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Section 1: Purpose/Scope

In the United States, the Centers for Medicare and Medicaid Services (CMS) regulates all
human clinical laboratory testing as mandated by federal legislation entitled the Clinical
Laboratory Improvement Amendments (CLIA). Other countries have similar regulations. In
contrast, veterinary medicine is not uniformly governmentally regulated, and to our
(contributors) knowledge, instruments marketed for veterinary testing are not required to have
independent analysis or approval prior to sale. Although there is not a current global consensus
for human medicine on standards of laboratory performance, there are various supporting
consensus and/or accrediting organizations that provide standards and guidelines. Examples
include, but are not limited to: Clinical Laboratory Standards Institute (CLSI, formerly NCCLS),
International Organization for Standardization (1SO), International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC), International Laboratory Accreditation Cooperation
(ILAC), International Council for Standardization of Haematology (ICSH), European Federation
of Clinical Chemistry and Laboratory Medicine (EFLM), American Association for Laboratory
Accreditation (A2LA), American Association for Clinical Chemistry (AACC), College of
American Pathologists (CAP), World Organization for Animal Health (OIE), and Joint
Committee for Guides in Metrology (JCGM).

Failure of human laboratories to correct issues of non-compliance to federal legislation
(CLIA or non-U.S. equivalent) results in lack of accreditation and termination of laboratory
function. Limited government regulation exists for some aspects of clinical veterinary laboratory
medicine in the U.S., mainly in place for reportable diseases. Laboratory accreditation is offered
by the American Association of Veterinary Laboratory Diagnosticians (AAVLD) and is optional

(per their website, this accreditation is “designed for state and national institutions or
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organizations such as colleges, departments or laboratories, and government agencies”?). 1ISO
certification exists for veterinary laboratories but is also voluntary and is not prescriptive (ie, the
certification is a commitment statement from the laboratory, not a top-down assurance of the
standards which are provided in the guideline 1SO:15189). The American Animal Hospital
Association (AAHA) and the Royal College of Veterinary Surgeons (in the United Kingdom)
have a laboratory quality section as a component of their overall veterinary hospital accreditation
programs.

The imperative for quality control and continuous quality improvement in veterinary
clinical diagnostic laboratories and research organizations is self-evident. Inaccurate data that
inform diagnostic/treatment modalities, scholarly research, and pharmaceutical development
result in poor outcomes for individual patients and larger target populations, with corresponding
ethical, financial, professional, and legal ramifications. Lack of understanding of causes of the
statistical uncertainties that are inherent in all biologic measurements can/does lead to
misdiagnosis. This guideline is aimed at advancing the ethos of continuous quality improvement
in the veterinary laboratory setting, by raising awareness of potential sources of laboratory error,
by providing recommendations for evaluation of current practices/identification of potential
areas of improvement, and by providing actionable goals and tools for launching and refining
systems of total quality management. The ultimate objective is maximizing the quality of
laboratory output and thus value to clients/users and patients. The sections of this guideline are
not intended to be all-inclusive. Rather, they provide a minimum standard for quality assurance
in veterinary laboratories. They may augment, but should not substitute for, any applicable
licensing/accreditation or good laboratory practice (GLP) standards, which are typically more

specific per federal/state governing body requirements. This guideline does not distinguish
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quality assurance information and recommendations in relation to larger reference labs/academic
institutions vs. the private practice setting. For more information on in-clinic laboratory quality

assurance, please see the ASVCP Guideline: Quality assurance for point-of-care testing in

veterinary medicine.

This guideline is a revision of the previous (finalized 2009) document of the same name,
American Society for Veterinary Clinical Pathology’s Principles of Quality Assurance and
Standards for Veterinary Clinical Pathology, developed by the Quality Assurance and
Laboratory Standards (QALS) committee (and colloquially known as the “general guideline”™),

archived on the ASVCP website (www.asvcp.org/page/QALS_Guidelines), on a newly

established Wiley freeware page

(https://onlinelibrary.wiley.com/page/journal/1939165x/homepage/Qals) as published in

Veterinary Clinical Pathology in three sectional special reports.?3 This guideline’s intended
audiences are professional veterinary laboratorians (pathologists, technologists/technicians,
research scientists, and pathology residents), operators/users of in-clinic instruments/in-clinic
laboratories, and more broadly, all producers and consumers of clinical veterinary laboratory
data, namely the veterinarians/training veterinarians who have the responsibility of ordering
appropriate tests and properly interpreting results that inform further diagnostic and treatment

decisions.

References Section 1: Purpose/Scope

1. Flatland B, Freeman KP, Friedrichs KR, et. al. ASVCP quality assurance guidelines: control

of general analytical factors in veterinary laboratories. Vet Clin Pathol. 2010;39:264-277.
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2. Vap LM, Harr KE, Arnold JE, et. al. ASVCP quality assurance guidelines: control of
preanalytical and analytical factors for hematology for mammalian and nonmammalian
species, hemostasis, and crossmatching in veterinary laboratories. Vet Clin Pathol.
2012;41:8-17.

3. Gunn-Christie RG, Flatland B, Friedrichs KR, et. al. ASVCP quality assurance guidelines:
control of preanalytical, analytical, and postanalytical factors for urinalysis, cytology, and

clinical chemistry in veterinary laboratories. Vet Clin Pathol. 2012;41:18-26.

