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Veterinary

Laboratory Quality

Basic Principles and Selected Topics

A long-needed reference for Laboratory Quality in Veterinary Medicine.

For decades, the Veterinary Laboratory has relied on teachings adapted from the human
laboratory. However, the differences between veterinary and human testing, distinct and growing in
complexity, have meant the utility of “traditional” reference books has declined. A specialized
Veterinary work has been long overdue.

At last, a Veterinary-Specific book on Quality is available. With the support and encouragement
of the ECVCP and ASVCP Laboratory Standards Committees and the Veterinary Information Network,
editors Drs Kathleen Freeman, Stefanie Klenner-Gastreich and Jérémie Korchia have assembled a
comprehensive reference for Veterinary Laboratories. Veterinary Laboratory Quality provides basic
principles, in-depth coverage of selected topics and issues specific for veterinary laboratories. It
provides a philosophical explanation of the authors’ approach to veterinary laboratory quality as well
as a practical approach to addressing the unique challenges of the veterinary laboratory. This single
comprehensive reference covers in 25 chapters what would require multiple volumes in human
laboratory textbooks.

The areas addressed include:
» Basic Quality Concepts
* Business Performance Metrics for the Laboratory
* Instrument, Method, and QC Validation
* In-clinic Laboratory Testing Tips
+ A Complete Introduction to Statistics for Veterinary Laboratories
* Special chapters on Biological Variation, Clinical Pathology, Cytology, Endocrinology
and LEAN Six Sigma

Together with the editors, the authors of Veterinary Laboratory Quality provide more than a dozen
experts with hard-won wisdom and practical insights into the unique field of Veterinary Laboratory Testing.

For Veterinary Laboratories, this is an essential reference.

Westgard QC, Inc.
7614 Gray Fox Trail
58395 Madison WI 53717
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https://www.westgard.com
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Preface

The 1dea for this book was originally based on the Laboratory Quality Man-
agement Course taught on VIN for a number of years and the experiences
of the editors in their own organizations in promoting and implementing
veterinary laboratory quality systems. It is not meant to be an exhaustive
review of various quality topics; it is meant to cover the basic principles of a
veterinary laboratory quality system and address veterinary-specific topics,
problems and concepts.

The intended audience for this book includes clinical pathologists
wanting to learn more about veterinary laboratory quality, as well as vet-
erinary laboratory technicians, residents in clinical pathology and internal
medicine specialties, veterinarians with in-cliniclaboratories and veterinary
technicians/ nurses involved in in-clinic laboratory testing. The principles
of veterinary laboratory quality apply whether the laboratory is a reference
laboratory, a university-based laboratory, a commercial laboratory or an
in-clinic laboratory.

In order to facilitate learning and provide some structure for the read-
er, each chapter has a set of learning objectives, a section emphasizing the
‘take-home message’ and a quiz.

Many chapters also contain ‘References’ or a ‘Further Reading and
Resources’ section to direct readers to various papers, books, websites or
other links that provide information about each chapter topic. We have
provided examples of various documents, spreadsheets or forms which can
be modified to suit the style and needs of the readers’ own laboratories.

We are grateful to the various authors that have provided chapters for
this book! They are all experts in the areas of their contributions.

We hope that this book will provide a place for many of you start on
your own ‘quality journey’ in your own veterinary laboratories.

Kathleen Freeman DVM, BS, MS, PhD, DipECVCP, FRCPath, MRCVS
Stefanie Klenner-Gastreich, Dr.med.vet, DipECVCP
Jeremie Korchia DVM, MSc, DACVP
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1:

Quality Systems and Philosophy

Kathleen Freeman and Stefanie Klenner-Gastreich

Quality is everyone’s responsibility.

— W. Edwards Deming, Quality Leader

Learning Objectives:

1.

Provide multiple definitions for ‘quality’ with regard to the
veterinary laboratory.

Discuss the importance of defining quality, quality goals and
philosophy.

Describe a quality system and its requirements.

Describe how your personality can affect your approach to quality
planning.

Discuss the minimum documentation required for a quality system.

What is the meaning of quality?

Several years ago, I was speaking to a meeting of general practitioners
in Finland about in-clinic laboratory quality. In our discussion
about the meaning of quality I had a GREAT response from one
veterinarian whoreferred me tothebook, Zen and the Art of Motorcycle
Maintenance by Robert Pirsig (in my opinion a must-read for anyone
interested in the philosophy of quality). His response was ‘When you
define quality you define yourself! That is truly a profound statement!

Quality may mean different things to different people. That
is why it is important to carefully define our own interpretation as
well as that of our clients and other stakeholders (management,
shareholders, employees, suppliers) and their needs with regard to
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laboratory quality. Clients’ expectations for quality will need to be
‘translated’ into the ‘language of the laboratory’ in order to accom-
plish your quality goals. Many veterinarians will not be in a position
to judge quality from the viewpoint of a laboratorian, whose focus
and training ideally include evaluations of imprecision, accuracy,
quality goals (total error, biologic variation, other), observed total
error and sigma metrics. The veterinarian’s focus will more likely
be on factors such as cost, convenience, turnaround time, ability
to talk to a pathologist on the telephone and provision of ‘useful
information’ in laboratory comments on various types of results.
This makes talking about ‘quality’ a challenge for all and careful
determination of the perceptions of all involved in the discussion is
needed to ensure that the conversations are at a level understood by
allinvolved! Sometimes client complaints or misunderstandings can
be resolved or minimized with good explanations and discussions of
the factors involved, root causes, the expectations of the laboratory
about the client and the client’s expectations of the laboratory.

What is a quality system and what does it require?

A generic mission statement that I provide for most veterinary
laboratories is: To provide within an agreed upon time frame,
accurate and reliable laboratory results that are perceived to be
good value for money. Each laboratory then has to decide how they
may differentiate themselves from other veterinary laboratories
and to provide this mission in a way that will ensure the continued
financial success of the laboratory and the continued ability to
conduct business that will provide for the needs of all stakeholders.
A quality system can be described as an exercise in documentation.
It can be defined as ‘a formalized system that documents processes,
procedures, and responsibilities for achieving quality policies and
objectives.” [What is a Quality Management System (QMS)? |
ASQ] It requires an organized approach, clear communication,
and minimum documentation that shows that the laboratory has a
quality system and that it is functioning and resulting in continuous
quality improvement over time. This documentation should be able
to ‘prove’ to all stakeholders that the laboratory has an organized
approach and quality goals that are being achieved. In addition, it
must show that problems are addressed, resulting in continuous
quality improvement within the laboratory.

Page 2
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Can you provide a high level of quality without having a
‘quality system’?

Yes, it is possible to provide an high-quality laboratory service
without having a system. Thisis more likely to be possible for smaller
laboratories with limited numbers of staff who closely collaborate.
It is rarely possible to achieve and sustain growth or have a larger
organization without instituting a more formal quality system to
ensure that working practices are standardized so that quality can
be maintained even when ‘crucial individuals’ are on holiday or
sick leave!

How does quality management provide for a personalized
approach?

Developing, implementing and/or managing a quality system will be
one of the most creative things you will ever do. If you are present
as the ‘guiding light’ for its development and implementation and/or
ongoing management, it will truly reflect your personality, preferences
and philosophy. Nowhere was that more apparent to me than in
my friend, Ernst Leidinger, and his laboratory in Vienna (formerly
In Vitro Laboratories). One of the first ISO-certified veterinary
laboratoriesin Europe, it truly reflected Ernst’s personal philosophy
with regard to quality, and his approach to processes and problem-
solving. I think you will find that will be the case for each of you
as you embark and sail on the every changing water ways of you
‘quality journey.’

Some of the personality traits and factors that will play a role
in your approach will include:

1. Are you a ‘lumper’ or a ‘splitter’ as a pathologist? A Tumper’ is
more inclined to have fewer, longer documents and Standardized
Operating Procedures (SOPs) that lump items together, whereas
a ‘splitter’ will have more numerous shorter documents and SOPs
that address single items. Bench Cards (abbreviated summaries
of step-by-step instructions) for both will be similar since these
summarize the step-by-step procedures for each item, whether
included in a larger SOP or more numerous, smaller SOPs.
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2. Are you tolerant of ambiguity or want to know the ‘fine print’ in
detail?

3. Areyoucomfortable with or have the ability to delegate some things
to trusted key individuals or will you have to manage the system
all on your own, in addition to other duties and responsibilities?
This will play a key role in how much you are able to accomplish
and how rapidly you are able to proceed.

4. What areas are most important to the financial stability of your
laboratory? These will need to receive a lot of attention since
financial successis necessary for any laboratory and quality system
to continue to function. The areas of emphasis and importance
may vary with the country or area of the country in which you are
located and/or the clientele that you already have or would like
to attract, as well as the organization you work for (university,
research laboratory, commercial laboratory or in-clinic laboratory).

5. Whatresources doyou have oris management willing to provide for
you in order to design, develop, implement and manage a quality
system? This will depend, in large part, on their OWN philosophy
of quality and quality systems. So, it pays to have open discussions
about this as part of the process!

6. Whatisyourapproach todealing with client complaints or questions
(hopefully you will learn more about this in this book)?

What documentation is required for a quality system?

Oneofthe most common dilemmas for a quality system is determining
the documentation associated with it. I always emphasize that one
of a leader’s jobs is to undertake the struggle of WHAT and HOW
MUCH documentation is truly needed to be able to demonstrate to
ourselves, our clients, and our management structure that we have
a quality system that is working to help achieve continuous quality
improvement. Continuous quality improvement should result in
saving time and money in the long run and helps ensure a high level
of quality service and communication with our clients. Recruiting
and retaining loyal laboratory clients in this age of ‘commodity
laboratory results’ is always a challenge!

Page 4
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2: Mission, Vision and Values Statement

Ben Sturgeon and Kathleen Freeman

People don’t buy what you do, they buy why you do it.
- Simon Sinek

Learning Objectives:

1. Describe reasons for having a written mission/vision and values
statement.

2. Describe why your mission, vision and values are important in
guiding your businessits development and evolution, prioritization,
and ways of working.

Why should | have a written mission/ vision and values
statement?

Your mission statement is likely out there already. It exists. It is
just not written down, and it is being misinterpreted by those who
do not yet know your organization well. In other words, if you don’t
give your employees (internal clients) and external clients the words
or phrases to convey your mission, they will do it in their own words
and their own ways. By writing down your mission statement, you:

*  Control the message
+  Clarify and focus your approach to your business

*  Provide a document to help guide your decisions on an ongoing
basis

*  Help define what quality means to YOU

*  Provide insight into your philosophy and values that will be
appreciated by others

Page 15
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One of my favorite quotes is from Simon Sinek in the TED
talk entitled ‘Start with why - how great leaders inspire action’
“People don’t buy what you do, they buy why you do it. He extends
the thought that the goal of people is “to do business with people
that believe what they believe” He further contends that ‘What’ you
do only proves what you believe.” He believes that loyal clients are
the result of people who want to be part of what you do! So, careful-
ly considering ‘why’ you do what you do as the basis for a Mission/
Vision and Values Statement is important!

What is a Mission/ Vision and Values Statement?

A mission statement is a short, meaningful phrase that summarizes
the purpose that drives your organisation. Similar to your business’
vision (the “what”) and values (the “how”), your mission statement
answers the question of “why” you do what you do. In addition to
helping you convey the purpose of your organization (and serve
as a branding tool), your mission statement can be used to attract
customers and employees. Importantly, it should be used to inspire
yourself and your staffto liveits values and consider how toimplement
them in daily activities and long-term planning.

