key to making quality a quantitative and 
measurable characteristic.  For turnaround time, the laboratory 
needs to establish its requirements for reporting routine, priority, 
and emergency test results.  Discussions with the users, in this 
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case physicians and nurses, should help identify the clinical needs.  
Because the measure is in units of time, i.e., minutes or hours, that 
are understood by both the customer and the laboratory, we can 
communicate, define, and measure quality in terms of time.

Analytical quality is not as easy to understand.  How should 
the requirement be stated?  Should it be in the form of allowable 
bias, allowable imprecision, or allowable total error?  And how do 
you come up with a number?  In this case, the physician-user and 
patient-consumer do not have the technical understanding to discuss 
the performance characteristics of a measurement procedure, there-
fore, laboratory scientists must be responsible for understanding the 
clinical needs and interpreting those needs in terms of analytical 
performance goals.  That’s our responsibility for “implied needs” 
in the definition of quality.  The laboratory must take responsibil-
ity because the physician and patient cannot define quality in the 
technical terms that are used in the laboratory.     

What is Quality Management?
Again, we’ll start with some definitions, this time from the CLSI 
HS1 document that describes a model for quality management 2 :

• “Quality – Degree to which a set of inherent characteristics 
fulfill requirements (ISO 9000).

• Quality assurance – Part of quality management focused on 
providing confidence that quality requirements will be fulfilled 
(ISO 9000)

• Quality control – Part of quality management focused on 
fulfilling quality requirements (ISO 9000)

• Quality indicators – Observations, statistics, or data defined 
by the organization or service that typify the performance of a 
given work process and provide evidence that the organization 
or service is meeting its quality intentions (AABB).

• Quality management – Coordinated activities to direct and 
control an organization with regard to quality (ISO 9000)
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• Quality management system – Management system to direct 
and control an organization with regard to quality (ISO 9000); 
Note: Systematic and process-oriented efforts are essential to 
meet quality objectives.

• Quality policy – Overall intentions and direction of an 
organization related to quality as formally expressed by top 
management (ISO 9000)

• Quality system essentials – Set of coordinated building 
blocks for quality management.”  [HS1] describes the “Quality 
System Essentials” (QSE) as follows:

• Documents and Records, 
• Organization, 
• Personnel, 
• Equipment, 
• Purchasing and Inventory, 
• Process Control, 
• Information Management,
• External and Internal Assessment, 
• Process Improvement, 
• Customer Service and Satisfaction, and
• Facilities and Safety.  

These definitions, though official and widely used in the ISO and 
CLSI documents, do not by themselves create an understanding of 
what to do to manage quality, or how to do it.  Quality management 
is a complex process that involves many elements, components, and 
essentials and requires careful organization and implementation. 
And remember that “systematic and process-oriented efforts are 
essential to meet quality objectives.”
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What is a systematic process for managing quality? 
For laboratory scientists, it may be easier to understand quality 
management in terms of the scientific method. We all trained in  the 
fundamental approach to scientific experimentation, as described 
by the Plan-Do-Check-Act (PDCA) cycle.  We learned to identify a 
problem or question, plan an experiment to address the issue, do 
the experiment, check the experimental data, then act on that data.  
Often the action leads to planning a better experiment and repeating 
the process until we are able to conclusively answer the question of 
interest.  We can adapt this scientific approach to provide a model 
for quality management, as shown in Figure 1-1.   

This model clearly reflects the PDCA cycle, where the “plan” 
is at the top, “do” describes the laboratory processes for getting the 
work done, “check” includes both quality control and quality assess-
ment, and “act” reflects the actions needed to correct problems and 
improve the process. In describing this process, we’ll start with the 
“do” because the definition of work processes and standardization of 
how the work gets done is usually the first step in managing quality.

Q
Q Q
Q Q

Planning

Laboratory

Processes

ControlAssessment

Improvement Q
Goals

Six Sigma

Risk 
Management

Quality Indicators

CLSI, ISO 
Guidelines

Re-engineering
Six Sigma Design

Lean

Inspection
Accreditation

Figure 1-1. Total Quality Management (TQM) Process Framework and 
related programs for Quality Improvement.
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• Quality Laboratory Processes (QLP) refers to the policies, 
procedures, personnel standards, physical resources, etc., that 
determine how work gets done in the laboratory.  Laboratory 
method manuals describe the standard operating procedures 
(SOPs) and processes for producing test results.

• Quality Control (QC) refers to procedures for monitoring 
work processes, detecting problems, and making corrections 
prior to the delivery of products and services.  Statistical QC is 
a major procedure for monitoring the analytical performance 
of laboratory testing processes.

• Quality Assessment (QA) refers to the broader monitoring 
of other dimensions or other characteristics of quality such as 
turnaround time, patient preparation, specimen acquisition, 
and result reporting that are monitored through broad QA 
activities. Proficiency Testing (PT) or External Quality 
Assessment (EQA) provide an external or outside measure 
of performance.  Note that we use the term assessment here 
instead of assurance because the emphasis is on obtaining 
measures of quality.  Quality assurance is the outcome of the 
whole process, not simply a component in the process.

• Quality Improvement (QI) is aimed at determining the 
root causes or sources of the problems being identified by QC 
and QA.  The causes of some problems can be determined by 
individual analysts, but many of the most difficult problems 
require a team problem-solving process that utilizes particular 
QI tools (such as flowcharts, Pareto diagrams, cause and effect 
or “fishbone” diagrams, force field analysis, etc.).

• Quality Planning (QP) (also Quality Design) is concerned 
with establishing and validating processes that meet customer 
needs.  The selection and validation of new methods and 
instruments fits here, as well as the selection and design of 
Statistical QC procedures and analytical quality systems.

• Quality Goals (QG) represent the objectives or requirements 
that must be achieved to satisfy the needs of customers.  For 
analytical quality, the requirement should be to provide test 
results that are correct within stated limits.  ISO often uses 
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the phrase “intended use” as a general expression of clinical 
needs or requirements, but we want to be more specific here 
and clearly recognize the importance of defining the goals and 
requirements that must be achieved to satisfy the needs for 
“intended use.”