Resources:

https://www.cms.gov/Regulations-and-Guidance/Legislation/CLIA/index.html CLIA summary

https://wwwn.cdc.gov/clia CLIA website

www.clsi.org Clinical Laboratory Standards Institute

www.agriculture.gov.au/animal/health/system/lab-network#standards-and-accreditation and

www.nata.com.au Information on Australia’s accreditation system for veterinary laboratories

www.iso.org International Organization for Standardization

https://www.iso.org/standard/56115.html ISO’s international standard 15189: Medical

laboratories — Requirements for quality and competence

www.ifcc.org International Federation of Clinical Chemistry and Laboratory Medicine
www.ilac.org International Laboratory Accreditation Cooperation

www.icsh.org International Council for Standardization in Haematology
www.eflm.eu European Federation of Clinical Chemistry and Laboratory Medicine

www.a2la.org American Association for Laboratory Accreditation
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www.aacc.org American Association for Clinical Chemistry; also found here is DACC, Division
of Animal Clinical Chemistry

www.cap.org College of American Pathologists

www.oie.int World Organization for Animal Health

www.sga.org Society of Quality Assurance

www.isacp.org International Society for Animal Clinical Pathology

www.asvcp.org American Society of Veterinary Clinical Pathology

www.acvp.org American College of Veterinary Pathology

www.esvcp.com European College/Society of Veterinary Clinical Pathology

www.acutecaretesting.org freeware regarding daily issues of acute care testing; content is

provided by healthcare professionals around the world, including external experts, lab managers,
point-of-care coordinators, physicians and nurses

https://www.bipm.org/utils/common/documents/jcgm/JCGM 100 2008 E.pdf Guide to the

expression of uncertainty in measurement; evaluation of measurement data published by working
group of the Joint Committee for Guides in Metrology (JCGM)

dwww.aavld.org Association of American Veterinary Laboratory Diagnosticians

www.dropbox.com/s/x6itiuwlcgbymi8/AAVLD%20Requirements%20for%20an%20Accredited

%20Veterinary%20Medical%20Diagnostic%20Laboratory%20AC1%20v%202018-

07.final.pdf?dI=0 AAVLD’s requirements for an accredited veterinary medical diagnostic

laboratory

https://www.aaha.org/professional/membership/standards.aspx American Animal Hospital

Association (AAHA) accreditation program
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https://www.rcvs.org.uk/setting-standards/practice-standards-scheme/apply-for-accreditation/

Royal College of Veterinary Surgeons accreditation program

https://onlinelibrary.wiley.com/doi/full/10.1111/vcp.12099 ASVCP guideline: Quality assurance

for point-of-care testing in veterinary medicine
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Section 2: Introduction -- Total Quality Management System (TQMS)

It is useful to think of the veterinary laboratory as operating within a framework of
formalized, planned Total Quality Management, which operates as a systematic cycle/loop of
components (described below) for continuous improvement (quality improvement models were
originally adapted from industry/precision mass production).>? [Figure 1] Designing a system of
comprehensive quality management reflects a long-term commitment, with participation at all
levels of the laboratory organization, and with accountability by upper management (‘top-down’
approach).® Having a comprehensive, actionable, and revisable plan for total quality management
is a prerequisite for quality assurance, which is the outcome of the system and not merely a
component.* The following elements act in a feedback loop of continuous quality improvement.

2.1 Quality Goals (QG) represent the requirements that must be achieved to satisfy the needs of

customers/users and that ensure patient safety. This is the most important and time-consuming
step of the TQMS. Goals should be regularly reviewed. For preanalytical and postanalytical
quality, the requirement defines ensuring/maximizing sample stability/quality prior to analysis
and accuracy in reporting test results and interpretive support, respectively (please also see
sections 3 and 12). For analytical quality, the requirement is to provide test results that are
correct within stated limits. Prior definition of analytical quality goals is preferred; some goals
may be revised based on state-of-the-art performance, but such revisions should be considered
when interpreting results. Challenges in defining quality requirements arise due to the inherent
complexity of biologic systems/lability of samples and due to options of several schema that may
characterize quality goals and criteria for acceptable performance (such as biologic variation,
six-sigma, clinical decision limits, total allowable error (TEa), and measurement uncertainty).>2

Concepts and terms in the literature can be overlapping and confusing. A comprehensive
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explanation of these quality goal/requirement schema is beyond the scope of this document
(further discussion of total allowable error and sigma metrics can be found in section 4, general
analytical factors important in veterinary clinical pathology), and the reader is referred to the

ASVCP quality assurance guidelines Allowable total error biochemistry and Allowable total

error hematology,®!° and to the lists of resources/references. A systematic method of achieving,

maintaining, and refining quality goals should be explicitly outlined (accomplished via the other
components of the TQMS loop described below).

2.2 Quality Planning (QP) is the execution of quality goals, concerned with establishing,

validating, and eliminating sources of error by implementing new and better ways of meeting
customer needs, including selection/evaluation of new methods and instruments and
selection/design of routine quality control procedures, using the feedback loop informed by
quality improvement/QI (see 2.6 below and section 4 on general analytical quality). All spheres
of laboratory function should be addressed. Aside from the procedural aspects of
testing/examination processes (i.e. preanalytical, analytical, and postanalytical), planning should
address: lab organization; processing and flow of specimens through the laboratory; personnel
duties, training, and management; premises/environment; equipment; information systems;
materials; document control; and, mechanisms of personnel/process evaluation. As a thorough
discussion of these non-procedural arenas of laboratory function are outside the scope of this
document, the reader is referred to comprehensive laboratory operation guidelines developed for
human healthcare laboratories.!*2

2.2.1 Quality Manager and Team Appreciating that all laboratory personnel are members of
the quality team, it is recommended that laboratories designate a quality manager and per

laboratory size/need, a dedicated quality management team. The members of this team should
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have their duties and responsibilities outlined as a complete or partial job description, which may
overlap, but should be treated independently of, other organizational duties (for example that of
the laboratory director). This person(s) should have adequate training to undertake the role(s) and
have the responsibility and authority to implement and maintain all aspects of the TQMS. They
are accountable to upper management (as applicable per organization size) and users of the lab
regarding TQMS functioning/effectiveness and should continually coordinate the
needs/requirements of the lab’s users into the TQMS.