Page 16
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3: Laboratory Quality Plan
Kathleen Freeman and Ben Sturgeon

You've got to know what you want. This is central to acting on your
intentions. When you know what you want, you realize that all there
is left then is time management. You’'ll manage your time to achieve
your goals because you clearly know what you're trying to achieve
in your life.

— Patch Adams (Founder of the Gesundheit! Institute, WV)

Quality is never an accident, it is always the result of high intention,
sincereeffort, intelligent direction and skillful execution, it represents
the wise choice of many alternatives.

— William A. Foster (US Marine, hero of Battle of Okinawa,
World War II)

Learning Objectives:
1. Describe the reasons for having a written Quality Plan.

2. Describe the general categories that need to be addressed in a
Quality Plan and give examples of what should be included in each
category.

What is a Quality Plan?

A Quality Plan is a statement of intent. It should be no more than
several pages long and deal with general statements of intent. For
example, job titles can be shown on an organizational chart, but
it does not name specific individuals since this may change with
time. General characteristics of equipment are included, but specific
instruments are not named since this may change with time.

The Mission/ Vision/ Values and Goals statement provided
the ‘why’ of your organization. The Quality Plan defines, in general
terms, the ‘how’ you are going to achieve your mission, vision and
goals while adhering to those things you value. The policies, stan-
dard operating procedures, reports, and forms define ‘what’ you do.

Page 27



Veterinary Quality Control, 1%t Edition

Common categories that should be addressed within the Quality

Plan are your intentions with regard to the

Page 28

Laboratory environment and culture

¢+ Name, location

¢ Clientele

+  Scope/ types of testing

¢+ Special considerations based on location or activities
¢+ Laboratory culture that you want to promote

¢+ Organizational chart

¢+  May include your Mission/ Vision/ Values and Goals
Statement (or this may be separate)

Facilities and Resources

¢ Physical facilities

¢+ Resources other than physical facilities
Equipment

¢+ General categories/types of equipment
¢+ General approach to equipment

Personnel

¢+ General personnel characteristics and specifications
¢+  Level of expertise
¢+ Training

Health and Safety

¢+ Adherence to local and national health and safety
regulations

¢+ Special considerations for your veterinary laboratory
Working Practices
¢ Policies

¢+ Standard Operating Procedures
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4: Theory of Change and Logistical
Frame Model
Ben Sturgeon

It is not knowledge, but the act of learning, not possession but the

act of getting there, which grants the greatest enjoyment.
— Leonhard Euler 1808 (Founder of Pure Mathematics)

Most of the heuristics (rules of thumb) that humans use lead to bad
judgements and biased decisions.

—Marcus du Sauto (Distinction Professor of Mathematics
at the University of Oxford)

Learning Objectives:
1. Know reasons for having a Theory of Change.

2. Understand how a Theory of Change enables you to review your
business plan and develop appropriate monitoring and evaluation.

Why should | have a written mission/ vision and values
statement?

In considering your Quality Plan and in delivery of your Mission and
Values Statement, use of a Theory of Change can outline and define
both parts. Importantly this may also indicate areas of weakness,
within your overall approach, and identify different means of
evaluating performance.

What is a Theory of Change?

A Theory of Change defines a pathway or pathways that guides
thinking about how and why a (complex) change happens. Because it
hasn’t necessarily happened yet, we are using our knowledge, ideas
and external evidence to create a theory of how this change happens.

Page 37
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In a laboratory business we may decide that our mission is to
provide accurate and reliable results, in a cost effective and timely
way, by expert trained professionals, tolead changein animal welfare.

A Theory of Change is a framework that views reaching the
mission goal as a purposeful and constructed sequence of events
rather than something that could be viewed as chaotic, unmanage-
able, or happening by chance.

How do | get started on a Theory of Change?

A Theory of Change is a longitudinal (backwards) mapping exercise
from a perceived goal/ mission/ objective as in your Mission (and
Values) statement.

It should highlight the different steps you take to achieve this
end goal by outlining individual, and linked actions; some of these
should be or are outlined in your Quality Plan. These include:

Inputs (i.e. funding to set up the laboratory)

+  Activities (actual work done)

+  Outputs (result of the work)
Outcomes (wider tangible benefits or effects of the output)
Impact or Mission Statement (wider benefit of the outcomes)

+ Assumptions (what each step relies upon — i.e. money spent
will result in activity, that running a test will provide a useful
or diagnostic result)

This can also be described as a “results chain” and be demon-
strated:

INPUT W) ACTIVITIES B = ouTPUT WP NUIT(HITSN mp [TV

At each stage we can add the specific expectations:

Page 38



Westgard QC, Inc., Copyright © 2024

5: The Laboratory Environment
Emma Hooijberg

Something impractical cannot be beautiful

— Otto Wagner

Learning Objectives:

1. Explain the basic principles that contribute to the design of a
laboratory.

2. Explain how maintenance of laboratory equipment should be
documented.

3. Describe basic maintenance procedures for core laboratory
equipment.

4. Describe factors that should be considered when acquiring
instruments and equipment.

5. Give examples of laboratory hazards and explain how to prevent
them.

What should a veterinary diagnostic laboratory look like?

Alaboratory should be designed to optimize sample flow and provide
asuitable environment for laboratory equipment. Personnel comfort
within the laboratory space must also be catered for. The laboratory
space should be well-lit, well-ventilated, and be temperature-
controlled. A first-aid kit and fire-control equipment should be
present, in line with local regulations.

Sample flow should physically follow the steps in the testing
process, with the sample reception and acquisition space leading
to the areas where sample preparation and analysis takes place,
which in turn are connected to the area where samples are stored
and washing of equipment occurs.
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The sample reception area should provide enough space to
unpack and label samples and should contain at least one computer
terminal and the paperwork necessary for sample acquisition. Where
possible, instruments should be placed in a separate room or rooms.
Large equipment should be placed on the periphery of a room and
should be positioned with enough space for technicians to access all
parts of the instrument, if necessary. The use of laboratory benches
that form part of a modular system, and can be moved around to
reconfigure spaces, is recommended.

Allinstrumentsrequire a stable, grounded supply of electricity.
Most instruments are accompanied by a computer terminal, which
needs to be taken account when planning the number of electrical
points needed. A good rule of thumb is to provide 10 plug points per
160 m of bench space, with 50% of these allocated to computers,
printers, and other information technology (IT) equipment. In areas
where electricity supply is not always reliable, a back-up generator
and uninterruptible power supply (UPS) units may be required.

Some instruments require a water supply. The quality of
this water should meet the specifications of the instrument, which
generally means it should be purified to a certain standard. Water
quality checks should be carried out regularly, as poor-quality wa-
ter can affect the accuracy of results. Provision should be made for
disposal of biological and chemical waste. Waste disposal should be
guided by local regulations.

Once analysis has been completed, samples may need to be
stored. The sample storage area should be well-organized, and sam-
ples should be stored at the optimum storage temperature for each
sample type. If paper records are to be kept for a certain amount of
time, an area should also be set aside for archiving.

In terms of providing an optimal environment for personnel,
there should be easy access to rest rooms, to a space where staff can
take breaks and eat and drink, and quiet areas where personnel can
perform tasks without background noise and interruption.
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6: Documents, Documentation, and
Document Control

Kathleen Freeman

Documentation is like sex: when it is good, it is very, very good,; and
when it is bad, it is better than nothing

—Dick Brandon (Sky Sartorius 2022. MATLAB Style Guide Wiki access and search
function (https://www.mathworks.com/matlabcentral/fileexchange/40795-
matlab-style-guide-wiki-access-and-search-function), MATLAB Central File
Exchange. Retrieved February 27, 2022.)

Learning objectives:
1. Define a document and documentation.

2. Give examples of various documents that apply to the veterinary
laboratory.

3. Describe the functions of document control.
4. List advantages of a document control system.

5. Describe key aspects of a document control system.

Introduction

A formal document control system may be daunting when first
considered, but can provide many benefits to any veterinary
laboratory, regardless of its size and/ or complexity. Like a lot of
quality initiatives described in this book, it may require a concerted
effort to organize and compile a document control system. But it will
provide many benefits, as detailed below. Start with one department
orone areaofthe laboratory. It may be as simple as organizing things
in folders and notebooks or on a computer or laboratory information
system. Some may prefer to use purpose-designed computerized
document control systems. It is up to you to design the document
control system that is suitable for your organization.
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What is a document and what is documentation?

A document is a piece of written, printed, or electronic matter that
provides information or evidence or that serves as an official record
(Oxford Languages Dictionary—define document—Search (bing.com)).

There are a variety of documents and documentation that
should be part of the laboratory quality system and subject to doc-
ument control as part of the ongoing quality management process.

What are documents of the veterinary laboratory?

In the laboratory documents and documentation include training
materials, training records, competency assessment records, ongoing
evaluation records, health and safety regulations and records,
Standard Operating Procedures, Policies, Laboratory and Instrument
Records (Ex: Temperature charts, maintenance records, instrument
performance evaluation records, EQA and QC results and records,
etc) and forms, improvement opportunity forms, Instrument and
reagent package inserts, ordering and inventory records, books
and publications and recorded presentations and other things that
are used within the laboratory. The laboratory user information
brochures, advertising information, newsletters and price lists
and laboratory reports are also part of laboratory documents and
documentation.

Documentation should follow the ‘Goldilocks rule’ — it should
not be too little or too much; it should be just right’ for the job! So,
it is up to you, as a leader and manager to help determine what is
required and what constitutes just right’ for your organization and
your laboratory.

What is document control?

Document control is the set of measures that explain and guide
the preparation, approval, release, distribution, access, storage,
security, review, alteration, withdrawal and disposal or archiving
of documents.
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7: Improvement Opportunity Form
Kathleen Freeman

Hard work spotlights the character of people: some turn up their
sleeves, some turn up their noses, and some don’t turn up at all.
— Sam Ewing, American writer and humorist

Itisnotgoodenoughforthinstobeplanned—theystill haveto bedone, for
theintentiontobecomeareality,energyhastobelaunchedintooperation.
—Walt Kelly, American animator, cartoonist and satirist

Learning objectives:

1. Describe why an Improvement Opportunity Form (IOF) is a ‘good
place to start’ for a quality system

2. Describe the information that should be documented on the IOF

3. Describe why the follow-up section(s) of an IOF may be the most
important part of the form

4. Describe import aspects that help ensure that an IOF is used and
useful

Why should | have an Improvement Opportunity Form
(IOF)?

Now the hard work starts! You may have found production of your
Mission/Vision/Values and Goals statement (the ‘why’) and your
Quality Plan (the ‘how’) to be difficult but vital parts of your personal
and organizational journey in achieving a quality culture, but now
the ‘what’ you do comes into play with design of your documents and
documentation! For many laboratories wanting to establish a quality
system, the overall project may be daunting. The place I usually tell
them to start is with the Improvement Opportunity Form (IOF).

The IOF is used to document and manage response to ANY
problem that may arise or toregister any idea that may help improve
quality. It goes beyond mere recording of ‘errors’ (reporting wrong
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results, near-misses that did not get reported or other problems
detected) or ‘nonconformities’ (we did not do what we said we would
do). IOF's can help minimize or eliminate gossiping or complaining
within the laboratory — if it is important enough to be talked about
or to complain about, then a form should be generated to address
it! Like any forms or suggestions, it is important that the submitter
gets rapid feedback regarding the submission. Not all ideas may
be acted upon, but should be respectfully considered. If the IOF is
addressing an error, problem or client complaint, prompt submission
(same day as the item is identified) is required in order for these to
be addressed in a timely manner.