These components work together to provide a feedback loop.  
QLP defines the policies, procedures, and processes that are needed 
to get the work done.  QC and QA measure how well the work is 
getting done.  When problems are detected, QI focuses on the root 
causes, which can then be eliminated through QP, in this case 
actually re-planning the testing processes and implementing new 
and better ways of doing the work, which leads to changes in QLP.  
Thus, this management process provides a cycle for continuous 
improvement of quality!

An important insight is that the definition of quality goals and 
the implementation of a Quality Planning process are essential to 
quality assurance!  Yet these two components are often missing, or 
not well-developed, in many laboratories today.  Just as well-defined 
financial budgets guide our management of resources, we also need 
error-budgets to guide our management of quality [10].  Such error 
budgets are critical for the selection and validation of analytical 
methods and also for the development of QC systems that guarantee 
we do not overspend and produce test results that exceed the desired 
requirements for quality.  The need to define “tolerance limits” or 
allowable errors is an essential part of Six Sigma QM [11], thus 
the extension of TQM with Six Sigma concepts and metrics makes 
quality management a much more quantitative process.   

This quality management process can be applied to any part of 
the laboratory total testing process and there are many additional 
tools and techniques that enhance this central process:  

• CLSI and ISO guidelines and standards provide guidance 
on best laboratory practices that should be implemented in 
the laboratory;

• Inspection and accreditation provide an external audit of 
the laboratory quality system to assess weaknesses that need 
improvement;
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• Quality Indicators are quantitative monitors of performance 
that provide an assessment and comparison of laboratory 
services; Proficiency Testing (PT) and External Quality 
Assessment (EQA) are commonly used as external monitors 
of analytical performance;

• Six Sigma provides quantitative tools for measuring quality 
against requirements on an absolute or Sigma-scale, with 
industrial benchmarks for how good quality should be (6-Sigma) 
and what quality is not acceptable for routine production 
processes (below 3-Sigma);

• Risk management provides tools such as Failure Mode 
Effect Analysis (FMEA) to identify causes or errors and to 
provide guidance for mitigation of risks (prevention, detection, 
elimination, recovery); Patient Safety provides an emphasis 
on identifying and correcting problems in the Total Testing 
Process, which includes pre-analytic, analytic, and post-
analytic processes (or pre-examination, examination, and 
post-examination processes, in ISO terminology).

• Design for Six Sigma provides a detailed planning 
methodology for achieving quality goals and improving process 
performance; Re-engineering provides guidance for major re-
design of processes; Lean provides a methodology that focuses 
on reducing cycle time to optimize efficiency and reduce cost.  
The application of Lean in laboratories today demonstrates 
the evolution of business process re-engineering and attests 
to the increasing importance of planning! When coupled with 
Six Sigma (often called Lean Six Sigma), laboratories have 
a planning methodology that combines efficiency and quality.  

All of these approaches supplement the central quality man-
agement process and contribute to better quality management by 
providing new techniques, tools, and methodology for preventive 
actions, corrective actions, indicators of performance, measures of 
quality, identification of root causes, optimization of quality, reduction 
of costs, maximization of efficiency, etc.  They should be understood 
as part of the total quality management process, or Quality Manage-
ment System [12], not as alternatives to that process.  
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To some extent, the different tools relate to the level of improve-
ment that is desirable and the amount of change that is needed, as 
well as the resources necessary to support that level of improvement.  
Individual analysts who are responsible for different analytic systems 
can identify problems with those systems and make improvements 
to prevent or detect those problems.  Section and department teams 
will be necessary for broader processes and major improvements in 
analytical processes within a laboratory, for example, to develop 
effective analytical quality systems.  Cross-functional teams will 
be necessary to address the pre-analytic and post-analytic parts of 
the Total Testing Processes and to develop broad quality systems 
that address the needs of the patient consumer  and physician user.   

What activities take priority in implementing quality 
management?
The CLSI HS1 guidelines recommend the following priorities for 
implementing the Quality System Essentials:

“Confirmation of leadership commitment is paramount to the success 
of quality management system implementation.  QSE organization 
needs to be one of the first QSEs implemented.

“The following activities set the foundation and direction for 
implementing the quality management system and… can be 
implemented in the order that best suits the particular requirements 
of the organization or service.

• “Development of the quality manual documents (QSE: 
Documents and Records)

• Development of the program for occurrence management 
(QSE: Occurrence Management)

• Development of processes for controlling documents and 
records (QSE: Documents and Records)

• Analysis and validation or verification of work processes, 
with development of procedures and instructions (QSE: 
Process Control); and

• Implementation of process controls (QSE: Process Control).”
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Management commitment and leadership are critical the 
starting point for quality management, along with establishing an 
organizational structure that supports the development and docu-
mentation of quality work processes, as well as method validation, 
process control, and occurrence monitoring.  In the context of the 
quality management process in Figure 1-1, the development and 
documentation of work processes corresponds to our component for 
Quality Laboratory Processes.  The monitoring of performance via 
process control and occurrence monitoring correspond to our Qual-
ity Control and Quality Assessment components.  Thus, once work 
processes are established, the next priority is process control, which 
is the focus of this book.

What’s the point?
It is important to understand that Statistical Quality Control is one 
part of the overall quality management process or system, but it is 
an essential part and must involve all the analysts in the laboratory.  
Other parts may involve mainly the laboratory director, managers, 
and supervisors, but QC involves everyone and everyone must have 
some education and training to carry out their responsibilities.  In 
that sense, QC is an essential competency for all laboratory analysts 
and a fundamental skill that must be assured through professional 
education and in-service training.  In these chapters, we’ve divided 
the materials into four areas for study that are appropriate for 
operators and analysts who have different levels of responsibility.  

Basic Training 101 – Applying SQC.  Not everyone needs to 
understand everything in this book, but everyone should study this 
first group of lessons.  These chapters are concerned with doing 
SQC, understanding its importance, and recognizing how it fits 
into the overall QC Plan or Quality System.  These lessons assume 
that the testing application is overseen by someone who takes care 
of the technical details of establishing or implementing QC, which 
are described in later chapters.