2.2.2 Quality Policy/Manual The total quality management system should be outlined in a
written policy statement referred to as the ‘quality policy’ or ‘quality manual’. This document
should outline the laboratory organization/personnel responsibilities and interrelationships,
laboratory philosophy, and overall approach to quality (i.e. description of the TQMS), with a
stated intention of highest standard of services to meet the requirements of users. The policy

should pronounce a commitment to: set quality goals (section 2.1), achieve continual quality

improvement, conduct regularly scheduled staff training/CE and management reviews (section
2.2.3), assure the health/safety of workers, and comply with relevant safety, environmental, and
accreditation legislation as applicable. The policy should describe the laboratory
environment/facilities, list the clientele and scope of provided services, and outline working
practices such as the management of resources, equipment, client communications, and
data/document control/disposal.'? The quality policy is not a convenient place to list the
names/numbers of all laboratory standard operating procedures (SOPs; see section 2.3) due to
frequency of changes made to the latter (SOPs can be catalogued in a separate procedural
manual). Writing and editing of the policy should be performed by the quality manager(s). The

format/length of the policy will vary with the size and needs of the facility. Accrediting
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organizations may have specific requirements. The quality policy/manual will be signed,
communicated/readily available to all personnel, implemented throughout the lab, and reviewed
by management regularly (at least annually) for appropriate updates. The document should be
incorporated into personnel training/onboarding.

2.2.3 Management Reviews are strongly recommended to synthesize/spur quality planning and
to reinforce the ‘top-down’ requirement of an effective TQMS. These should occur annually or
more frequently depending on need, size of lab, regulatory requirements, etc. Reviews should be
comprehensive evaluations of the TQMS in effectively executing of the needs and requirements
of users, and should incorporate all mechanisms of feedback and quality improvement

indicators/schema (section 2.6), including but not limited to:

Internal and external statistical routine quality control and quality assessment results (i.e.
internal audits and EQA/proficiency testing of examination processes, section 2.5)

e Feedback from clients and personnel

e Status of any implemented preventive, corrective, and improvement actions for testing

e Status of any changes in laboratory organization/management, resources, staffing, or
processes

e Follow up of previous management review action items

The findings of management reviews should be recorded and shared with personnel. New action
items should be discharged in an appropriate and agreed-upon time frame.

2.3 Quality Laboratory Processes (QLP) refer to the policies, procedures, personnel standards,

and physical resources that determine how work is done in the laboratory, directly informed by
QG and QP. Integral to this arena is the existence of a cohort of current standard operating

procedures (SOPs) for all laboratory tests and related procedures. Creation and editing of
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laboratory documents should be performed by an identified individual(s), recorded in the
document. SOPs should cover preanalytical and postanalytical processes, the operation of
necessary routine quality controls for the test/instrument (either embedded within test SOPs or
outlined in an independent SOP), sample storage/disposal, data storage/disposal, and send-out
procedures. SOPs should be compiled, stored together in a written or electronic procedures
manual (distinct from the quality policy), and easily accessible to all personnel. Upon completion
of training new personnel, there should be documented confirmation of observed competency in
assay/procedure performance in alignment with all relevant SOPs and their related procedures.
This official authorization to perform testing should become part of the individual’s training
record.! When documents are revised (review of all documents by quality manager/management
team every 1-2 years is recommended if no intermittent changes have ensued), updates should be
systematically reviewed with applicable personnel in a timely fashion, and there should be a
system of document control in place whereby only updated copies are used and obsolete versions
are destroyed or permanently archived without availability for inadvertent use or circulation. A
recommended template for elements to be included in SOPs is provided in Appendix 1.

2.4 Quality Control (QC) refers to procedures for monitoring the day-to-day work processes,

detecting problems, and making corrections prior to test reporting. Statistical quality control is
commonly employed in monitoring the analytical performance of laboratory methods, to include
method validation/verification, selection of control materials, control rules, and number/timing

of control runs necessary to efficiently detect unstable performance (please refer to section 4,

1 Sample Personnel Training Record is included in the Appendices of the ASVCP Guideline:

Quality Assurance for Point-Of-Care Testing in Veterinary Medicine.*3
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general analytical factors, for further discussion). QC may include monitoring of key quality
indicator tests? (see Table 2 and section 12, postanalytical quality, for further information on
quality indicators), evaluation of control data for trends or shifts that may indicate developing
problems, and review of patient data. In the analytical phase, non-conformities identified in
control or patient results should result in suspension of result reporting, corrective action(s)
taken, and clients contacted as necessary. Non-conformities or other identified problems are
documented and reviewed at regularly specified intervals by the quality manager(s) to determine
and initiate corrective and preventive actions.

2.5 Quality Assessment (QA) refers to the broader monitoring of other dimensions (aside from

statistical QC for the analytic phase) or characteristics of quality. Along with quality control, it is

the measure of how well laboratory work is being done. (example elements in Tables 1 and 2).