An improvement opportunity form helps document that the
quality system is in place and that it is working and resulting in
continuous quality improvement, one of the goals of any quality
system! Failure to fill in an Improvement Opportunity Form when
a problem occurs or when an idea for improvement is present is a
failure for all of us since an opportunity to provide continuous quality
improvement is lost and is subject to disciplinary action if a problem
1s known to be present but not reported.

Documentation of problems may help highlight a need for
additional resources or funding to help address recurring problems,
increase efficiency and effectiveness, and demonstrate processes or
patterns or working that may not be in the best interest of the or-
ganization. This may help convince upper management of the need
for additional resources or allocate additional funding to address
problems, determine risk associated with recurrent problems and
demonstrate the effectiveness of actions, projects and processes
undertaken to address problems and/or initiate improvements.

What should be included on an IOF?

Elements that should be included on an IOF should help in
categorization of the type of problem, its severity, whether or not a
‘bad result’ was reported and action that was taken as an immediate
response, if needed. In addition, sections are needed for root cause
analysis, additional preventive and/ or corrective actions based on
the underlying cause, and additional follow-up to determine if the
additional preventive and/ or correction actions are effective in
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8: Instrument Logs and Documentation
Kathleen Freeman and Clare Doyle

Without data, you are just another person with an opinion.
—dJ. Edwards Demings

Learning objectives:
1. Describe the benefits of keeping an instrument log.

2. Describe the various aspects of instrument maintenance and
documentation logs.

Introduction

Record keeping often is the thing that first falls by the wayside
when time is short, fuses are short and frustration is high. This
chapter will touch on why keeping logs for each instrument in the
laboratory are important.

Why do | need an instrument log?

Itis easyto skip over routine maintenance forlaboratory instruments
on a busy day. However, routine maintenance and cleaning, with
calibration, replacement of parts, tubing or other adjustments, or
reagent replacement, as indicated, is vital to ensuring that the
instruments have a long lifespan and perform well daily and over
an extended period of time.

This can be recorded on an instrument log spreadsheet with
initials of the technician responsible for the indicated schedule. A
paper chart or excel spreadsheet can be prepared at the beginning
of each calendar year, with a tab for instructions, including routine
calibrations, reagent replacement schedule, and routine maintenance
schedule (daily, weekly, monthly, bi-annually, annually, etc) placed
in the appropriate month tab and day of the week upon which it
should be done. The log should include a space for any additional

Page 75



Veterinary Quality Control, 1%t Edition

actions taken, such as manufacturer’s servicing, parts replacement
or other adjustments. Use of excel spreadsheets provides a record
that can be stored electronically as part of the necessary laboratory
documentation and reviewed by management as part of the ongoing
laboratory quality system.

These logs can be a valuable resource to determine ‘common’
things that affect instrument/ method performance. They provide
a unique ‘history’ for each instrument, the instrument ‘health’ and
‘diseases’ to which it may be predisposed based on design or indi-
vidual instrument variation. If experienced personnel are always
present in the laboratory, they may already have a feel for what to
check when things go wrong. However, if less experienced operators
are present, an instrument log may be of benefit to them since they
will want to check for ‘common things’ first. The clinical maxim is
‘when you hear hoof beats, initially think of horses, not zebras’... so,
you eliminate the common things (horses) first, before concluding
that a zebra (less common occurrence) is present!

QC violations can be included in the instrument log or as
a separate log. Instrument maintenance and documentation log
examples are provided with this chapter. Part of problem-solving
with QC includes the ability to determine when there have been
actions (such as calibrations, opening new control material, parts
replacement, new reagents, etc) that may affect performance of an
instrument/ method. Consulting the instrument maintenance and
documentation logis animportant part of troubleshooting failed QC.
There may be a reason for a change in performance recorded there!
If not, then other sources for system instability can be investigated!
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9: Standard Operating Procedures
(SOPs)

Stefanie Klenner Gastreich

If you think of standardization as the best that you know today,
but which is to be improved tomorrow to you get somewhere.
— Henry Ford

Learning objectives:

1. Describe what SOPs are and the circumstances in which they are
useful.

2. Discuss who should be the author of an SOP.

3. Describe the structure of an SOP and why a certain structure is
needed and is helpful.

How does standardization of processes facilitate laboratory
work?

SOPs are written instructions which describe in detail how to perform
a task according to the standard of the laboratory in which the task
is performed. Although many SOPs across veterinary laboratories
will be similar, there may be differences based on the preferred way
of doing things within each individual laboratory. SOPs provide a
step-by-step instruction on how a job needs to be done and, thereby,
are based on general Good Laboratory Practice (GLP) principles,
regulatory guidelines (if present), and Health and Safety aspects. The
target person to read an SOP are those persons who shall perform
the job/task which is described in the SOP.

Every kind of process or procedure in a laboratory can benefit
from a written SOP. These can start with sample submission, con-
tinue to SOPs for analytical procedures, and include postanalytical
evaluations. Here are some examples for such SOPs: 1) SOP for
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sample submission, 2) SOP on how to perform a complete blood count
by using hematology machine XYZ, 3) SOP on how to validate and
release results of analyzer XYZ.

But SOPs are not restricted to the description of the direct
laboratory work; every other aspect of managing a laboratory can
benefit from clear structures and outlined performance descriptions.
Human resource aspects can be managed by using SOPs and are
especially important for onboarding of new personnel and for peri-
odic performance evaluations of all staff in order to establish and
maintain the high quality of the laboratory work.

Why do we benefit from SOPs?

Writing SOPsis alot of work. Itis time consuming and labor intensive
and removes the author from doing other activities during the time
of writing the SOP. To assure that people writing the SOP and staff
finally using the SOP are motivated and supportive of SOPs, it is
helpful if they understand the SOP’s usefulness. Firstly, written
procedure instructions help to avoid doubt as to how a respective
task needs to be performed as they clearly describe every step in
the process. They enable the person undertaking the operation to
perform it in a correct, safe, and healthy way. Outlined performance
descriptions can also be useful as historical records. The lab can
review how a respective task was performed in the past. Such
information might be useful in trouble shooting processes, in the
evaluation of customer complaints or other observed incidents or
activities within the laboratory. Written SOPs provide the basis for
consistency if the person who usually performs the task is absent
during holidays, on sick-leave or changes job positions. Consistency
assures maintenance of high quality of the lab tasks and limits
failure and error rates, which can ultimately become very costly for
alaboratory. In the case of regulated activities (i.e. GLP), adherence
to SOP is required for the laboratory to be in compliance with the
regulations. Anotherimportant, and very beneficial aspect of SOPsis,
that they can be used for training. New staff can easily be informed
about how a particular task needs to be performed. And, during
ongoing competency assessments, SOPs can serve as checklist for
the auditor to evaluate if the member of the staff performs the task
correctly.
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10: Preanalytic and Postanalytic phases
of Laboratory Testing. “The Chain of
Quality”

Jennifer Matlow

The weakest link in a chain is the strongest because it can break it.
— Stanislaw Lec, poet

Learning objectives:

1.

Discuss the concept of the brain-to-brain loop and how this can
inform the roles and responsibilities of the clinician, laboratorians,
and clinical pathologists in maximizing the quality of laboratory
testing.

Described the major phases of laboratory quality, including pre-
pre-analytical and post-post-analytical.

List the components of the pre-analytic and post-analytic phases.
Based on these, describe how to develop monitoring systems for
laboratory errorsin order to prevent and correct common problems.

Introduction: What is a Brain-to-Brain Loop?

The “brain-to-brain loop” is a concept devised in human laboratory
medicine that refers to the interplay of the clinician’s, patient’s, and
laboratorian’s thought processes. In this widely accepted conceptual
framework, the generation of any laboratory test result consists
of ten steps of the Total Testing Process (TTP): test order, sample
collection, sample identification (at several stages), transportation,
sample preparation, analysis, results reporting, interpretation,
action, and patient outcome.[See Figure 1]. Those steps prior to
analysis (the analytical phase defined as the test modality itself,
such as the operation of the biochemistry analyzer or an ELISA)
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are collectively termed the pre-analytical phase and those after
analysis, the collective post-analytical phase. The pre-analytical and
post-analytical phases are often more difficult to monitor for quality
assurance than the analytical phasebecause there are multiple steps
occurring in both the clinic and the laboratory, and thus quality
assurance is a shared responsibility across different locations and
personnel organizations. Minimization of pre-analytical errors is
vital to ensure that appropriate, high-quality biologic samples are
submitted for testing (for example, that blood entering the hematology
analyzer is not hemolyzed from venipuncture technique, from
prolonged storage/ transit under adverse environmental conditions,
or from any inappropriate storage media). Several studies have
measured the pre-analytical phase as comprising the highest share
(up to 70%) of all laboratory error, warranting increased attention
to, and documentation of, this phase. On the post-analytical end,
it is easy to conceptualize how errors in results verifications, data
entry, reporting, and the subsequent clinical actions based on test
results can lead to misdiagnosis with potentially grave consequences
for the patient.
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Figure 1. lllustration of the Total Testing Chain and ‘brain-to-brain” loop in
association with laboratory testing
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11: LEAN Inventory Management
Systems

Amy Browne

The best approach is to dig out and eliminate problems where they
are assumed not to exist.

— Shigeo Shingo

Learning objectives:

1.

® N ok W

Discuss the concept of and focus of LEAN.

Describe the principles of operation and implementation of 5S in
the workplace.

Explainthe 5 Steps: Sort, Simplify, Shine, Standardize and Sustain.
Define Waste according to LEAN principles.

Explain the acronym: TIMWOODS.

Describe Kanban Inventory Management Systems.

Perform Kanban Calculations.

Describe the Step-by-Step Kanban Implementation Process.

Page 119



Veterinary Quality Control, 1%t Edition

Introduction

Theconcept of LEAN s focused on a culture of continuousimprovement
of acompany’s processes. While LEAN thinking can greatly improve
the productivity and function of a team or department, LEAN
improvements that are implemented across the entire organization
have the greatest impact on the customer.

A LEAN organization is one that understands the needs of the
customer and focuses its key processes to continuously improve on
this. The goal is to provide absolute value to the customer as well
as the business becoming as efficient as possible through a process
that has limited waste.

What is LEAN manufacturing?

LEAN manufacturing is a production method that focuses on
minimizing waste while maximizing productivity. Waste is defined as
anything that does not add value to the customer or to the business.
This waste can be a process, activity, product, or service that requires
an investment of time, money, or skill and that, in turn, does not add
value to the overall outcome. LEAN manufacturing is made up of
many concepts; two of the most popular of these are 5S and Kanban.

What is 5S?
‘A place for everything and everything in its place’

5S methodologies (Seiri, Seiton, Seiso, Seiketsu and Shitsuke), is a
LEAN manufacturing concept conceived in Japan and is one of the
most suitable methods for cleaning, organizing and standardizing
processes and organizations allowing for work to be carried out
safely and more efficiently.

5S should be considered a pre-requisite for all LEAN manu-
facturing. You should not attempt to implement LEAN principles in
an organization without first understanding 5S. The initial imple-
mentation process requires minimal financial investment, however
a successful 5S program requires planning, discipline, organization
and, above all, commitment to see the benefits.
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12: The Role of the Veterinary Clinical
Pathologist
Kathy Freeman

We profess to teach the principles and practice of medicine, or, in
other words, the science and art of medicine. Science is knowledge
reduced to principles; art is knowledge reduced to practice. The
knowing and doing, however, are distinct ... Your knowledge,
therefore, is useless unless you cultivate the art of healing.
Unfortunately, the scientific man very often has the least amount
of art, and he is totally unsuccessful in practice; and, on the other
hand, there may be much art based on an infinitesimal amount of
knowledge, and yet it is sufficient to make its cultivator eminent.
— Samuel Wilks

....Medicine is at once an enormous business and an exquisitely
human endeavor; it requires the ruthless efficiency of the modern
manufacturing plant and the gentle hand-holding of the parish
priest, it is about science, but also about art, it is eminently
quantifiable and yet stubbornly not.