Analysts working in a production laboratory need better skills in 
interpreting QC data.  Decisions about accepting or rejecting test 
results on the basis of QC should be clear and logical.  However, 
it is still difficult to know what to do when there is a problem.  QC 
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Troubleshooting requires a deeper understanding and interpretation 
of QC data, QC records, and EQA results.

Basic Training 102 – Implementing the Right SQC Right.  
Analysts who have responsibility for particular methods and 
systems, or who work independently with little supervision, need 
to understand the details of QC.  QC actually seems easy when 
everything is properly set up and maintained.  But that’s not the 
situation in many laboratories.  You need to be able to calculate control 
limits properly, implement appropriate control rules and numbers 
of control measurements, and define when controls will be analyzed.  
These are complex issues that are influenced by both regulatory and 
accreditation requirements, as well as scientific principles.

Someone – probably you since you’re the one reading the book – 
needs to define what QC procedures are to be used for the tests in 
your laboratory.  This responsibility often resides with the medical 
director of the laboratory, but may be delegated to managers or 
supervisors or quality technical specialists.  Someone needs to know 
how to select the right control rules and the right number of control 
measurements.  This problem often arises when old methods or 
systems are replaced by newer ones that have better stability and 
performance, but this activity should also be part of the annual 
review of laboratory procedures.  Many laboratories continue to do 
the “same old QC” because they don’t know how to plan, design, or 
select QC procedures that account for the quality required by the 
test and the method performance observed.

Basic Training 103 – Developing a Quality Control Plan.  As of  
January 2016, medical laboratories in the US have a new option for 
QC by implementing a risk-based QC Plan.  Because of increasing 
emphasis on risk management in ISO standards, laboratories around 
the world have become interested in risk-based QC plans. The 
advantage of a QC Plan is that its coverage includes pre-analytic and 
post-analytic phases of the Total Testing Process and it implements 
specific analytic controls targeted at identified weaknesses or failure 
modes. The US implementation guidelines recommend a qualitative 
process to identify hazards. Risk evaluation should then follow 
to assess the importance of each potential hazard and its risk to 
patients.  Formal risk evaluation generally makes use of a common 
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industrial tool known as Failure Modes and Assessment Analysis 
(FMEA).  An introduction to a simplified FMEA process is described 
to provide the basic framework for risk evaluation.  

Basic Training 104 – Building a Quality Management 
System.  SQC is the foundation for quality management in a 
medical laboratory, but many other quality management tools, 
techniques, and programs are useful for expanding quality practices 
to provide a comprehensive quality management system.  Other 
practices, such as method evaluation, are essential for selecting 
appropriate measurement procedures and are a prerequisite to 
selecting appropriate SQC procedures.  Participation in programs 
for External Quality Assessment or Proficiency Testing are essential 
for monitoring the routine quality achieved in a laboratory.  All 
these tools and programs can be integrated into a Six Sigma Quality 
Management System to provide a practical structure for managing 
quality in a medical laboratory.
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2. Understanding Statistical Quality 
Control (SQC)

James O. Westgard, PhD
The product of a laboratory testing process is a number.  Unlike a 
physical product that can be inspected to assess whether it looks 
good or bad, you can’t look at a test result and tell whether it is valid.  
247 – what do you think?  If this is a patient sample, do you think 
the test result is of good quality or not (meaning the correct value)?

Assume the value of 247 is measured on a stable sample that 
has been analyzed before and has the range of values shown in the 
histogram below.  Do you think the test result is of good quality?  
Given that values between 240 and 260 have often been observed in 
past measurements, it is expected that this new value should also 
fall in that range if everything is working acceptably. Therefore, 
other patient test results included in this run of measurements are 
also probably correct.
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Figure 2-1: An example Histogram



Basic QC Practices, 4th Edition

Page 16

A simple graphic tool – the QC chart
In the medical laboratory, control charts are used to compare today’s 
observed value of a stable control material with what is expected based 
on past history.  As shown in Figure 2-2, by turning the histogram 
sideways and spreading the results out according to the time they 
were collected, it is easy to see how each observation compares to 
the expected distribution or range of past observations, which are 
described by the central line (expected mean value) and certain 
limits calculated from the mean and standard deviation (SD) of past 
control data.  In this figure, the limit lines correspond to the mean 
± 1 SD, ± 2 SD, and ± 3 SD.  

Assuming a Gaussian or normal distribution, it would be 
expected that about 68% of the points fall within the mean ± 1 SD, 
95% within the mean ± 2 SD, and 99.7% within the mean ± 3 SD.  
Therefore, it would be very unexpected (0.3% chance) to observe a 
control value greater than 3 SD from the mean and such an obser-
vation usually indicates there is a problem with the method.  It is 
somewhat unexpected to observe a control value greater than 2 SD 
from the mean, but this will happen at least 5% of the time when 
analyzing one control per run, so it may indicate a false alarm instead 
of a real problem.  It is very common (32% chance) to see individual 
values beyond 1 SD from the mean, therefore this control limit is of 
no value for making a judgment about method performance based 
on a single control value.

That’s the idea behind Statistical Quality Control.  See if you 
can get the right answer for a sample with known values.  The right 
answer is actually a range of values that are calculated from the 
mean and standard deviation of past results.  That mean and mul-
tiples of the SD can be shown on a control chart to make it simple 
to plot new control measurements and see how they compare with 
the expected range of values.
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In the beginning, there was Shewhart
Walter A. Shewhart was a statistician at Bell Telephone Laboratories 
who developed the scientific basis for statistical process control.  
Shewhart stated that:

    “the object of industry is to set up economic ways of satisfying 
human wants and in so doing to reduce everything possible to 
routines requiring a minimum amount of human effort.  Through 
the use of the scientific method, extended to take account of modern 
statistical concepts, it has been found possible to set up limits 
within which the results of routine efforts must lie if they are to be 
economical.  Deviations in the results of a routine process outside 
such limits indicate that the routine has broken down and will 
no longer be economical until the cause of trouble is removed.”
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Figure 2-2: The Idea of a QC Chart

• Determine the expected distribution of control 
values
•Calculate mean and SD from control data to 
establish control limits for chart
• Expect control values to fall within control limits:

95% within 2 SD
99.7% within 3 SD

• Plot control values vs. time on chart
• Identify unexpected values
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Shewhart made this statement in the preface to his book on 
the Economic Control of Quality of Manufactured Product that was 
published in 1931 [1].  