2 Quality indicators/key quality indicators (KQI) are select tests/processes that the laboratory has
determined to be critical for its clientele, which may potentially have profound repercussions
should an unreliable result be reported, and/or which have been found to be problematic
previously. Key quality indicators will vary from lab to lab. Examples may include: %/no.
specimens of insufficient volume, %/no. of hemolyzed specimens, %/no. unacceptable
performances per year in EQA/PT tests, %/no. positive heartworm antigen tests, %/no. high/low
calcium measurements, %/no. high/low albumin measurements, %/no. reports delivered outside
of turnaround time, %/no. amended reports; no. lab information system downtime incidents per
year, etc. In human medicine, the use of Qls has proven effective in the quality improvement
strategy, as KQI data are an important source for defining the most up-to-date error rate in the

total testing process.'*¢ See also Table 2.
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Pre/postanalytical factors and turnaround time are monitored through QA activities (please see
section 3 and section 12, respectively, for more information on preanalytical and postanalytical
testing phases). Internal audits/training/continuing education and external quality assessment
(EQA)/proficiency testing (PT) are important components. Internal audits should be scheduled
and conducted using agreed-upon criteria, with recommendations and a suitable time frame for
any preventive and corrective actions in response to non-conformities/deficiencies (in turn, these
actions must be documented, reviewed, and further acted upon as applicable in an agreed-upon
period). EQA/PT provides an external measure of analytical performance. The EQA program
should be relevant to laboratory test services and ideally encompass preanalytical, analytical, and
postanalytical phases. More information on EQA can be found in the ASVCP guideline: External

guality assessment and comparative testing for reference and in-clinic laboratories. As for

internal audits, these reports should be recorded, communicated to staff, reviewed, and acted
upon, with action steps re-evaluated in turn.

2.6 Quality Improvement (Ql) is aimed at determining the root causes/sources of problems/non-

conformities identified by any means, with direct feedback into further quality planning (QP) for
any necessary corrective and preventive actions. There should be a defined responsibility chain
and time frame for change implementation. When considering the schema of total quality
management/continuous quality improvement, it is important to recognize that non-conformities
can occur in all different aspects of the laboratory environment.!” These can be identified in
several different ways, to include:

e Monitoring of key quality indicators

e User feedback/complaints

e Internal quality control statistical data
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e Failed calibrations

e Checking of consumable materials

e Staff comments (to this end, lab staff should have a simple mechanism for identifying
opportunities for improvement; for example, quality improvement suggestion forms
(“improvement opportunity forms” at all lab stations)

e Reports checking

e Laboratory management reviews

e Internal and external audits

The percentage of errors/non-conformities in tracked key quality indicators should be tabulated
monthly and annually and compared with pre-determined quality goals for these indicators
(examples from pre- and postanalytical phases, respectively, may include the percentage of
hemolyzed samples and percentage of amended reports; admittedly many preanalytical errors are
beyond the laboratory’s control, but the lab should advise its clients on best practices). These
information sources should be incorporated into annual management reviews (section 2.2.1).
Preventive and corrective actions are to be recorded, made available to all staff, and evaluated/re-
evaluated at determined time points for effectiveness, with further action steps as deemed
appropriate. The results of the QI program should be incorporated into the training/continuing
education of staff members.

2.6.1 User/client evaluations should be encouraged by periodic dissemination of surveys or
other instruments to a laboratory’s clients and staff. These should encourage identification of
positives and negatives and section(s) for open-ended comments. The results of these evaluations

should be available to all laboratory staff and used to identify suitable prevention and corrective
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actions. To ensure full transparency, the results of internal and external audits should be

available to laboratory clients.
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Appendix 1: Recommended content for a Standard Operating Procedure (SOP)

Note: all sections will not be applicable to all SOPs; for completeness/document uniformity,

these sections should be named and followed with ‘N/A’
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VI.

VII.

Title page Include the title, unique identification number, date of issue, number of pages,
issued by/approved by, dept. (if needed), original issue date (if this is a revision), revision
number (with statement that this version supplants all previous versions), and scheduled
expiration/review date. A title header and cumulative page number should be repeated at
the top of each page (page 4 of 10, etc.); this is to ensure that no pages are missing from
the document.

a. ltemization of specific elements that have been revised from the last version (table

format)—should list the number and applicable section(s) of the previous SOP.

Scope/purpose/principle and application of the procedure/assay.

Frequency/days of the week that the test/procedure is performed and expected turnaround
time (TAT) for results reporting.

Health/safety issues Include necessary personal protective equipment, handling and

disposal of hazardous materials.

Specimen requirement Include specimen collection/patient preparation (to include any
species-specific information and minimum volume required for blood/urine/fluid
samples), any additives or special handling requirements, transport, storage/stability, and
rejection criteria.

Supplies Include reagents (storage/shelf life, preparation, manufacturer),
materials/control materials, equipment, any other needed supplies/tools to complete the
procedure.

Routine quality control (eg, calibration, controls, and instrument

maintenance/performance evaluations) Include basic troubleshooting steps (e.g. rerun,

dilutions) and how to document errors/out of control data. Should state that if controls
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fail, patient samples should not be run. If extensive, routine QC can be detailed in a
separate SOP and referenced in the test SOP. This section should include actions to be
taken when a system/procedure is down (e.g. send-out, acceptable sample storage time)

VIIl.  Procedure List detailed, step-by-step instructions such that a newly trained employee
could run the test independently.

IX. Interpretation criteria This may include standard comments, reference

intervals/reportable ranges, sensitivity/specificity, any interferences (such as hemolysis,
lipemia, icterus, anticoagulants, medication effects, etc.), limitations (such as lack of
positive titer immediately after infection), or other reasons for test invalidation or
possible error in results. List of any relevant calculations performed manually or within
the laboratory software.