— Robert Wachter

Learning objectives:

1. Reflect on the multiple potential roles of the veterinary clinical
pathologist.

2. Reflect on the potential roles and how they may contribute to your
ongoing personal and professional growth and job satisfaction.

3. Reflect on the potential roles and how using veterinary clinical
pathologists in those areas that appeal to them may help with
recruitment and retention.
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Introduction

This chapter represents my personal thoughts on and approach
to the role of the veterinary clinical pathologist in the laboratory.
I believe that recognition of the multiple roles of the veterinary
clinical pathologist and the need for participation in multiple roles
isimportant in achieving job satisfaction. Time needs to be allocated
for clinical pathologists tobe involved in non-fee-for-service activities.
Such participation should reap benefits in overall laboratory
quality, which should result in cost savings due to increased client/
stakeholder satisfaction, ability to recruit and retain veterinary
clinical pathology residents and clinical pathologists, as well as give
back tothe veterinary community and clinical pathology community.

The recruitment and retention of veterinary clinical pathol-
ogists has been difficult for most of my professional career and
llustrates the need to change the current paradigm in veterinary
commercial laboratory practices and some residencies in veteri-
nary clinical pathology for only service activities. Sometimes these
service, income-producing activities are extremely restricted (very
high emphasis on cytology), resulting in burnout and dissatisfac-
tion. Investigation of the individual interests of veterinary clinical
pathologists and the roles with which they may want to engage
within the organization may help with recruitment and retention
and with providing long-term job satisfaction and avoiding burnout
due to excessive pressure associated with unrelenting high service
expectation.

Roles of the Veterinary Clinical Pathologist

Clinician pathology in veterinary medicine is a relatively ‘young’
discipline, but onethat hasbeen recognized as a valuable contribution
to the practice of veterinary medicine based on knowledge of
veterinary laboratory testing, its advantages and disadvantages,
selection of tests applicable for a given clinical and financial situation,
and interpretation of the findings that may help guide decisions
about recognition of health and disease, diagnosis, monitoring and
response to treatment.
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13: Basic Quality Concepts and

Vocabulary
The Language of the Laboratory

Kathleen Freeman and Jérémie Korchia

The limits of my language are the limits of my mind. All I know
is what I have words for.
— Ludwig Wittgenstein (Austrian-British philosopher who
worked primarily in logic, the philosophy of mathematics,
the philosophy of mind, and the philosophy of language)

The limits of my language are the limits of my universe.
— Johann Wolfgang von Goethe

A man with a scant vocabulary will almost certainly be a weak
thinker. Thericher and more copious one’s vocabulary and the greater
one’s awareness of fine distinctions and subtle nuances of meaning,
the more fertile and precise is likely to be one’s thinking. Knowledge
of things and knowledge of the words for them grow together. If you
do not know the words, you can hardly know the thing.

—Henry Hazlitt, Thinking as a Science (American journalist

who wrote about business and economics)

Learning objectives:

1. Discuss why ‘laboratory error’ is an insufficient explanation for
unexpected deviations in laboratory results.

2. Discuss the three major categories of laboratory error.

3. Describe the relationship of the categories of laboratory error and
the qualitative concepts of error.

4. Describe how the qualitative concepts of error are quantitated in
the laboratory.

5. Describe and use the ‘language of the laboratory’ related to
laboratory quality.
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Introduction

There are numerous concepts and terms associated with quality in
the clinical laboratory. Many of the ASVCP QALS guidelines have
glossaries defining the terms used within them. There is a glossary
of QC Terms (Glossary of QC Terms - Westgard) and a glossary of
ISO Metrological and Related Terms and Definitions Relevant to
Clinical Laboratory Sciences (Glossary of ISO Terms - Westgard)
available on the Westgard website.

This chapter will present some of the basic vocabulary and quality
concepts relevant to the clinical laboratory. Translation of clinical
needs and medical significance into the language of the laboratory’is
often critical in determining when and how errors occur and whether
they are of statistical and/or clinical significance.

Laboratory Error

‘Laboratory error’ is often blamed for unexpected deviations in
laboratory results from those anticipated based on combinations
of clinical signs, laboratory findings, and/or differential diagnoses.
Identification of laboratory error is insufficient to explain such
deviations and, while error may be involved, further characterization
is needed to determine its analytical and clinical significance.

All laboratory measurement systems have some degree of
inherent error. Laboratory error is defined as (1) Deviation from
the truth or from an accepted, expected true or reference value;
between the estimated value of a quantity and its true value. (2)
Measurement error: The result of a measurement minus a true
value of a measurand. (From the Westgard Glossary of QC Terms).

Two main types of analytical error are systematic and ran-
dom error. These contribute to total error associated with a result.
Systematic error is that which is inherent within the measurement
system (instrument, reagents, operator, environment), is always in
one direction and is predictable since it can be quantified by eval-
uation of instrument performance as part of the instrument vali-
dation/ verification process. Random error is error which cannot be
predicted and can be either positive or negative. The direction and
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exact magnitude cannot be exactly predicted. It is due to random
occurrences such asinadequate mixing, bubbles in reagents or other
factors that may develop or resolve spontaneously.

Total error associated with a laboratory measurement is the
combination of systematic and random error to quantify the magni-
tude of error that could occur with a result. This is often designated
as observed or calculated total error (TE, or TE ). The formula is:

TE , (units of the test) = Absolute Bias (units of the test) + (K * SD)

obs

or
TEobs (%) = Absolute Bias (%) + (K + CV)

Kis a multiplier that may range from 2 to 6, depending on the
quantitation of error desired. It corresponds to the number of SD
or CV contained within the error budget. The number used for K
corresponds to the sigma metric for the test being evaluated (e.g.,
TE , (%) = Abs Bias (%) + (2 + CV) corresponds to a 2 sigma test).

FIGURE 1. Relationships of types of analytical error, qualitative
characteristics, and quantitative measurements of error

Type of Error Qualitative Quantitative

Characteristics Measures of Error
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14: Basic Business Performance
Metrics for Veterinary Laboratories

Kathleen Freeman and Jérémie Korchia

Measure what is important. Don’t make important what you can
measure.
— Robert McNamara.

Learning objectives:
1. Discuss common business metrics used in veterinary laboratories.
2. Describe the importance of common business metrics.

3. Discuss whyincluding employees with summary information about
business metrics may help increase the level of trust within the
organization and promote employee engagement and satisfaction.

Introduction

Some people think quality management and quality systems are
all about mathematical calculations and statistics and boring and
dull. In fact, the business metrics that are applied commonly in the
veterinary laboratory are fairly simple. These may vary with the
laboratory, the type of laboratory clientele, the availability of staff
for analysis and/ or problems previously encountered in a particular
laboratory. This chapter will introduce some of the metrics that are
commonly collected by veterinary laboratories that are separate
from those associated with ongoing quality control, external quality
assessment and instrument/ method validation or verification. The
statistics associated with Method Validation studies and quality
control, external quality assessment (EQA) and biologic variation-
based goals are presented and discussed in detail in the chapters
on these topics.
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What is a metric?

A METRIC is defined as a ‘standard of measurement’, synonymous
with a ‘benchmark’ or ‘yardstick’ (Metric | Definition of Metric by
Merriam-Webster). It is related to the art, science or process of
measuring. We use metrics to try to distill information to help us
manage laboratory quality, rather than to try to ‘prove’ quality.
Good business management is vital to the continued existence of
any laboratory and this is recognized at all levels of stakeholders
in the organization (owners, employees, and veterinary clients,
owners, and animals).

However, a record of good business metrics and some metrics
that can be shared with clients and potential clients can be an ex-
cellent marketing tool. These can be a good way to help ‘celebrate
success’ and to show clear commitment to continuous improvement.
These may help foster relationships with various practices and in-
dividual veterinarians, including key community opinion leaders,
that may be vital in word-of-mouth advertising for your laboratory
and its philosophy.

The basic business metrics presented here are applicable to
virtually ANY type or size of laboratory. Many other business metrics
may be applicable, depending on the organization of the laboratory
and the emphasis of its management team. The ones presented
here are considered by the authors to be the most basic ones and
ones of most value in promoting a quality laboratory culture and
continuous improvement.

What are common business metrics collected in veterinary
laboratories?

There is no set of ‘standard’ metrics for all laboratories, although
commonly the minimum metrics for monthly or quarterly metrics
are presented in Table 1. Many organizations have found it help to
share this type of summary data with employees to promote employee
engagement, job satisfaction and inclusion since they are vital to
the success of the organization.
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15: Instrument and Method Validation
Kathleen Freeman and Stefanie Klenner-Gastreich

Here’s the inner, hidden, deeper, secret meaning of method
validation...... ERROR ASSESSMENT.

Statistics are just tools for evaluating experimental results.

Comparison of Methods Study. This is NOT a simple study.
— James O. Westgard.

Regression analysis is like one of those fancy power tools. It is
relatively easy to use, but hard to use well — and potentially
dangerous when used improperly.
— Charles Wheelan, Author of Naked statistics:
stripping the dread from the data

Learning objectives:

1. Describethetypesof studies used for instrument/ method validation
and considerations for planning validation studies

2. Describe the difference between instrument/ method validation
and verification

3. Discuss reasons why validation or partial validation, rather than
verification, is more common for veterinary instruments/ methods

4. Discuss the method validation studies that are commonly used
and why there is flexibility as to which are chosen for instrument/
method introduction to the laboratory

5. Discuss common problems encountered in veterinary instrument/
method validation publications and how to avoid or address these
problems
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Introduction

There are many good publications in the human and veterinary
literature on instrument/ method validation. The book by James
0. Westgard (Basic Method Validation, 4th edition, 2020) provides
a good overview of the philosophy, studies needed and statistical
evaluations that should be done for instrument method validation
for quantitative and qualitative tests.

Because of the lack of regulation of instruments/ methods
marketed for the veterinary industry, manufacturers do not have a
standard set of required studies to be conducted to provide evidence
of the suitability of an instrument/method for veterinary use. Stud-
ies are not always conducted with sufficient rigor to allow potential
users (either for POC or reference laboratories) to decide about the
suitability of the instrument/ method for the intended use.

This chapter provides an overview of recommended instrument/
method validation studies provided by ASVCP and other sources, as
well as common problems encountered with veterinary instrument/
method validation studies.

Validation versus Verification

The purpose of Method Validation is to determine what error is
associated with the method and whether this error can be tolerated
for intended use of the test. The purpose of Method Verification
1s to determine whether the manufacturer’s claims for performance
can be confirmed (in other words, to determine if the method works
as advertised). Verification also extends to confirmation that a
manufacturer-provided reference interval is appropriate for the
laboratory’s patient population (See Chapter on Reference Intervals,
section on Reference interval transference). In the verification
approach, details regarding common interferences (hemolysis,
lipemia, hyperbilirubinemia) often are not evaluated and are accepted.
This assumes that there is sufficient detail regarding interferences
to indicate when specimens should be rejected for analysis and/ or
allow interpretation of results.
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16: QC Validation

Kathleen Freeman and Stefanie Klenner-Gastreich

Valid (adjective): having a sound basis in logic or fact; reasonable
and cogent.

Validation (noun): the act of checking or proving the validity or
accuracy of something.

— Cambridge English Dictionary

Learning objectives:
1. Define QC Validation and list the parameters used to conduct it.
Describe why QC validation should be done.