Statistical process control, from the beginning, has been con-
cerned with achieving the desired quality (satisfying human wants) 
at minimum cost (economic control).  Shewhart identified critical 
elements such as the expected variation of a routine process, a way 
to set limits that will identify when the routine has broken down, 
and the need to eliminate causes of trouble when the process was 
observed to exceed those limits.

Almost twenty years passed before Levey and Jennings in-
troduced statistical process control to medical laboratories in 1950 
[2].  Shewhart’s original recommendation called for making a group 
of measurements, calculating the average and range (maximum 
difference), then plotting the mean and range on two different 
control charts.  Levey and Jennings proposed making duplicate 
measurements on a patient specimen.  Because the actual level of 
the measured constituent varied from specimen to specimen, this 
was a more difficult application.  Henry and Seaglove 3  developed 
an alternative procedure in which a stable reference sample was 
analyzed repeatedly and individual measurements were plotted 
directly on a control chart.  This type of control chart on which 
individual values or single values are plotted directly is commonly 
known today as a Levey-Jennings chart.

Since that time, industry has developed stable control materials 
that mimic patient samples, thus today there are safe QC materials 
readily available for most established tests.  A better understand-
ing of the performance characteristics of QC procedures has been 
developed [4] to describe the probabilities of error detection (Ped) and 
false rejection (Pfr), which has led to refinements such as multirule 
procedures (“Westgard Rules”) for evaluating and interpreting control 
data [5]. Strategies for cost-effective operation have been further 
refined on the basis of the quality and productivity of the analytical 
testing process [6].  CLSI developed a consensus guideline (C24) for 
in 1990, currently available as C24-A3 [7].  
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Software and informatics now typically implement statisti-
cal QC. A computer performs the necessary calculations, prepares 
graphic displays, applies selected control rules, and issue alerts 
when problems occur.  Today, support for handling QC is provided 
by most automated analyzers, middleware, laboratory and hospital 
information systems, and even point-of-care devices.

Learning the QC language
Let’s start with commonly-used terms and then add official definitions 
from ISO and CLSI.

Statistical process control is the general term used to describe 
those aspects of a control system in which statistics are 
applied to determine whether observed performance is within 
the expected variation of the process, in contrast to other 
components of a QC Plan such as preventive maintenance, 
instrument function checks, operation training, etc., that are 
part of a broad definition of quality control.

Quality control procedure is a general term that is used in 
medical laboratories, often as a synonym for Statistical QC 
procedure, where a specific number of control materials and 
control measurements are employed and the results interpreted 
by a defined control rule or set of rules.  

Control chart is a graphic method for displaying control rules 
and evaluating whether a measurement procedure is in-control 
or out-of-control.  Control results are plotted versus time or 
sequential run number and lines are generally drawn from 
point to point to highlight any trends, systematic shifts, and 
random excursions. 

Control limits are lines drawn on a control chart to provide 
graphic criteria for assessing whether a measurement 
procedure is in-control or out-of-control.  These control limits 
are usually calculated from the mean and standard deviation 
(SD or s) determined for a given control material. Typically the 
interpretation is based on a specified number of control results 
or points exceeding a certain control limit. When in-control, 
patient test results are reported.  When out-of-control, the run 
is rejected and no test results can be reported.
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Control rule  means a decision criterion for judging whether an 
analytical run is in-control or out-of-control. It is commonly 
defined by a symbol of the form AL, where A is the abbreviation 
for a statistic or represents the number of control measurements, 
and L identifies the control limits, usually specified by the 
multiple of the standard deviation.  

Here are some example control rules:

13s refers to a control rule 
that is commonly used 
with a Levey-Jennings 
chart when the control 
limits are set as the 
mean +3s and the mean  
–3s. A run is rejected 
when a single control 
measurement exceeds the 
mean +3s or the mean –3s 
control limit.

12s  refers to the control rule 
that is commonly used 
with a Levey-Jennings 
chart when the control 
limits are set as the 
mean ± 2s. In the original 
Westgard multirule QC 
procedure, this rule is 
used as a warning rule to 
trigger careful inspection 
of the control data by other 
rejection rules.

 [See later for more details when (and when not) to use a warning 
rule of this type.]

-3s
-2s
-1s

Mean
+1s
+2s
+3s

1 2 543 6 7 8 9 10

13s rule
violation

+3s
+2s
+1s

-3s
-2s
-1s

Mean

1 2 543 6 7 8 9 10

12s rule
violation
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22s  refers to the control rule 
that is used with a Levey-
Jennings chart when the 
control limits are set as 
the mean ± 2s. In this case, 
however, the run is rejected 
when 2 consecutive control 
measurements exceed the 
same mean +2s or the same 
mean –2s.

R4s  refers to a control rule 
where a reject occurs when 
1 control measurement in 
a group exceeds the mean 
+2s and another exceeds 
the mean –2s. This is only 
to be interpreted within 
a single run. So in the 
graphic at right, the data 
points at 5 and 6 must 
represent observations 
from the same run.

Run, analytical run, and run length refer to the interval, which 
could be a period of time or group of samples, for which a decision 
on control status is to be made.  The US CLIA requirements 
define a maximum run length of 24 hours for many chemistry 
tests, and 8 hours for hematology and blood gas tests, Many 
laboratories define a shorter period based on the changes or 
events that affect the performance of a testing process, such 
as changing operators, reagents, recalibration, or other factors 
that make the testing process susceptible to problems.  As 
testing volume increases, many labs also increase their run 
QC frequency. For random access automated systems, a run 
is usually defined as a time interval at which controls are 
reanalyzed.  For batch instruments and manual systems, a 
run is often defined as a group (or batch) of samples that are 
analyzed at the same time.