X.  Resulting/reporting List names/numbers of specific record/forms that are to be utilized.

Storage/disposal of samples and generated data.
XI.  Signature of the approving person(s) and their title(s) [this may be listed on the title
page/front of document].

XIl.  Pertinent references This may include an appendix/appendices if applicable, e.g.

observations/troubleshooting logs, package inserts, quick reference guides, etc.

Section 2, Figure 1: Loop of Total Quality Management Systems
From Westgard QC Lesson QP2: Assuring Quality through Total Quality Management

[https://www.westgard.com/lesson50.htm]
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Q Planning
Laboratory
Q Q Processes

In.provemem
Standards #

"Q«Q

Assessment Control

Section 2, Table 1: Example of a Total Quality Assessment Plan that identifies control
mechanisms, frequency of use, and acceptability criteria [adapted from Figure 15-7, p. 205,

Westgard JO. Basic QC Practices. 4" ed. Madison, WI: Westgard QC, Inc.; 2016.®

Control Mechanism Frequency Criteria for Acceptance

Preanalytical Controls (see also section 3, general preanalytical factors)

Specimen labeling Every specimen Correct name on label (ideally

two unique identifiers)

Accession form data Every accession form Clinic 1D, patient
ID/signalment, test ID, relevant

history

Sample inspection Every sample No visible hemolysis or lipemia
or appropriate comments when

present as to potential effect

Analytical Operator Controls
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Standard operating procedure (SOP)

Annual SOP review

Signed by laboratory supervisor

Operator training

Every operator

Proficiency by laboratory

supervisor
Operator competency Annually Proficiency assessment
Operator checklists (from SOPs) Daily Laboratory supervisor review

System maintenance

Manufacturer schedule

Laboratory supervisor review

Analytical Test System Controls (see also section 4)

Sample acceptability

Every sample

Instrument indices and volume

limits

Statistical QC

Startup + Monitor

Controls within limits

External quality

assessment/proficiency testing

At least annually to
quarterly, depending on the

species/test

Acceptable performance

Analytical Test Review Controls

Plausibility check*

Every sample

Results reasonable for age,

history, and other findings

Postanalytical Controls (see also section 12)

Turnaround time**

Each sample

Set by laboratory policy

Customer feedback

Each complaint

Laboratory supervisor review

Key quality indicator review***

Daily-monthly, depending

on the needs of the lab

Set by quality management team

*The plausibility check can be done in several ways, e.g. at the individual animal/profile level or review of data by

measurand.

**Although turnaround time (TAT) is frequently classified as a postanalytical event due to its measurement at this

phase, it should be recognized that preanalytical and analytical steps contribute to the TAT and should be evaluated.
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***Key quality indicators (KQIs) may vary with the type of laboratory, the types of tests conducted, and the
problems identified. Tests chosen for KQIs should have the least margin for error for clientele due to the use of these
results for clinical decisions of treatment, additional investigation, and/or monitoring. Examples may include no./%
high calcium concentrations, no./% positive heartworm tests, no./% positive Coggins tests, etc. Or, if there has been
problem identified previously, the lab may want to choose these tests to ensure that corrective and preventive actions

are effective.

Section 2, Table 2: Example Quality Assessment Plan to monitor performance and
effectiveness of a Total Quality Management Plan [adapted from Figure 19-2, p. 249,

Westgard JO. Basic QC Practices. 4™ ed. Madison, WI: Westgard QC, Inc.; 2016.¢]

Quiality Indicator* Measure Frequency

Workload Review sample log and count At least monthly
total number of patient tests

performed

Suboptimal samples Review sample log and count At least monthly
numbers of hemolyzed, lipemic,

insufficient volume, and

improper ID

Test system flags Count device alerts and error At least weekly & monthly
flags totals

Runs/tests rejected Review QC log and count runs At least monthly

rejected due to device flags

Review QC log and count runs At least monthly

rejected due to control flags
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Imprecision

Calculate mean, standard
deviation (SD) and coefficient
of variation (CV) of

measurements on stable controls

At least monthly

Operator variability

Calculate SD of duplicate repeat

patient test results**

At least monthly

Bias from EQA survey

Calculate average bias for each

survey event

At least 3 times per year

Turnaround time (TAT)

Tabulate TAT measures

At least weekly

Calculate average TAT

At least monthly

Customer feedback

Count number of complaints

Summarize causes

Summarize corrective actions

At least monthly

Operator competency

Supervisor observation and

review of operator performance

At least annually

Laboratory management

[/supervisor review

Inspection and review of all QA

measures and reports

At least quarterly

*In human medicine, the International Organization for Standardization (ISO) mandates that “the laboratory shall

establish Qls (quality indicators) to monitor and evaluate performance throughout critical aspects of pre-

examination, examination and post-examination processes” and that “the process of monitoring QIs shall be

planned, which includes establishing the objectives, methodology, interpretation, limits, action plan and duration of

measurement.”*-14

**Refers to repeat patient testing for statistical quality control; please see sections 4.1 and 4.7 for more

information.
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Resources:

https://www.westgard.com/lesson50.htm. Westgard QC website. Basic Planning for Quality,

lesson QP2: Assuring Quality through Total Quality Management (partial lesson/book excerpt
from: Westgard, JO. Basic Planning for Quality. Madison, WI: Westgard QC, Inc.; 2000).*

https://www.westgard.com/essay35.htm Essay on Six Sigma Quality (note: many of the

Westgard QC website materials require a no-cost registration).

https://www.westgard.com/lesson52.htm. Westgard QC website. Basic Planning for Quality,

lesson QP 4: Designing a Practical process (partial lesson/book excerpt available on website).

https://www.westgard.com/lesson57.htm. Westgard QC website. Basic Planning for Quality,

lesson QP 9: Practice makes proficient.

https://www.iso.org/standard/56115.html International Standardization Organization (1SO)

Guideline 15189 for quality and competence in medical laboratories, published 2012.°

Checklist for Guideline Section 2, Total Quality Management System (TQMS)

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The

numbers in the first column correspond to the section numbers in the guideline.