2

3. Describe how QC validation is done.

4. Describe when QC validation should be done.
5

Describe the benefits of QC validation compared to the use of
manufacturer’s acceptable range (‘bottle values’) for quality control.

What is QC Validation?

QC validation is the process of determining candidate QC rules
appropriate for a specified total error goal and based on the observed
performance of a particularinstrument/ method. It can also be applied
in a ‘reverse engineering’ approach to determine the total error
based on specified sigma metric, probability of error detection (P ),
probability of false rejection (P,) and QC rule choice(s). The working
goal of QC validation is to provide a high P, (usually specified as >
90%) and a low P, (usually specified as < 5%). The high P_, provides
confidence that the QC rule chosen as part of the validation process
will determine if unstable performance of the system (instrument,
reagents, and operator) is likely. The low P, is preferred to prevent
‘alarm fatigue;’ it ensures that when a QC failure occurs there is only
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a small risk that it is due to random error and, therefore, without
clinical significance.

Why should | do QC Validation?

Manufacturers of QC materials (QCM) often will include acceptable
ranges for each measurand for their product. This is often referred
to as the QCM ‘bottle values.” These may be further broken down
according to instrument and/or method used for the analyses. These
are typically based on 2 SD ranges across multiple laboratories.
Therefore, the acceptable range is often very wide and does not
provide a high P, for QC based on the observed performance for
an individual analyzer. Several papers in the veterinary literature
have shown that manufacturer’s ‘bottle values’ often have such a
wide range that the P_, is extremely low for many measurands, with
a few exceptions.

Because of the poor P ; generally associated with QCM ‘bottle
values’, QC customized for the observed performance of each in-
strument is recommended. Even instruments of the same age and
manufacturer and using the same reagents and within the same
laboratory may perform differently, necessitating different QC pro-
cedures. When instruments are in different laboratories/ locations,
further differences in performance may be related to differences in
the laboratory environment (temperature, humidity), instrument
maintenance, handling and management of reagents and control
materials, and/ or operator variability.

How do | do QC Validation?

There are manual worksheets Normalized OPSpecs (westgard.com)-
available at https:/www.westgard.com/downloads/ and software
that can be used for QC Validation. Various quality goals can be
chosen to specify the quality goal for QC validation. Consensus-based
recommendations for total error goals for veterinary hematology, and
biochemistry analytes are available from the American Society for
Veterinary Clinical Pathology (ASVCP). Endocrinology total error
goals are currently being drafted. If ASVCP recommendations for total
error quality goals are not available, internal expert opinion goals
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17: In-Clinic Laboratory Testing —
Quality for Everybody. How to make QC
work in real life.

Lucia Sanchini

Quality is the result of a carefully constructed cultural
environment. It has to be the fabric of the organization, not part
of the fabric.

— Phil Crosby, Leader in quality management

Learning objectives:
1. Discuss the considerations when planning an in-clinic laboratory
2. Discuss the importance of quality for in-clinic laboratories

3. Reflect upon the practical tips for maintenance and for minimizing
pre-analytical errors for selected in-clinic diagnostic methods

Preface

My love story with quality started in the previous chapter of my life,
in the long years I spent in general practice. In those days, in-clinic
analyzers were already booming, as they were presented as a good
way to make a quick diagnosis and lots of money. My partners and
I, however, were preoccupied that the results generated internally
were not accurate because there was not a dedicated personincharge
of the machines and the tests ended up being run when there was
time, in between surgical sessions and consults. We were driven by
the need for “working well” and we were not willing to accept the
possibility of failing a patient due to the poor quality of internal
results. At the same time, we were running a 24-hour service and
we needed some diagnostic support, so we decided to keep only
the minimum tools which are required during emergencies, such
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as microhematocrit, glucometer, refractometer, urine dipsticks,
microscope and staining kit. This chapter is based on our real-life
experience and how we made quality assurance work in our daily
activities in practice.

Introduction

According to a survey conducted among members of the Veterinary
Information Network (VIN) some years ago most participants had
an in-clinic laboratory (92%). However, 3% of these did not perform
any maintenance on their instruments, 1% appointed an unspecified
“third party” to do instrument maintenance, 4% thought their
instruments did not need any maintenance and finally, in 6% of
practices the maintenance was carried out by the practice owner.

Fourteen percent of the responding practices equipped with
in-clinic laboratories had noidea about the maintenance of their own
instruments. This highlights how a quality culture that includes
recognition of the importance of instrument maintenance, still has
not reached a fair number of veterinarians. In addition, veterinary
diagnostic laboratory testing (in any setting) is not subject to gov-
ernment regulation in contrast to human medicine. Therefore, vet-
erinarians and veterinary technicians might volunteer to commit to
QA/QCbut they are notresponsibleifthey donot. Areal commitment
to the culture of quality requires time and money, and both seem to
be the main concerns for every veterinarian worldwide.

The importance of quality for in-clinic laboratories has been
extensively explained elsewhere and the purpose of this contribution
is to demonstrate that QUALITY ASSURANCE CAN ACTUALLY
BE DONE without excessive struggle in everybody’s daily working
life and that doing so really pays off. Obviously, doing less is the
easiest option. However, if you choose to keep only a few instru-
ments, you still must make sure they perform at their best. This
chapter will cover some of the basic financial considerations when
considering whether to undertake an in-clinic laboratory, as well
as basic laboratory equipment and its maintenance, that are likely
to be required for most in-clinic laboratories.
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18: Clinical Decision Limits and
Reference Interval Transference and
Generation

Linn Clarizio and Kendal E. Harr

Normal is an illusion. What is normal for the spider is chaos for the fly.
— Charles Adams

Decision is the spark that ignites action. Until a decision is made
nothing happens.
— Wilferd Peterson

Learning objectives:

1. Explain the differences between population-based reference
intervals and clinical decision limits.

2. Discuss the interpretation of results using population-based
reference intervals and clinical decision limits.

3. Discuss the limitations of population-based reference intervals
and clinical decision limits.

4. Explain the process of reference interval transference verification.

5. Be aware of national and international guidelines for reference
interval generation and understand how population-based reference
intervals are developed.

Introduction

Clinical laboratory testing is an integral part of the medical decision-
making process. Results from laboratory tests are useful in detecting
deviation from health, diagnosingillness, and monitoring progression
of disease or response to therapy. However, a test result is of limited
utility without appropriate criteria for interpretation. The concept
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of population-based reference intervals was first introduced in peer
reviewed literature by Grasbeck and Saris in 1969 and was used
to describe the variation in clinical laboratory values for defined
groups of healthy individuals. The concept was then discussed at
numerous conferences prior to implementation in hospitals about a
decade later. Implementation of reference intervals for veterinary
species 1s reported in the late 1970s and early 1980s. The original
Clinical Laboratory Improvements Amendments (CLIA), approved
in 1988, codified their establishment and use as a requirement for
human diagnosticlaboratory function in the USA. Today population-
based reference intervals and/ or clinical decision limits frequently
serve as the standard for comparison with observed patient values
to inform the medical decisions of clinicians.

The most recent update to the Clinical Laboratory and Stan-
dards Institute (CLSI) recommendations for reference intervals
occurred in 2008 and included clinical decision limits, which were
implemented based on national and international consensus in
the previous decade, e.g., glycated hemoglobin. Reference interval
transference and a verification process using a pre-existing reference
interval from another laboratory or instrument manufacturer were
also added to better enable diagnostic laboratories to appropriately
assess working reference intervals, which previously mandated
identification of120 reference individuals for de novo generation.
Reference interval transference is the process that should be used
by all veterinarians with an in-clinic diagnostic laboratory. While
population-based reference intervals and clinical decision limits
became commonplace in veterinary medicine, many clinicians and
laboratorians had limited understanding of how they should be cre-
ated and potential pitfalls in their use. Guidelines for the generation
and transference of reference intervals and clinical decision limit
development in veterinary species were published by the Quality
Assurance and Laboratory Standards (QALS) committee of the
American Society of Veterinary Clinical Pathology (ASVCP)in 2011.
Understanding how these values are generated provides further
background for identification of interpretation pitfalls which will
strengthen the clinician’s use of these diagnostic tools.
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19: Biological Variation and Laboratory
Quality

Kathleen Freeman and Stefanie Klenner-Gastreich

Success is the progressive realization of a worthy goal or ideal

— Earl Nightingale (American radio speaker and author,
dealing mostly with the subjects of human character
development, motivation, and meaningful existence)

Learning objectives:

1. Describe what biological variation refers to and how it relates to
laboratory testing.

2. Describe why biological variation is important in determining
laboratory quality goals.

3. Describe individualized reference intervals and how these differ
from population-based reference intervals.

4. Describe reference change value and how it is used.
5. Describe dispersion and how it is used.

6. Describethereasons why and how biological variation can contribute
to evidence-based laboratory medicine.

What is biologic variation and how does it relate to
laboratory testing?

Biological variation refers to the physiological variation that occurs
around a homeostatic setpoint for the various measurands that we
test forin the laboratory. A numerical result in an individual patient
reflects a range of results centered around the homeostatic setpoint
for that individual. There is variation that occurs within individuals
(CV) and between individuals (CV ). We can use knowledge about
biologic variation in providing quality goals for laboratory testing,
interpretation of single and serial results, and in determining
individualized reference intervals for our patients.
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Studies of biologic variation generate information about
physiologic variation described by the within-individual coefficient
of variation (CV)), between individual coefficient of variation (CV )
and the analytical coefficient of variation (CV,) derived from the
analysis of duplicate measurements based on the instrument/ method
and laboratory in which the biologic variation study is done. The
laboratory quality goals based on this information seek to minimize
the ratio of analytical ‘noise’ to biologic signal and help ensure that
significant changes representing changes in physiologic status can
be recognized and are not masked by excessive analytical variation.

The veterinary biological variation website offers a summary of
biological variation parametersinvestigated in veterinary medicine.
Papers are reviewed by two members of the Veterinary Biological
Variation Committee for compliance with guidelines for biologic
variation studies. For those measurands where there are multiple
qualifying studies, a separate listing of median values is provided.
The website address is: www.vetbiologicalvariation.org

What quality goals for laboratory testing can be derived
from biological variation?

Quality goals based on biologic variation are based on consensus
recommendations (the so-called ‘Milan Hierarchy’) for defining
analytical performance goals. Biologic variation is the second of 3
levels of goals that can be used.

Quality goals for laboratory testing that can be derived from
biological variation information include goals that are labeled as
optimal, desirable, and minimally acceptable levels for analytical
coefficient of variation, analytical bias, and total analytical error.
These reflect increasing variation that may occur in results and our
ability to distinguish a true physiological change that should not be
obscured by ‘analytical noise’ associated with an assay.

The following formulas are used to calculate the optimal, de-
sirable, and minimally acceptable biologic-variation-derived quality
goals are as follows:
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20: Understanding Current Clinical
Pathology Paradigms

Randolph Baral

If you want small changes in your life, work on your attitude.
But if you want big and primary changes, work on your paradigm.

— Stephen Covey

Learning objectives:

1. Define and describe the 3 main messages provided by the series of
examples presented in this chapter: Bias, reference intervals and
dispersion.

2. Reflect on the assumptions made by many veterinarians regarding
bias, reference intervals and dispersion associated with laboratory
results.

3. Perform calculations for individualized reference interval and
dispersion.

4. Interpretlaboratory results using individualized reference intervals
and dispersion.
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Introduction

Using a series of examples, this chapter will explain current clinical
pathology paradigms in relation to plasma (or serum) biochemistry
testing. Some of these concepts have been present for some time but
poorly recognized, others are emerging concepts. The key concepts are:

1. Bias between analyzers.
2. Use of reference intervals (population-based and individualized).
3. Dispersion of results.