+3s
+2s
+1s

-3s
-2s
-1s

Mean

1 2 543 6 7 8 9 10

22s rule
violation

+3s
+2s
+1s

-3s
-2s
-1s

Mean

1 2 543 6 7 8 9 10

R4s rule
violation
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Now, here are the official ISO and CLSI definitions:

• Analytical run – an interval (i.e., a period of time or series 
of measurements) within which the accuracy and precision of 
the measuring system is expected to be stable; between which 
events may occur causing the measurement process to be more 
susceptible (i.e., greater risk) to errors that are important to 
detect (CLSI C24-A3 section 7.1)

• Quality control – part of quality management focused on 
fulfilling quality requirements (ISO 9000)

• Quality control plan – a document that describes the practices, 
resources, and sequences of specified activities to control the 
quality of a particular test system or test process to ensure 
requirements for their intended purpose are met (CLSI EP23A 
[8])

• Quality control rule – decision criterion used to determine 
if a given quality control observation should be accepted or 
rejected (CLSI C24-A3)

• Quality control strategy – the number of control materials, 
the number of measurements to be made on these materials, 
the location of those control materials in an analytical run, 
and the statistical control rules applied (CLSI C24-A3)

• Statistical quality control – a procedure in which stable 
samples are measured and the observed results compared 
with limits that describe the variation expected when the 
measurement method is working properly (CLSI C24-A3)

Hopefully, these official terms now make sense and you have 
the necessary vocabulary to understand some of the reference docu-
ments, as well as policies and procedures in your own laboratory.
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What’s the point?
The idea is simple – characterize the variation that is expected when 
analyzing a stable control material, then check to see if today’s results 
are consistent with the expected range of variation.  You might think 
of SQC as establishing the normal or reference range for a control 
material, then verifying that today’s result on that control material 
falls within the expected range.  It’s analogous to the use of a normal 
or reference range for assessing patient test results and identifying 
abnormal conditions that require attention.  

The complication is that statistics are used to determine the 
expected range.  Many laboratory analysts are afraid of statistics 
and find SQC intimidating.  All the regulations, national and inter-
national guidelines, and laboratory quality policies and procedures 
can also be intimidating.  We think that an understanding of the 
basic principles and the terminology are essential to create the 
proper learning environment and the skills needed in the medical 
laboratory.  SQC is a tool that is widely applicable to many tests and 
analytic systems throughout the medical laboratory, but the quality 
of our QC practices still depends on having skilled analysts who are 
able to use this tool to assure the quality of laboratory test results.
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Westgard Sigma Rules
2 Levels of Controls

Data 
QC

13s 22s R4s 41s 8X

Take   Corrective    Action

Report Results

No

Sigma Scale =  (%TEa-%Bias)/%CV
6σ 5σ 4σ 3σ

No No No

Yes Yes Yes Yes Yes

N=2
R=1

N=2
R=1

N=2
R=2

N=4
R=1

N=8
R=1
N=4
R=2

No

Westgard Sigma Rules
These rules of thumb have been formalized in a new tool called 
“Westgard Sigma Rules,” which was introduced in our book Basic 
Quality Management Systems 8 . Figure 11-  shows the Westgard 
Sigma Rules for 2 levels of control materials.   

On first glance, this figure looks just like the usual “Westgard 
Rules.” But there is no 2 SD warning rule here.  That is an important 
distinction, but the most important change is at the bottom of the 
diagram where there is a Sigma-scale.  That scale provides guid-
ance for which rules should be applied based on the sigma quality 
determined in your laboratory.    

Figure 11-6. Westgard Sigma Rules for 2 levels of controls.  Note Sigma-scale at 
the bottom of the diagram.  To apply, determine Sigma-metric, locate on the Sigma-
scale, identify rules above and to the left, find N and R above the sigma value.  

.   
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12. Determining the Right Frequency of 
Controls

James O. Westgard, PhD
For monitoring the analytical testing process, the use of SQC and 
liquid controls provide an effective technique that can be widely 
applied in medical laboratories.  Liquid controls can also be used to 
“verify the attainment of the intended quality of test results,” which 
is one of the technical requirements of ISO 15189.  However, there 
is still an issue of how often controls need to be analyzed, i.e., the 
frequency of SQC.  There are many factors that need to be considered 
when determining run length and how often controls need to be 
analyzed. 

How often should liquid controls be run?
At first, it seems like it should be simple to define how often controls 
should be run, but it gets complicated because of the accreditation 
guidelines, regulatory requirements, and the different types of 
analytic systems and different modes of operation.

ISO 15189 Guidelines.  There is no specific guidance for the 
frequency of SQC, but instead a general requirement to design SQC 
procedures that are appropriate for the test, method or examination 
procedure being used, and the intended use of that test [1].  

5.6 Assuring quality of examination procedures

5.6.1  The laboratory shall design internal quality control 
systems that verify the attainment of the intended quality of 
results.  It is important that the control system provide staff 
members with clear and easily understood information on which 
to base technical and medical decisions.  Special attention 
should be paid to the elimination of mistakes in the process of 
handling samples, requests, examinations, reports, etc.

ISO typically provides “high-level guidance,” meaning that 
it describes what should be accomplished, without any details on 
how to accomplish it.  More detailed guidelines are often found in 
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13. Controlling the Total Testing 
Process

James O. Westgard, PhD
Having described SQC in detail in the previous chapters, now we 
want to discuss the sources of error that can be monitored by SQC 
and the need for other QC mechanisms to monitor the Total Testing 
Process. The combination of QC mechanisms should make up a QC 
Plan, which is the focus of the next set of chapters  

SQC is a powerful control technique because it uses a liquid 
sample that is subjected to many of the same steps of the testing 
process as a real patient sample.  By going through the analytical 
testing process, the liquid control is able to check many variables, 
factors and components in an analytic system.  SQC provides a 
single control technique that can be used on multiple analytic tests 
and systems.  Nonetheless, many people find SQC difficult to imple-
ment, especially in small laboratories and in Point-of-Care (POC) 
applications, because of the cost, training, and data calculations 
that are needed.  