Guideline Recommendation

Compliant?

Additional Comment(s) by Auditor

2.1 Quality Goals for accuracy/effectiveness of
lab function that will meet the requirements of
users, are defined (pre-determined prior to test
evaluation) for the preanalytical, analytical, and
postanalytical phases. Goals are evaluated and
refined on a pre-determined schedule.

O Yes O No

2.2.1 Size dependent, the lab has a dedicated
quality manager or management team as a
complete or partial job description. This
person(s) has outlined duties and appropriate

L Yes O No
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training to successfully execute the lab’s Total
Quality Management System (TQMS).

2.2.2 There is a written quality policy/manual
that specifies a commitment to continuous
quality improvement and outlines the tenets of
lab organization, lab function, and the TQMS.
The document is available to all workers,
updated as needed, and incorporated into
personnel training.

LI Yes

L1 No

2.2.3 Annual management reviews of the
TQMS are scheduled, and results are shared with
laboratory personnel. Time frames for
implementation and evaluation of any changes
are established.

L] Yes

01 No

2.3, Appendix 1 The laboratory has a catalogue
of easily-accessible standard operating
procedures (SOPs) for all laboratory processes
and procedures.

O Yes

0 No

2.3, Appendix 1 Laboratory personnel are
required to read/sign off on all SOPs pertaining
to their job duties, with scheduled document re-
review (mandatory upon any SOP update) and
formal demonstration of SOP knowledge.

O Yes

0 No

2.3 All laboratory SOPs are updated upon any
procedure/method/instrumentation changes and
otherwise reviewed every 1-2 years for accuracy
and completeness.

LI Yes

1 No

2.4 Routine quality control procedures are
established for all instruments/methods (see
section 4 for more detailed guidelines).
Identified non-conformities initiate
corrective/preventive actions, and clients are
contacted as necessary if non-conformities have
impacted patient results.

[ Yes

[ No

2.5, 2.6 Periodic internal and external
audits/assessments are scheduled, to include
enrollment in an external quality assurance
(EQA)/proficiency testing (PT) program.

O Yes

[ No

2.1,2.4,2.6, Tables 1,2 Key
quality/performance indicators are established

O Yes

I No
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for preanalytical, analytical, and postanalytical
phases, with regular calculation of the
percentage of errors/non-conformities that are
compared against predetermined goals.

2.6 Quality improvement suggestion forms are
readily available for all personnel.

O Yes O No

2.2, 2.6 Preventive/corrective actions to
eliminate/minimize detected sources of error are
implemented continually as necessary and
evaluated for effectiveness on a determined
schedule. Design and implementation of these
actions are made by defined personnel.

0 Yes O No

2.2.3,2.6.1 Feedback surveys are provided to
lab personnel and users/clients, and results are
shared with laboratory staff and evaluated at
management reviews.

O Yes O No
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Section 3: General Preanalytical Factors Important in Veterinary Clinical

Pathology

3.1 General Considerations According to the concept of the “brain-to-brain loop” in human

laboratory medicine, the generation of any laboratory test result consists of ten steps: ordering,
collection, identification (at several stages), transportation, separation (or preparation), analysis,
reporting, interpretation, action, and outcome.>? The preanalytical and postanalytical phases
(please also see section 12, general postanalytical factors) can be more difficult to monitor for
quality assurance than the analytical phase, often because the responsibility overlaps laboratory
and clinical departments. Optimization of preanalytical factors is vital to ensure that appropriate,
high-quality biologic samples are submitted for testing, and to minimize variation that may result
from lack of standardization in specimen collection and handling. Several studies have measured
the preanalytical phase as comprising the highest share (up to 77%) of all laboratory error,
warranting increased attention to, and documentation of, this phase.*

3.2 Test Selection Sometimes referred to as the “pre-preanalytical” sub-phase,>® this is the

often-overlooked topic of test selection by the clinician that is based on history, signs, and
perceived value of the diagnostic information®. Clinical pathologists (with input from other
specialists as appropriate) should be directly available to clients/users by telephone and email for
consultation regarding testing choice(s) based on cost/risk vs. benefit analysis. Variables to
consider include patient clinical status/stability, financial resources, potential for additional
diagnostic yield, and mapping of useful future clinical decision points for any further indicated

diagnostics and/or treatments based on current test results.

3 Of note, some references use the term pre-preanalytical phase more broadly to include all steps taken before the
sample arrives at the laboratory, vs. the preanalytical phase defined as sample preparation steps performed solely in
the laboratory prior to analysis, such as data entry, centrifugation, and aliquotting.”
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3.3 Specimen Collection, Handling and Transport For all assays, the laboratory should

provide information to clients electronically, in written materials (such as a laboratory services
manual, special information sheets, journal or newsletter articles), and/or by telephone (if the
software is capable, telephone communications should be recorded in the laboratory information
software) regarding:

e patient preparation (e.g. fasting/feeding, dynamic challenge test protocols)

e sample type (e.g. whole blood, urine, plasma, serum)/volumes

e proper collection (container(s) and proper sample:anticoagulant ratio, as applicable)

e handling/delivery/shipping procedures (to include any special precautions for handlers)

e notification to laboratory when submitting potentially zoonotic specimens (e.g. CSF from

a Rabies suspect)

Laboratory-provided submission guidelines should also contain complete laboratory contact
information, hours of operation/any after-hours services, names of the tests which are sent out to
a contracting laboratory (with names/contacts of these laboratories provided upon request),
expected turn-around times, time limits for add-on test requests, and a list of key factors known
to affect test performance/interpretation, to include potentially interfering pharmaceuticals, such
as bromide or anesthesia during sampling (potential interferences should also be included in test
SOPs and reports; see section 2, Appendix 1 and section 4). Samples should be collected
according to standard practices. Overnight fasting is ideal for blood testing in monogastric
animals to avoid postprandial interferences. Instrument manufacturers’ package inserts may have
detailed descriptions of appropriate samples, including collection tubes and handling conditions.