Bias

Example 1: Bias between analyzers

Most practitioners are familiar with the International Renal Interest
Society (IRIS) staging of chronic kidney disease (CKD) that is
intended “to facilitate appropriate treatment and monitoring of the
patient” based on the stage of development of CKD. Table 1 shows
the standard IRIS staging for cats shown in pmol/LL and mg/dL.

Decision Limit Stage1 Stage 2 Stage 3 Stage 4
Creatinine umol/L <140 140 - 250 251 - 440 > 440
Creatinine mg/dL <14 14-28 29-50 >5.0

Based on this staging, how would you stage a cat with creatinine
= 155 pumol/L (1.8 mg/dL), assuming dilute urine? Answer: That’s
pretty easy, the answer is ‘stage 2’

Along similar lines, what would the staging be for a cat with
creatinine =124 umol/L (1.4 mg/dL), assuming dilute urine? Answer:
Again, that’s easy, there are notricks (yet!) and the answeris ‘stage 1°.

Along the same lines, a cat with creatinine = 212 pmol/L (2.4
mg/dL) with dilute urine is also in ‘stage 2’ but appears to be a little
more advanced than the other two examples.

These three examples are all results from, not only the same
cat, but the same blood draw and centrifuged in the same lithium
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21: Daily Quality Control Practices with
Computerized Tools

Nandor Balogh

Before software should be reusable, it should be usable.
— Ralph Johnson, computer scientist, UTUC

Simplicity, carried to the extreme, becomes elegance.
—dJon Franklin, computer scientist

Learning objectives:

1. Describe the evolution and features of the BioRad QC program
available for daily QC evaluation and peer group comparison.

2. Discuss the advantages and disadvantages of the use of industry
systems for QC

[Please note: the mention of specific software, brand
names and companies in the text that follows comes with
acknowledgement oftheir trademarks,registered copyrights,
and copyrights, etc.]

Introduction and Historical Information

With the evolution of Quality Control (QC) knowledge and software
industry, computerised tools for designing QC rules and the
evaluation of daily QC results emerged. Historically the first of these
were provided by Westgard QC under the names of EZ Rules (for
determining candidate QC rules) and EZ Runs (for the evaluation QC
runs). EZ Rules 3 is still available as a standalone application, but
EZ Runs was licensed to Bio-Rad and is included in their software
package called Bio-Rad Unity Real Time allowing for QC Rules design
and results evaluation as well as real time peer group comparison.
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This software is available at different content levels and offers both
fully web-based, or desktop applications. Meanwhile another global
company, Randox has launched their own QC software solution
called Acusera 24+ 7. This is a fully online tool.

In this chapter, I will highlight the most important features
of the Bio-Rad system and those we have found useful in our own
veterinary commercial laboratory with some outlook on somefeatures
of the Randox system for comparison. As I have no real hands-on
experience with the Randox system I will only mention a few features
that are markedly different from the Bio-Rad System.

The first step is to configure the system according to your
laboratory environment using dedicated pages to setup instruments,
analytes, methods, reagents, and QC materials used. Peer group
comparisons will only be available for Bio-Rad’s own QC materials,
however it is still possible to record third party QC material data.
There are comprehensive lists for most globally available analyzers
and reagents with their corresponding methods and reagent sup-
pliers. Obviously precise configuration will be key for correct peer
group comparisons.

Data entry can be done manually as an option for occasional
single results (Figure 1). Bulk data entry is best managed by auto-
mation. Both applications will allow for connection to the Laboratory
Information System (LIS) to extract QC data and/or offer file-based
data transfer depending on actual software version and/or user pref-
erence. Both solutions offer the possibility of entering the mean of
multiple QC results if this approach is used in a laboratory.
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22: Quality in Clinical Pathology
Reporting

Kathleen Freeman

Tell me the facts and I'll learn. Tell me the truth and I'll believe.
But tell me a story and it will live in my heart forever.
— Native American proverb

Learning objectives:

1. Discuss the philosophy underlying evaluation of quality in clinical
pathology reporting of all types.

2. Reflect on your personal philosophy and approach to clinical
pathology reporting.

Introduction

There is some variability in the approach to ‘reporting’ in clinical
pathology globally and pathologists may or may not comment
on all, some, or selected laboratory results. However, cytology is
reported worldwide by clinical pathologists. In most countries,
telephone consultation is encouraged to discuss complex cases or
those about which the clinician has questions or wants a clinical
pathologist’sinput. In some countries, internal medicine consultants
are employed by large commercial laboratories to discuss, in more
depth, the treatment of cases based on the history and laboratory
findings. If clinical pathology staffing is stretched the internal
medicine consultants may be approached as ‘de facto’ clinical
pathologistsbut may havelimited or no training regarding laboratory
instrumentation, quality control or testing artifacts. This chapter
will deal with ‘general concepts’ regarding clinical pathology non-
cytologic reporting. See the Chapter on Quality and Cytology for
more in-depth discussion of quality issues associated with cytology.
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Clinical Pathologists as Detectives and Storytellers

It is my own view that clinical pathologists are those who ‘tell the
story’ and who can help bring meaning to clinical pathology results
of all types. There are many internal medicine specialists who can
interpret laboratory data, who can interpret cytology specimens and
know a lot about the types of laboratory tests that are important
in diagnosis of veterinary patients. However, clinical pathologists
are those that ALSO know the instrumentation and technology, the
validation of the instruments and methods, possible interferences, the
performance of and quality control and quality assurance appropriate
for the multitude of laboratory tests.

Clinical pathologists are the ones who ensure that technical
competence and medical knowledge are considered as part of deter-
mining appropriate tests and the ongoing production of accurate and
reliable results. They are the ‘detectives’ who look at the data produced
and see the pattern of ‘clues’ that indicate particular diagnoses or
differential diagnoses. They point out the combinations of findings
that form typical patterns associated with various conditions, point
out results that may indicate deviation from these patterns and
may implicate the presence of more than one condition (multiple
pathologic conditions) or which may indicate unusual or ‘atypical’
findings, as well as testing pitfalls or anomalies.

What is the purpose of the clinical pathologist comments?

The purpose of a clinical pathologist’s comment is to provide succinct
useful information about the results. This may include the likely
interpretation/ diagnosis and/ or differential diagnoses, prognoses,
need for additional testing or tests useful for monitoring the
progression of disease or response to treatment. Therefore, clinical
pathologists are highly skilled ‘consultant specialists’that are part of
the team providing for the best possible care of veterinary patients.

The most rewarding relationships with practices and individual
clinicians are those in which the clinical pathologist’s and clini-
cian’s opinion and expertise are respected and their contributions
acknowledged as important in working together to contribute to the
diagnosis, treatment, management, and monitoring of veterinary
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23: Quality in Endocrinology

Jérémie Korchia

The eye sees only what the mind is prepared to comprehend.
— Robertson Davies, Tempest-Tost

One of the biggest problems with the world today is that we have

large groups of people who will accept whatever they hear on the

grapevine, just because it suits their worldview — not because it is

actually true or because they have evidence to support it. The really

strikingthingisthat it would not take much effort to establish validity

in most of these cases... but people prefer reassurance to research.
— Neil deGrasse Tyson

Learning objectives:

1. Discuss pre-analytical, analytical and post-analytical factors
important for endocrinology testing

2. Describe common limitations of point of care analyzers used for
endocrinology testing

3. Discuss the importance of using laboratory-generated protocols
for dynamic hormone testing

4. Describe the complexities of endocrine result interpretation

Introduction

Endocrinology testing shares many similarities with otherlaboratory
testing such as hematology or biochemistry, but also differs in
important aspects such as the assay type or the testing protocol.
Immunoassays typically result in higher imprecision and higher
bias, which directly impacts result interpretation. Moreover,
testing protocols are more variable among different laboratories,
and inquiring ahead of testing to understand the type of test, its
requirements and its performance is always recommended. Quality
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in endocrinology reporting may be addressed in each of the 3 phases
of testing: pre-analytical, analytical, and post-analytical.

Pre-analytical factors

Before sampling to perform an endocrinology test, investigation to
determine the sample type, the sample tube, the sampling protocol,
and the sample shipping is recommended. It is also the opportunity
to obtain the submission form from the laboratory.

Sample type

Submission of the right sample type for hormone testing is critical.
Most of the time, the preferred sample is serum. There are few
exceptions, such as ACTH or PTH or PTHrP, which are fragile
molecules requiring to be submission of EDTA plasma. If the shipping
takes > 24h or if the outside temperature is high, shipping frozen
EDTA plasma is recommended.

Whole blood is never recommended, as cell lysis may lead to
marked hemolysis and potential interference. Serum separator tubes
are not recommended until proven otherwise, as their impact on the
different hormone measurements has often not been investigated.
Heparinized plasma is acceptable for some immunoassays and un-
acceptable for others, on a case-by-case basis; verification ahead of
time with the laboratory is needed.

Sample tube

The sample tube is closely related to the sample type. However,
notice that a transfer of tube often occurs following centrifugation
to harvest serum or plasma and the final tube may not necessarily
reflect the sample type. In the case of EDTA plasma, the blood is
collected on a purple top tube, but the plasma is transferred to a
plain red top tube (no additive) after centrifugation. The laboratory
cannot know that the sample corresponds with EDTA plasma if it
is not reported on the tube as well as on the submission form. The
same 1is true for heparinized plasma.

Importantly, the tube needs to be labeled with the following
information:
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24: Quality in Cytology

Kathy Freeman and Lucia Sanchini

How well you tell your story determines how well your customers
tell your story
— Simon Mainwaring, global thought leader

Learning objectives:

1. Describeimportant aspects of quality assurance and quality control
with regard to veterinary cytology

2. Describe some common approachesto quality assurance and quality
control for veterinary cytology

3. Describe the meaning and importance of pre-pre analytical and
post-post analytical factors for veterinary cytology

4. Describetheimportance of various pre-analytical, analytical, post-
analytical factors and their effects on cytology quality

Introduction

Quality assurance and quality control for cytology can be challenging.
Inclusion of pre-pre-analytical and post-post-analytical factors, which
are outwith the laboratory, are particularly important in completion
of the brain-to-brain loop (see the Chapter on “Preanalytic and
Postanalytic phases of Laboratory Testing: The Chain of Quality”)
and efforts to include, address, monitor and/ or obtain information
about these should be encouraged as part of the continued learning
and quality improvement cycle.

Pre-pre-analytical and Pre-analytical factors

The following tables 1 and 2 summarize some of the pre-pre-analytical
and pre-analytical factors that influence the quality of cytology
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preparations and their interpretation. Some authors suggest that
information about pre-pre-analytical factors should be part of the
laboratory remit to ensure the quality of the submitted specimens.