US CLIA regulations administered by CMS (Centers for Medi-
care and Medicaid Services) have specified that the minimum SQC 
should be 2 levels of controls analyzed daily [1]. However, many 
Point-of-Care devices have relied on other types of “built-in” control 
mechanisms that manufacturers provide to monitor the performance 
of their analytic devices. In the 1990s, CMS allowed the use of daily 
electronic controls for POC applications. With the final CLIA rule in 
2003, CMS more formally defined an option called “Equivalent QC” 
that required laboratories employing electronic QC to analyze liquid 
controls at least weekly or monthly, depending on the documented 
stability of the particular analytic device. The details of “EQC” were 
provided in the State Operations Manual (SOM) which supplements 
the actual CLIA regulation [2]. 

 Manufacturers today provide more extensive built-in controls 
that may include integrated quality control samples that are auto-
matically sampled and processed internally by the analytic device, 
calibration checks, measuring system function checks, and electronic 
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14. Complying with CLIA QC 
Regulations

James O. Westgard, PhD
The CLIA regulations for QC are based on test complexity, which 
describes the difficulty of performing the test methodology.  For 
purposes of QC, there are three categories of test complexity: waived, 
non-waived, and Provider-Performed Microscopy (PPM, which is 
reserved for a selected group of practitioners).  For waived tests, 
the laboratory is supposed to follow the manufacturer’s directions, 
including any recommendations for QC.  For non-waived tests, 
the laboratory must comply with the CLIA requirements found in 
subpart K (Quality Systems for Nonwaived Testing) [1], which are 
shown at the end of this chapter.  

Prior to January 1, 2014, the CLIA regulations provided 3 op-
tions for compliance, which we call Default QC, Right SQC, and EQC:

• Default QC. Analyze a minimum testing of 2 levels of controls 
each day of patient testing, as specified in 493.125 (d)(3i).  

• Right QC. Establish QC procedures to monitor the accuracy 
and precision of the complete analytic process, establish the 
number, type, and frequency of testing control materials based 
on the performance  (precision, bias) verified by the laboratory, 
detect immediate errors that occur due to test system failure, 
adverse environmental conditions, and operator performance, 
and monitor over time the accuracy and precision of test 
performance that may be influenced by changes in test system 
performance and environmental conditions, and variance in 
operator performance, as described in 493.125 (a-c).

• EQC.  Implement a procedure for “equivalent quality testing” as 
stated in 493.125 (d), in accordance with CMS’s requirements 
for “Equivalent QC” (EQC) found in Appendix C of the State 
Operations Manual (SOM) 2 .   
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CLIA Regulations for Quality Control [2] 
§493.1256 Standard: Control procedures.

(a) For each test system, the laboratory is responsible for having control 
procedures that monitor the accuracy and precision of the complete 
analytic process.

(b) The laboratory must establish the number, type, and frequency 
of testing control materials using, if applicable, the performance 
specifications verified or established by the laboratory as specified 
in §493.1253(b)(3).

(c) The control procedure must (1) detect immediate errors that occur 
due to test system failure, adverse environmental conditions, and 
operator performance. (2) Monitor over time the accuracy and 
precision of test performance that may be in uenced by changes 
in test system performance and environmental conditions, and 
variance in operator performance.

(d) nless CMS approves a procedure, specified in Appendix C of the 
State Operations Manual (CMS Pub. 7), that provides equivalent 
quality testing, the laboratory must

( ) erform control procedures as defined in this section unless 
otherwise specified in the additional specialty and subspecialty 
requirements at §493.1261 through 493.1278. 

(2) For each test system, perform control procedures using the number 
and frequency specified by the manufacturer or established by 
the laboratory when they meet or exceed the requirements in 
paragraph (d)(3) of this section. 

(3) At least once each day patient specimens are assayed or examined 
perform the following for-

(i) Each quantitative procedure, include two control materials 
of different concentrations;
(ii) Each qualitative procedure, include a negative and positive 
control material;
(iii) Test procedures producing graded or titered results, 
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15. Developing a QC Plan
James O. Westgard, PhD

The concept of a QC Plan is good, but it is difficult to perform a 
proper risk assessment to implement a risk-based Individualized 
QC Plan!  There is an alternative approach in the form of a Total 
QC Plan that is more widely applicable, particularly for applications 
other than Point-of-Care testing.  In fact, we recommend the general 
application of Total QC Plans whenever Statistical QC procedures 
can be implemented for daily control.  

We use the term “Total QC Plan” for our approach to identifying 
and assembling control mechanisms to monitor the Total Testing 
Process, which includes pre-analytic, analytic, and post-analytic 
phases of the process.  Critical to this approach is optimizing or 
right-sizing the SQC procedure to assure detection of medically 
important errors, as described in chapter 11 and the application of 
Westgard Sigma Rules.  Compliance to the CLIA QC requirements 
is achieved by analysis of control materials and does not depend on 
formal risk assessment.  Nonetheless, a Total QC Plan can provide 
an effective approach for controlling the Total Testing Process by 
adding pre-analytic and post-analytic controls to the right-sized 
SQC procedure. 

The decision on whether to develop a Total QC Plan or Indi-
vidualized QC Plan should be made on the basis of your review of 
current QC practices and their compliance with the CLIA QC op-
tions, review of the manufacturer’s QC instructions and performance 
claims, as well as your assessment of the Sigma-metric of the test 
and test system.  The laboratory director must be involved in this 
decision because CMS specifically assigns the responsibility to the 
director 1 :

Per the existing CLIA regulations, the laboratory director is 
responsible for deciding whether the laboratory will utilize IQCP 
for some or all of its tests and for ensuring that the QCP he/
she develops effectively meets the IQCP requirements.  It is also 
incumbent upon the laboratory director to consider the laboratory’s 
clinical and legal responsibilities for providing accurate and 
reliable testing when approving and signing off on the QCP.  
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16. Evaluating Risk
James O. Westgard, PhD

If SQC is not performed each day of testing with at least 2 levels of 
control materials, the laboratory must develop a risk-based QC Plan 
to comply with the CMS option for Individualized Quality Control 
Plan (IQCP).  CMS requires no formal methodology, nor use of any of 
the common industrial tools such as Failure Mode Effects Analysis, 
otherwise known as FMEA.  In fact, the CMS/CDC guidance that 
was issued in 2015 [1] does not actually require risk assessment, 
only hazard identification.   You can download the CMS/CDC “Step-
by-Step Guide for Developing an IQCP” and only need to follow the 
3 CMS/CDC worksheets that were described in chapter 15.    