The specimens should be handled carefully and transported to the laboratory in a timely manner
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under conditions appropriate for the type of sample and its stability*, avoiding temperature and
humidity fluctuations. Also important are any necessary personnel precautions for applicable
biohazard and/or environmental safety issues (as noted above, to include clear and specific
labeling of specimens with potential zoonotic risk). Any incidents during transportation that may
affect sample quality or personnel safety should be recorded and reported to the laboratory and
by the laboratory to the submitting clinic.

3.4 Specimen Identification/Accession Forms The patient name/ID, date, and type of

specimen (e.g., whole blood, serum, plasma, urine, cavitary fluid, joint fluid, mass aspirate, etc.)

“Studies are limited in veterinary medicine, and recommendations for maximum sample
transport/storage times are made cautiously, with the common sense understanding that
minimization of lag time between collection and analysis is best practice. Whole blood for CBC
analysis may be stable for 2-3 days at room temperature, but analysis of a either
chilled/refrigerated or room temperature sample within 24h of collection is most reliable, with
refrigeration beyond 24h if the sample has been at room temperature already and analysis is
further delayed.®'® Non-mammalian species such as birds and sharks have a shorter window of
whole blood stability prior to analysis.'>'? Please see section 7 regarding urinalysis specimens.
Plasma/serum for biochemistry and endocrinology panels will have varied stability depending on
the measurand of interest and can be frozen (<20°C) for long term delayed (>7d) analysis. As for
hematology specimens, it is standard practice to analyze plasma/serum specimens within 24h of
collection (room temperature or refrigerated), having centrifuged/separated from formed
elements of blood promptly after collection (for serum, separation after complete clot

formation/~20-30min after collection).
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should be written on the tube/specimen label. Use of pencil or printed attached label directly on
glass cytology slides with anatomic site source is recommended (with care not to wrap labels
around the back edges of slides, which can interfere with slide positioning on the microscope
stage). Unlabeled slides in a labeled slide container is suboptimal practice, as slides may become
separated from their container(s) during accessioning.

Specimens should be identified on the accession/request form with pertinent information
as determined by the laboratory, including but not limited to:

e name/contacts of submitting clinic (to include attending clinician name)

e Owner name

e complete signalment (to include species, breed, age/estimate, reproductive status) and

weight; the latter is important for interpreting relative size of space-occupying lesions?®)

e date/time of collection

e specimen type

e gross description and anatomic location as appropriate for the sample type (cytology,

histology, microbiology)

e relevant clinical history as appropriate for the sample type (to include, for lymph node

samples, which/how many nodes are enlarged and which/how many have been sampled)

e collection method (urinalysis and cytology interpretation)

Unique and matching identifiers (preferably two identifiers if possible) should be written on
both the submission form and the specimen container/slides. Handwritten forms should be
clearly legible. Barcodes should not be applied by the submitting clinic unless supplied by the
reference laboratory and co-identified as such with laboratory name. If laboratory personnel must

call the client to gather missing information, any additional handwritten information on the
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accession form should be dated and initialed, as well as added into the laboratory information
software.

3.5 Test Identification The requested test(s) should be clearly marked on the submission form,

as well as identification of any priority status. The laboratory should assign a unique
identifier/test code for each test or test panel.

3.6 Specimen Accessioning The specimen information, identification, date/time of receipt into

the laboratory, and requested tests should be correctly entered into the laboratory information
system (LIS; please see section 3.11 below). Specimen aliquoting and delivery to the appropriate
section within the laboratory or between several departments should be coordinated. Any
problems with sample quality which may affect analysis (including but not limited to hemolysis,
lipemia, icterus, gelling/clotting of the sample) should be recorded and reported to the client. If
the inaccuracy associated with sample quality is likely to be significant, testing should not be
performed on the sample. If specimen quality is unacceptable, the client should be contacted
immediately, and a new specimen requested. Even if a sample is deemed reportable (or if the
client requests the test be run regardless of laboratory-recommended rejection), comments
concerning the likely effects of suboptimal specimen quality on test results should be
communicated to the client in the laboratory report.

3.7 Client Communication and Education (note: sections 3.7-3.12 also pertain to the

postanalytical phase, and these areas should be outlined in the laboratory’s quality policy per
section 2.2.2) Communication between laboratory personnel and clients should be timely and
courteous regarding preanalytical factors influencing laboratory test results (e.g., inappropriate
test choice for the clinical scenario, incomplete submission form/container labeling,

inappropriate sample type or sample handling, poor sample quality, etc.). Feedback from clients
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to the laboratory should be encouraged to forge a team approach to preanalytical quality control.
These procedures should be specifically outlined in a “response to client feedback™ SOP.