Table 1: Pre-pre-analytical factors influencing accurate
cytology reporting.

cytologic sampling

lymph node and their significance are
recognized

Pre-pre-analytical Example Importance Implications for quality

factors (outwits the

laboratory)

Selection of lesion(s), If mass is present and regional lymph node is enlarged, aspirates from both the mass Helps increase the probability that the | Provision of the most information; positive
organs or systems for and lymph node are indicated rather than just one relationships between the mass and correlation of cytologic features in primary

and possible metastatic sites increases
confidence in interpretation

Selection of correct organ or system based on clinical signs, presentation, history and
any results of imaging

Should be based on high likelihood of
the lesion, organ or system providing
information

Helps explain the reason for clinical signs
and the clinical presentation

Selection of cytology as
sampling method

In some cases, histopathology could be the best option to begin with (i.. hard masses,
bones)

Increases the probability of obtaining
diagnostic samples, (especially
important when patients are very sick or
if general anesthesia is required)

Optimization of resources for best results
and best treatment plan

Selection of method for
cytology sampling

Fine needle sampling with aspiration, fine needle sampling without aspiration,
impression smears, scrapings, washings, brushings, fluid collections

Each method has advantages and
disadvantages, depending on the site
and type of lesion

Representative specimen suitable for
evaluation is more likely to be obtained
with the correct method of collection

immediately following
collection

closely reflects in vivo conditions

well preserved cells

Anticoagulants as part of | Heparinized specimens unsuitable due to poor staining. EDTA helpful in prevention of Helpful in ps ting clotting in Judicious use of EDTA anticoagulant helps

collection protocol clots that may entrap cells in samples with blood bloody specimens that may result in increase probability of a representative
entrapment of cells and/ or obscuring of | sample; helps ensure that nucleated cells
features are not entrapped in clots

Handling of specimens Making smears i following collection ensure llular most Most accurate information obtained from | Delays in preparation of air-dried smears

may result in degeneration of cells, cell
lysis or distortion

Refrigeration or fixation of specimens may be helpful if there is a delay prior to cytologic
processing

Will depend on the type of specimen,
availability of various types of stains

May help reduce artifacts and/ or
degeneration associated with a delay prior
to cytologic processing

Air-dried smears versus
fixed smears, samples
infixative or fixed fluid
specimens

Fixation of smears or fixation of fluid specimens may be required for some types of stains
(Papani Jike) o contra-indicated for other

tains)

Fixation requires Papanicolaou-type
staining rather than Romanowsky
staining; recent publication suggests
small amount of formalin fixation (1 drop)
may not interfere with Romanowsky
staining

Appropriate staining based on specimen
with presence or absence of fixation is
important and helps ensure that cells can
be evaluated

Labeling of specimens and
slides for the laboratory

Pencil on frosted end slides preferred since less likely to be dissolved with staining and/
or become unreadable

Ensures correct identification of samples
and avoids confusion when multiple
sites are sampled from the same patient

Correct labeling of specimens ensures
that the correct report is generated for
apatient and that multiple sites are
correctly identified

Requesting appropriate
evaluations from the
laboratory

Body fluid analysis should be done in addition to cytology for pleural fluid, abdominal
fluid, synovial fluid, CSF.

May need ancillary testing such as antigen or antibody testing, PCR testing, biochemical
evaluation or other tests (TG/ Cholesterol, K+, creatinine), PARR, flow cytometry,
immunocyto-chemistry or other tests, depending on clinical considerations and initial
cytological findings

Aids in classification of the specimen,
recognition of normal versus abnormal
specimens, provides support for various
differential diagnoses

Correct choice of evaluations that help
support cytologic interpretation are
helpful in ensuring that the interpretation
provides the most complete and useful
information

TG = triglycerides, K+ = potassium, PARR = Polymerase chain reaction for antigen receptor rearrangement
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25: Basics of Laboratory Statistics

Jérémie Korchia, DVM, MSc, DAVCP (Clinical Pathology)

Statistics is the grammar of Science
— Karl Pearson, of Pearson’s Correlation Coefficient

Definition of grammar: The study or use of the rules about how words
change their form and combine with other words to express meaning
— Cambridge Dictionary

In God we trust; all others must bring data
— William Edward Deming, quality expert

The business of the statistician is to catalyze the scientific learning
process
— George E.P. Box, statistician

Learning objectives:

1.

Understand the different types of variables: predictor (X) versus
outcome (Y), quantitative versus categorical.

Identify whether some statistical results belong to descriptive
statistics or inferential (analytical) statistics.

Realize that the nature of a statistical test (z-test, t-test, F-test,
and x2-test) is directly function of the distribution of probabilities
the test is using (z-distribution, t-distribution, F-distribution, and
x2-distribution).

Understand the shape of the z-distribution, the t-distribution,
and the x2-distribution, as well as their relationship (t- and x2-
distribution tend to the z-distribution when n and k, respectively,
increase significantly).

Determine the main type of statistical test to use based the nature
of the predictor (X) and the outcome (Y) variables.

Understand the difference between the null hypothesis HO and
the alternative hypothesis H1, as well as the principle of Null
hypothesis significant testing (NHST).
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10.
11.

12.

13.

14.

15.

Understand the difference between a statistical test and a test
statistic (the latter is the result of a statistical test and is also
known as test score).

Understand the main concepts involved in the generation of a test
statistic (or score), and its interpretation compared to a critical
value in term of acceptation or rejection of HO.

Understand difference between a test statistic and a p-value,
correctly define the p-value, and useit for interpretation of statistical
tests.

List the assumptions for using a parametric test.

Compare and contrast parametric and nonparametric statistical
tests.

List and use the experimental design characteristics to identify
an adequate statistical test for hypothesis testing.

Use the statistical concepts of the z-distribution for the daily QC
monitoring.

Use sampling concepts and the parametric/nonparametric concepts
for RI determination.

Use the all the presented statistical concepts to successfully
communicate and collaborate with an expert in statistics.

Page 334



Westgard QC, Inc., Copyright © 2024

Generalities in statistics: speaking the same language as statisticians
and understanding the principles of statistical tests
Variables and distributions
Variables
Distributions
Descriptive vs analytic (or inferential) statistics
Descriptive statistics
Analytic or inferential statistics
Impact of variables and distribution on inferential statistics
Generalities about the statistical test
Population and population sample
Principle of hypothesis testing
Generation of the test statistic
What is the difference between z-statistics and t-statistics?
Interpretation of the test statistic
The p-value
Specifics of statistical tests
Use of parametric or nonparametric tests?

Advantages and disadvantages of parametric and nonparametric
tests

Parametric and nonparametric tests in the different types of
statistics

How to choose which type of statistics to use?

Application of concepts: finding the right statistical test

Specifics of statistics in a diagnostic laboratory setting

Statistics in quality control (QC) monitoring
Statistics in reference interval (RI) determination
Statistics in comparison of quantitative methods

Statistics in research studies
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Index

A

Accuracy 152

Actionable goals 18

Allowable error (TEa) 152

American College of Veterinary Internal
Medicine (ACVIM) 230

Analysis of variance (ANOVA) 351

Analyzers 53

ASVCP QALS 178

B

Bench Cards 3
Bias between analyzers 266
Biological Variation 274
Biological Variation and Laboratory
Quality 247-264
Critical Difference (CD) 254
Critical number of speci-
mens 252, 256
Critical number of specimens is
required to estimate homeostatic
set points for common laboratory
measurands in dogs, cats, and
horses 255
Desirable Bias (%) 250
Desirable CV, (%) 249
Desirable TE_(%) 250
Dispersion (D) 253
Index of Individuality (II) 252
Individualized Reference Interval
(iRI) 254
Minimally acceptable Bias (%) 250
Minimally acceptable CV, (%) 249

Optimal Bias (%) 249

Optimal CV, (%) 249

Optimal TE_ (%) 250

Reference Change Value (RCV) 253

Therapeutic drug monitoring goal, CV,
(%) 251

What is biologic variation and how
does it relate to laboratory test-
ing? 247

What is required to conduct a biologic
variation study? 258

What levels of dispersion are associ-
ated with common laboratory
measurands in dogs, cats, and
horses? 257

What other calculations are based on
biologic variation? 252

What quality goals for laboratory test-
ing can be derived from biological
variation? 248

Why and how does information about
biologic variation contribute to
evidence-based medicine? 259

Biologic hazards 55
Biologic variation
Bland-Altman
Bottle values 190

Brain-to-Brain Loop
Business Performance Metrics

182, 238
168, 267

103, 106

157-162

Introduction 157

What are common business metrics
collected in veterinary laborato-
ries? 158

What is a metric? 158

Why are business metrics import-
ant? 159

C
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Carry-over study 178
Centrifuge calibration 204
Centrifuges 53
Chemical hazards 54
Clinical Decision Limits
245, 230
Clinical Laboratory and Standards Insti-
tute (CLSI) 224
Clinical Laboratory Improvements
Amendments (CLIA) 224
Coefficient of variation (CV,) 248
Commodity 5
Common interferents 181
Comparison of Methods Studies 175
Competency Evaluations 9
Continuous quality improvement 68
Corrective actions 68
Correlation coeflicient 177
Cytology 319-331
Analytical factors 321
Communication with clinicians 324
Cytology Maxims 326
Introduction 319
Post-analytical factors 322
Post-post analytical factors 323
Pre-pre-analytical and Pre-analytical
factors 319

107 223-

D

Dispersion 278
Dispersion of analytes with high indi-
vidual variation 282
How dispersion affects IRIS stag-
ing 283
What can affect dispersion? 280
Document
definition 60
‘Goldilocks rule’ 60
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What are documents of the veterinary
laboratory? 60
What are some key aspects of a docu-
ment control system? 61
What are the advantages of having a
document control system? 61
What is a document and what is docu-
mentation? 60
What is document control? 60
Document control 10
definition 60
distribution plan 61
master log 61
Document Control 59-64
Duplicate measurements 175

E

ECVCP Laboratory Standards Commit-
tee 178
Endocrinology 309
Analytical factors 312
Assay validation 312
Point-of-care analyzers 313
Quality Control 312
Introduction 309
Post-analytical factors 314
Interpretation guidelines 314
Interpretation values 314
Other post-analytical factors 314
Pre-analytical factors 310
Sample tube 310
Sample type 310
Sampling protocol for dynamic hor-
mone testing 311
Submission form 311
Environment 49-58
How should equipment be cared
for? 52
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What should a veterinary diagnostic
laboratory look like? 49
What should be considered when
acquiring instruments and equip-
ment? 51
Which hazards are present in a veteri-
nary laboratory? 54
Post-post-analytical phase 107
External Quality Assessment (EQA) 8

G
Gaussian probability 236

H

Harmonization of methods 271
Health and safety risks 93
Hemolysis 113

Histogram 229

Homeostatic Set Point (HSP) 274
Hoof beats 76

I

Improvement Opportunity 65-74
Example form 68
Feedback 67

What are important aspects in ensuring

the IOF are used and useful? 67
What should be included on an
IOF? 66

Why is the follow-up section of the IOF

likely to be the most important
part of the form? 68
Why should I have one? 65
In-Clinic Laboratory Testing 201-222
Appendix 1: SOP for centrifuge timer

check 213
Appendix 2: SOP for centrifuge speed
check 214

Appendix 3: SOP for determination of
optimal packaging time. 215
Appendix 4: SOP for refractometer
calibration 216
Introduction 202
Microhematocrit 204
Portable Blood Glucose Meters (PB-
GMs) 211
Refractometer 205
Urine Dipstick 207
Index of individuality 238
Individualized Reference Interval
(RI) 274
Individualized Reference Intervals
276
Instrument and Method Valida-
tion 163-188
Carry over study 178
Common Problems seen in Veterinary
Instrument/ Method Validation
Studies 178
Comparison of Methods Studies 175
Different methods of regression 176
General validation study plan 169
Interference Studies 173
Introduction 164
Limits of detection 178
Overview of Recommendations for
Studies and their Analysis in
Instrument/ Method Valida-
tion 168
Partial validation 165
Recovery Studies 172
Replication Studies 171
Reportable Range Studies 171
Summary of studies, design, and im-
portant considerations 171
Validation versus Verification 164
Which errors are assessed? 168