Nevertheless, in this chapter, we are going to describe how 
risk assessment should be done to improve the reliability of IQCPs. 

 Risk Management
The purpose is to identify specific susceptibilities, or failure modes, 
that may cause errors in test results.   Manufacturers attempt to 
identify those failure modes in the development of their test systems, 
eliminate them through design improvements and scheduled 
preventive maintenance, and integrate procedural controls or 
functional checks to detect failures and alert the operators to 
problems.  Such manufacturer controls should always be included in 
any QC Plan, but additional controls may still be needed because of 
the operating conditions for a test system in your laboratory.   The 
need for these other controls is the focus of risk-based QC Plans and 
the application of Risk Management concepts and principles to the 
Total Testing Process in the medical laboratory. 

Risk Management is widely used in industry, including the 
manufacturers of diagnostic test systems that are intended for use in 
medical laboratories.  The fundamental guidance for manufacturers 
of medical devices is found in ISO 14971 [2] and supplemented by 
CLSI EP18A2 [3], the latter being aimed at both device manufac-
turers and medical laboratories and is more readily available and 
readable by laboratory analysts.  The heart of Risk Management 
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17. Mitigating Risk
James O. Westgard, PhD

The previous chapter provided guidance for performing a Risk 
Assessment, recommending a 3 factor model that includes severity, 
occurrence, and detection; a ranking scale of 0, 1, and 2 for each 
risk factor; a risk calculation based on the equation SEV*OCC*(2-
DET); and a prioritization of calculated risks of 2 and greater (up 
to 8) for further actions.  Those targeted failure modes must then 
be addressed to mitigate their risks.  

Mitigating risks
Mitigation is the term that is used to describe an action to 
eliminate, lower, or prevent risk.  The strategies for reducing risk 
depend on the particular risk factor that is being targeted.  For 
example, manufacturers design their test systems to ensure safety 
characteristics (e.g., precision, bias, reportable range, etc.) are 
appropriate for the intended clinical use, plus provide information 
for safe use of test results (specimen types, reference ranges, 
possible interferences, sample requirements, known limitations, 
etc.).  Manufacturers reduce occurrence by making improvements 
that eliminate failure modes during the design and production of 
new test systems and by recommending preventive and corrective 
actions in their instructions for use.  In situations where occurrence 
of failures cannot be entirely eliminated or prevented, manufacturers 
add controls to detect and alert the operators of potentially harmful 
conditions.  

Laboratories have fewer options for mitigating risks.  Figure 
17-1 outlines the laboratory strategies:  

• First, for occurrence, the laboratory must confirm that safety 
characteristics are appropriate by performing validation 
studies.   To accomplish this, the laboratory should define 
the quality required for the intended clinical use, evaluate 
imprecision and bias, and calculate a Sigma-metric to assess 
quality on the Sigma scale.  Note that a laboratory cannot 
modify a manufacturer’s method or instructions for use unless 
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18. Implementing Repeat Patient Test 
Controls

James O. Westgard, PhD
In the approach for developing QC Plans discussed in these lessons, 
the laboratory should preferably implement SQC whenever possible 
in order to comply with the CLIA QC option of analyzing two levels 
of controls per day.  If the laboratory implements a Statistical QC 
procedure that satisfies this “default” option, a formal risk assessment 
is not required and a Total QC Plan can more easily be developed to 
monitor the Total Testing Process.  If SQC cannot be implemented 
for daily operation, then the requirements for an Individualized 
QC Plan must be satisfied – risk assessment, QC Plan, and quality 
assurance plan.   

While there are many control mechanisms recommended in 
the CLSI EP23A “QC Toolbox” 1 , only a few of those controls (other 
than the manufacturer’s built-in controls) are practical in POC set-
tings where IQCPs are most likely to be used.  One control that we 
recommend is the Repeat Patient Test (RPT) control, which makes 
use of existing patient samples.

The re-testing of patient samples is intuitively understood by 
analysts and operators as a check on the variability of a test.  An 
RPT can monitor the effects of operator skills, reagents, test system 
components and functions, and environmental conditions.   The fact 
that real patient samples are tested means there is no issue with the 
commutability of samples, in contrast to concerns about the behavior 
of the stabilized control samples that are used for Statistical QC and 
Proficiency Testing.   On the other hand, there will be an issue with 
the stability of fresh samples.  Repeat testing must be performed 
within the time period of known sample stability.  Manufacturers 
typically specify that time period in their directions for use and 
laboratories can experimentally verify stability by retesting samples 
repeatedly over a period of hours or even days.   

In principle, the RPT control has many of the capabilities of 
SQC procedures without requiring separate control materials.  It 
also has potential limitations due to the instability of samples that 
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19. Developing a QA Program to 
monitor the QC Plan

James O. Westgard, PhD
Remember, an Individualized QC Plans requires 3 components – a 
Risk Assessment, a QC Plan, and a Quality Assessment (QA) plan [1].  

CMS has approved a procedure which permits laboratories 
to develop and customize quality control procedures in their 
healthcare setting.  This procedure is termed Individualized 
Quality Control Plan (IQCP).  An IQCP is comprised of three 
parts, a risk assessment (RA), a Quality Control Plan (QCP), and 
a Quality Assessment (QA) plan.  he A is the identification and 

Total QC Plan
Right-Sized SQC 

Pre- & post-analytic controls

Individualized QC Plan
(1) Risk Assessment

(2) QC Plan
(3) QA Plan

Monitor Performance, Quality, 
and Safety

Improve Quality & Safety 

Audit QC Practices

Validate Safety 
Characteristics

Determine Sigma Quality

Analyze
2 levels of 

controls/day?

Figure 19-1.  Approach for developing Total or Individualized QC Plans
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20. Monitoring Quality with EQA and PT
David Plaut, BA and James O. Westgard, PhD

The discussion of quality control in earlier chapters has focused 
on data and results from a single laboratory. Such “internal QC” 
or “intra-laboratory QC” is essential for detecting problems that 
arise during the routine operation of laboratory methods. Those 
problems are caused by the instability of the method, i.e., changes 
in performance compared to what was observed earlier. In essence, 
internal QC compares laboratory performance to itself over time, 
assuming that the performance observed earlier represents correct 
or accurate test results. This assumption should be confirmed by 
method validation experiments and must be verified on a continuing 
basis by “external quality assessment programs.”

The CLSI C24-A3 document on principles of SQC [1] recom-
mends that laboratories participate in EQA programs:

9.0 Interlaboratory QC Programs: When laboratories share a 
common pool (lot number) of control materials and report the 
results to an interlaboratory program, a database is created that 
yields statistical information, which may be used to describe 
or define: ( ) intralaboratory and interlaboratory imprecison; 
( ) individual laboratory bias relative to a peer group; and 
(3) relationship of analytical and statistical parameters of 
imprecision and relative bias to medical requirements. For 
laboratory self-evaluation, peer-related bias and relative 
imprecision are useful parameters. Participation in an 
interlaboratory program provides an effective mechanism to 
complement external quality assessment (proficiency survey) 
programs…

What is external quality assessment?  
In an external quality assessment program, a group of laboratories 
analyze the same specimens (usually the same control materials, 
exact same lot numbers) and submit their results to a central 
facility where the data are examined for outliers, and means and 
SDs are calculated to characterize the performance of the group of 
laboratories, and reports are generated to compare the performance 
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21. Implementing a Quality Management 
System

James O. Westgard, PhD
Quality management has been described as the implementation of 
the scientific method, or the Plan-Do-Check-Act cycle (PDCA) [1].  
Our formulation of the PDCA cycle is represented by components for 
Quality Laboratory Processes, Quality Control, Quality Assessment, 
Quality Improvement, and Quality Planning – all of which are 
centered on the Quality Goals, objectives and requirements to be 
achieved by the medical laboratory.  Quality management involves 
the policies, processes, and procedures that are needed to organize, 
implement, and support laboratory testing.  Quality assurance is 
the outcome of this quality management process.  

From these lessons, it should be clear that the achievement 
of quality is a complex process and doesn’t happen by chance.  It 
takes well-planned and well-managed activities to achieve quality.  
Quality Control is just one part or component that is essential for 
quality assurance.  In turn, quality assurance depends on many other 
capabilities, as identified by the Quality System Essentials (QSEs) 
in the CLSI Quality Management System (QMS) model 2,3 .  The 
QMS model provides the “big picture” that describes all the activities 
that are necessary in a medical laboratory to guarantee the quality 
of laboratory tests and services.  

Like the CLSI QMS model, there are other guidelines from 
ISO 15189 [4] and the US CLIA regulations [5] that describe similar 
Good Laboratory Practices, but these guidelines and documents differ 
in their organization and their terminology.  The best guidance for 
quality management is an understanding of all these recommenda-
tions, guidelines, and rules, plus a practical perspective on what will 
work in the medical laboratory.  

The CLSI QSEs identify management requirements in terms 
of organization, personnel, equipment, purchasing and inventory, 
process control, information management, occurrence management, 
external and internal assessment, process improvement, customer 
services and satisfaction, and facilities and safety.  The ISO man-
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22: Managing pre- and post-analytical 
quality

Sten Westgard, MS
“Happy families are all alike.  Every unhappy family is 
unhappy in its own way.”  
Leo Tolstoy, Anna Karenina

Great Russian novels have their uses. In laboratories, analytical 
errors are mostly all alike: every method has some amount of 
analytical error, in the form of systematic and random error. As 
noted in previous chapters, there are reliable ways to monitor, 
control, and improve the analytical process. (Believe it or not, this 
is the Happy part)

But when we discuss pre-analytical and post-analytical error, 
each laboratory has pre-analytical errors in their own way (This is 
the Unhappy part). Of course, the many differences in pre-analytical 
error are to be expected. While the analytical process is essentially the 
same in each laboratory (the instruments and methods are designed 
to perform the same process), the path that the patient specimen 
takes to reach that instrument is unique to each healthcare setting. 
And often the return of the test result also has its own unique path 
and ends up on a one-of-a-kind report. 

Accordingly, since the problems tend to be unique, the solu-
tions must often be customized. This makes it more challenging to 
describe guidelines for pre-analytical and post-analytical problems. 

Errors Outside the Box
The definition of what constitutes a pre-analytical and post-analytical 
error can also be confusing. Recently, the literature has defined 
not only pre-analytical errors, but pre-pre-, pre-, post-, and post-
post- analytical errors. Analytical errors are often narrowly defined 
as errors “in the box,” which occur only within the laboratory and 
sometimes only during the actual analysis step when the specimen 
is inside the instrument. Everything else is outside the box.
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23. Assuring the Right Quality Right 
James O. Westgard, PhD, Sten Westgard, MS

The previous chapters (we hope) gave a lot of information about 
quality control and the way it is used and the way it should be used. 

It may seem overwhelming at first. 

In this chapter, we’re going to try and summarize key points 
and turn them into actions you can take now. So we’re going to give 
you some “Top 10” lists, which are so popular in our media and lit-
erature. These should help you remember all the information from 
the previous chapters in an easy way – but remember to go back 
and look at those chapters whenever you have questions.

Doing the right QC right is not easy!  It takes a lot of study to 
understand the concepts and principles, then even more hard work 
to master the details of calculating the data, setting up the control 
charts, selecting the right control rules, and implementing QC right 
in the daily operations in the laboratory.  Then there may be difficul-
ties in convincing others that changes or improvements are really 
needed in the QC practices already in use in the laboratory.  You 
will hear many reasons given why you can’t change what’s being 
done.  Here we’ll try to address the most common complaints, com-
mon problems, and needs for improvement.  These are our “top-ten” 
lists.  Unfortunately, they could be much longer in the real world, 
but the “top ten” should be sufficient to help you understand the 
both the problems and the difficulties of making improvements in 
your laboratory.

Common Complaints

#1 Q-Complaint.  Why do we need to change QC?  We’ve 
always done it this way!
Q-Answer.  Change is always difficult and especially when basic 
concepts and principles are understood.  QC has often been taught 
as a set of traditions handed down from one analyst to the next.  
After so many “hand-offs”, it’s possible that the original ideas and 
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