259,
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Instrument Log  75-84
Daily Maintenance Tasks 77
Example Biochemistry Analyzer
Log 77
Example Immunology Instrument Log

for Maintenance and Documenta-

tion 80
Example Quality Control Log 82
Example Targets and Performance
Goals 82
Monthly Maintenance Tasks 78
Quarterly Maintenance Tasks 78
Weekly Maintenance Tasks 77
Yearly Maintenance Tasks 79
Instrument logs 10
Interference Studies 173
International Federation of Clinical
Chemistry and Laboratory Medi-
cine (IFCC) 234

J

Just in time (JIT) 130

K

Kaizen 126
Key performance indicators (KPIs) 8,
112, 125

L

Laboratory Statistics  333-365

Advantages and disadvantages of
parametric and nonparametric
tests 348

Analytic or inferential statistics 338

Anderson-Darling test 357

Application of concepts: finding the
right statistical test 354

Bartlett’s test 351

Page 370

D’Agostino-Pearson test 357

Descriptive statistics 338

Descriptive vs analytic (or inferential)
statistics 338

Distributions 337

Dixon test 357

Error type 1 358

Error type 2 358

F-tests 351

Generalities about the statistical
test 339

Generation of the test statistic 340

Hartley’s test 351

How to choose which type of statistics
touse? 349

Impact of variables and distribution on
inferential statistics 339

Interpretation of the test statistic 345

Introduction 336

Kolmogorov-Smirnov test 357

Levene’s test 351

Normality test 358

Null hypothesis 340

Poisson distribution 337

Population and population sam-
ple 339

Principle of hypothesis testing 340

Reference interval 336

ROC (Receiver Operating Characteris-
tic) 360

Shapiro-Wilk test 357

Specifics of statistical tests 348

Specifics of statistics in a diagnostic
laboratory setting 335, 356

Standard deviation of a population

(o) 341
Standard deviation of a sample
(S) 341
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Statistics in comparison of quantitative
methods 360

Statistics in quality control (QC) moni-
toring 356

Statistics in reference interval (RI)
determination 357

Statistics in research studies 360

Test statistic 340

The p-value 346

t-tests 350

Tukey test 357

Use of parametric or nonparametric
tests? 348

Variables 337

Variables and distributions 337

What is a x2-distribution? 352

What is the difference between z-statis-
tics and t-statistics? 343

z-tests 349

X2-tests 351

LEAN Inventory Management Sys-

tems 119-139

8 types of waste - TIMWOODS 127

Calculating Safety Stock (SS) 133

Defects 130

Eliminating Waste 126

How Kandan cards 133

How we implemented KANBAN 136

Inventory 128

KANBAN Card Calculations 132

Kanban Cards, A visual prompt 131

KANBAN Inventory Manage-
ment 130

Movement/ Motion 128

Overprocessing 129

Overproduction 129

Process Mapping 126

Re-Order Point (ROP) 133

Review of in use Kanban cards 137

Sample Inventory Calculations 132
Seiri, Seiton, Seiso, Seiketsu and Shit-

suke 120
Setin Order 122
Shine 124
Skills 130
Sort 121

Standardize 124
Sustain 125
The five tools of 5§ 121
Tips for Inventory Management Plan-
ning 134
Transport 127
Waiting 129
What is 552 120
What is KANBAN? 130
What is LEAN manufacturing? 120
Why implement Kanban inventory
management? 131
Leidinger, Ernst 3
Levey-Jennings chart 356
Limit of quantitation 182
Limits of detection 178

M

Material Safety Data Sheet (MSDS) 54
Matrix effects 165
Measurement uncertainty
(MU) 182, 298
Method Validation 164
Method Verification 164
Microhematocrit 204
Centrifuge calibration 204
Optimal packing time 205
Speed 205
Timer 204
Microscopes 53
Milan Hierarchy 248
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Mission, Vision and Values State-

ment 2, 15-26, 65

Actionable goals 18

Add personality but leave out the
fluff 20

Add quantifiable elements 20

Ask Questions 17

Consider answers and commonali-
ties 19

Development Template 23

Examples 21

Feedback 21

First Draft 20

Share it 21

What is a Mission/ Vision and Values
Statement? 16

Why should I have a written mission/
vision and values statement? 15

N

Non-Gaussian distribution 236
Null hypothesis 340

O

Ohno,Taiichi 130
Operating point 192
OPSpecs chart 191, 295, 357

p

Parametric statistical procedures 236

Partial validation 165

Passing-Bablok regression 177

Personnel training 167

Physical hazards 54

Pirsig, Robert 1

Point-of-care 53

Population-Based Reference Intervals
and Transference 225
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Portable Blood Glucose Meters (PB-
GMs) 211
Post-analytical phase 104
Post-post-analytical 111
Pre-analytical phase 104
Pre-analytical variation 274
Preanalytic and Postanalytic phases of
Laboratory Testing 103-118
After choosing to perform a laboratory
test, what are the other pre-ana-
lytical steps? 108
Brain-to-Brain Loop 103
Post-post-analytical phase 107
How can the laboratory assess and im-
prove pre-analytical and post-an-
alytical quality? 112
Pre-pre-analytical 106
Prior to results interpretation, what
are the other post-analytical
steps? 111
Total Testing Process (T'TP) 103
What are the pre-pre-analytical and
post-post-analytical phases? 106
Precision 153
Preferred specimen 92
Pre-pre-analytical 106
Probability of error detection 193
Probability of false rejection 193
Proportional bias 271

Q

QC materials (QCM) 190
QC Validation 189-200, 194-195, 357
Example 194
How do I do QC Validation? 190
Summary table for selection of control
rules 193-195
What do you do now? 196
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What is QC Validation? 189
What is the process for QC valida-
tion? 191
What is the ‘reverse engineering’ ap-
proach to QC validation? 192
When should I do QC valida-
tion? 191
Why should I do QC Validation? 190
QC violations 76
Quality Assurance 203
Quality Assurance and Laboratory Stan-
dards (QALS) committee 224
Quality Concepts 149-156
Introduction 150
Laboratory Error 150
Quality Control Practices with Comput-
erized Tools 289-301
Configure the system 290
Data entry 290
Data review report 296
General reports 296
Introduction and Historical Informa-
tion 289
Measurement uncertainty (MU) 298
Operator’s report 298
OPSpecs chart 295
Peer group comparison 292
QC design 292
QC results evaluation 291
Sigma metrics 295
Supervisor’s report 297
Quality Control (QC) documenta-
tion 8
Quality in Clinical Pathology Report-
ing 303-308
Clinical Pathologists as Detectives and
Storytellers 304
Introduction 303
What is the difference between inter-

pretation and diagnosis? 305
What is the purpose of the clinical
pathologist comments? 304
Quality indicators 112
Quality Plan 6, 27-36, 65
Example 31
Getting Started 30
What is a Quality Plan? 27
Quality system 2
Quality system maintenance 10
Quality Systems and Philosophy 1-14
Can you provide a high level of quality
without having a ‘quality sys-
tem’? 3
Elements of documentation 6
How does quality management provide
for a personalized approach? 3
What documentation is required for a
quality system? 4
What is a quality system and what does
it require? 2
What is the meaning of quality 1

R

Random error 150, 171, 177
Reagent changes 171
Receiver operator characteristic (ROC)
curves 231
Reference Change Value 259
Reference Change Value (RCV) 274
Reference Intervals 224
a posteriori sampling methods 226
a priori sampling methods 226
Biologic Variation and Individualized
(Subject-Based) Reference Inter-
vals 238
Clinical Decision Limits 230
De novo generation 227
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Establishing De Novo Population
Based Reference Intervals 234
Analytical Factors 235
Postanalytical Data Analysis 235
Pre-Analytical Procedures and Con-
siderations 235
Limitations of Population-Based
Reference Intervals and Clinical
Decision Limits 237
Analytic Considerations 237
Population Considerations 237
Statistical Considerations 238
Receiver operator characteristic (ROC)
curves 231
Verification 229
Reference interval transfer-
ence 164, 224
Transference and Verification of a
Pre-Existing Reference Inter-

val 227
Reference Interval Transference 223-
245

Defining the Reference Population and
Choosing Reference Individu-
als 225
Population-Based Reference Intervals
and Transference 225
Reference method 184
Refractometer 205
Calibration 207
Fluids 206
Total protein 205
Urine Specific Gravity 206
Refractometers 53
Regression statistics 168
Repeat Patient Testing-Quality Control
(RPT-QC) 181
Replication Studies 171
Reportable range 183
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Reportable Range Studies 171
Role of the Veterinary Clinical Patholo-
gist 141-148
Introduction 142
Roles 142
Routine calibrations 75
Routine maintenance 75

S

Sample acquisition 50
Sample reception 50
Sample storage 50
Scatter plot 229, 239, 242
Seiri, Seiton, Seiso, Seiketsu and Shit-
suke 120
Sigma-metric 153, 191-192, 295
Sinek, Simon 16
SOP 203,213, 214, 215, 216
SOP fora SOP 99
Specimen volume 167
Staining Kit 209
Practical tips to obtain good quality
staining 209
Standard deviation of a population
(o) 341
Standard deviation of a sample (S) 341
Standardized Operating Procedures
(SOPs) 3
Standard Operating Procedures
Standard Operating Procedures
(SOPs) 85-102
Body of the SOP 92
Criteria for specimen rejection 93
Example 96
First/Cover Page 90
Health and safety risks 93
How does standardization of processes
facilitate laboratory work? 85

9, 124
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Preferred specimen 92 Turn-around times 111
Revision dates 91
SOP fora SOP 99 U

SOP Structure 89
What length should an SOP be? 88
Why do we benefit from SOPs? 86
Why is writing SOPs a team proj-
ect? 87
Systematic error 150

Understanding Current Clinical Patholo-
gy Paradigms  265-288

Bias 266

Biological variation 273-274

Constant bias 269

Dispersion 278

T Dispersion of analytes with high indi-
vidual variation 282
Test statistic 340 Do reference intervals vary with
Theory of Change and Logistical Frame bias? 271
Model 37-48, 38 Homeostatic Set Point (HSP) 274
Activities 38 How dispersion affects IRIS stag-
Assumptions 38, 40 ing 283
Can I share my Theory of Change? 42 How significant can bias be? 267
How do I get started on a Theory of Individualized Reference Interval
Change? 38, 43 (iRI) 274
How do I present a Theory of Individualized Reference Inter-
Change? 41 vals 276
How else can I use a Theory of Introduction 266
Change? 42 Pre-analytical variation 274
Mission Statement 38 Proportional bias 270
Outcomes 38 Reference Change Value (RCV) 274
Outputs 38 Reference Intervals: population-based
What is a Theory of Change? 37 and individualized 271
Why should I have a written Theory of Using Biological Variation to assess
Change? 41 clinical results 274
Total allowable error (TEa) 169, 357 What can affect dispersion? 280
Total error 150-151, 191, 196, 197, What can we do about bias? 271
259, 313 Uninterruptible power supply (UPS) 50
Total Testing Process (T'TP) 103, 105 Urine Dipstick 207
Transference and Verification of a Centrifugation 208
Pre-Existing Reference Inter- Dipping vs dripping 208
val 227 Staining Kit 209
Trueness 152 Storage 208
T-test statistics 168 Temperature 207
Time 207
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\%

Value stream map 126
Verification studies 165
Veterinary Biological Variation Commit-

tee 248
Veterinary Information Network
(VIN) 202
Vision/Values Statement 6

w

Water supply 50
Westgard 164, 166, 168,
169, 180, 181, 191
Westgard Rules 192, 295
Westgard Sigma Rules 192
Why should I have a written mission/
vision and values statement? 37
World Health Organization 226

Y

Youdens index 232

Z

Zen and the Art of Motorcycle Mainte-

nance 1
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