3.8 Laboratory Environment The laboratory environment should meet standard requirements

necessary for safe, efficient, and effective performance. Consideration for adequate security and
minimization of non-laboratory personnel traffic through the lab (e.g. limited access to
microbiology section to minimize possible contamination, etc.) should be considered in the lab
design. The workspace should be well-lit, clean, uncluttered, and organized, to include dedicated
areas for specimen reception/accessioning, specimen storage, and supplies. Appropriate sterility,
electrical, humidity, and temperature conditions should be maintained, and there should be
control of dust, electromagnetic interference/radiation, sound, and vibration. Plants should not be
kept in the laboratory due to the potential for contamination of samples with extraneous biologic
material.** Equipment and instrumentation should be in working order. SOPs should be easily
accessible for reference when needed. Laboratory facilities and operation should be compliant
with appropriate government legislation. Breakroom, restroom, protective equipment storage,
and any necessary changing/locker facilities should be easily accessible and well-maintained.
These non-testing areas should be clearly marked as separated from the clean zones of the
laboratory where personal protective equipment/PPE (lab coats, gloves, and safety glasses) is
required and food/drink prohibited.

3.9 Personnel Health and Safety Conditions should be comfortable and appropriate for data

entry/transcription, handling of specimens, testing, specimen disposal, and all other tasks.
Ergonomic accommodations should be made to mitigate effects of repetitive work, long-term
sitting or standing, and potential injury. PPE should be appropriate for handling and operating

equipment in all areas of the clinical laboratory. Notices, specialized labeling, and safety
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procedures for the handling, storage, and disposal of all samples, waste, and other supplies
should be appropriate for the type of material. Personnel should receive safety and biohazard
training regarding exposure to potentially hazardous radiation, chemicals, or infectious
pathogens present in reagents and biologic materials, to include basic prevention of bacterial
contamination, information on zoonotic diseases, and emergency training in the event of
fire/massive contamination. All health/safety training should be documented, and personnel
should be aware of their responsibilities. Appointment of a health/safety officer is recommended.

3.10 Personnel Requirements Personnel should meet training requirements as indicated for

specific areas of the laboratory. Training, competency assessments with all duty-related SOPs,
continuing education (CE), and reevaluation/recertification for specialized tasks should be
regularly scheduled and documented. Resources should be available for training and CE. The
laboratory should be staffed appropriately to meet the workload so that delayed processing and
specimen deterioration does not occur. Appointment of a training manager is recommended.

3.11 Laboratory Information (Management) Systems (LIS a.k.a. LIMS) LIS improve

accuracy and efficiency of the laboratory. Prior to implementation, a LIS should be thoroughly
evaluated and verified for the ability to maintain accurate and secure records. Inefficient and
unwieldy LIS should be updated or enhanced based on the needs of the laboratory. LIS should
meet all applicable governing legal regulations for medical record archives. Problems with
sample accessioning, data backup, or archival storage/retrieval capability should be corrected
immediately. Important features include:
e record of date/time of specimen receipt (comparison with sample collection date/time can
help improve issues with potential sample degradation; comparison with report release

date/time will assess turnaround time)
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identification of expedited submissions

identification of submissions with inherent environmental/zoonotic safety concerns

tracking/record of any amended results

tracking the storage location of the sample (e.g., immunology vs. hematology; frozen vs.
refrigerated vs. slide box designation)

3.12 ldentification of Qutsourced Tests Clients should be informed of tests that are referred to

other laboratories (i.e. “outsourced tests” or “send-outs”). The referral laboratory should be
carefully evaluated for competence in performing the requested measurement(s) and should have
documentation of test validation. Expected turn-around times and respective responsibilities for
interpretation and reporting should be defined/agreed upon by both laboratories. Records
documenting specimen referral (including logging dates and tracking numbers for shipped
samples), receipt of reports, and forwarding of those reports to the client should be maintained

(please also see section 12, general postanalytical factors).
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Section 3, Figure 1: Schematic of the Total Testing Chain, from the clinical decision to order
a test through the value of the test result in ongoing clinical decisions/healthcare process

[courtesy of Dr. Emma Hooijberg]
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Resource:

http://www.biostat.envt.fr/pre-analytical-variability/ Preanalytical Variability Advisor, a

database that can be searched by analyte, species, specimen, factors of variation, and/or keyword,

identifying published sources of preanalytical variation with references.
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ASVCP QALS Guideline

Version 3.0 (2019)

Checklist for Guideline Section 3, Preanalytical Factors Important in Veterinary Clinical

Pathology

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation

Compliant?

Additional Comment(s) by Auditor

3.2 If on staff, a veterinary clinical
pathologist and/or other specialists is/are
available to clients to offer input on
appropriate test selection(s).

O Yes [ No
O N/A

3.3 Offsite laboratory clients (i.e. not
pertaining to private practice in-clinic labs)
are provided with a test submission manual
that lists sample requirements, appropriate
collection and transport procedures, and
expected turnaround-time for results.

O Yes [ No

3.3 Laboratory clients are advised to ideally
have monogastric animals fasted overnight
(as permissible by clinical status) for routine
hematology/biochemistry, with checkboxes
to indicate “Y/N fasted’ on the laboratory
submission form.

O Yes [ No

3.3 Sample couriers have a means to record
and report to the laboratory any incidents
during transportation that may affect sample
quality or personnel safety. In turn, the
laboratory should include this information to
the client in the report.

O Yes O No

3.4 Laboratory clients are advised to label
all tubes/slides directly with specimen type
and unique patient ID, plus anatomic
location for cytology slides.

O Yes O No

3.4, 3.5 Accession forms contain filled out
areas for:
e submitting clinic contacts

O Yes O No
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e date/time of collection

e patient ID

e complete signalment

e sample type/site source

e collection method (for
urinalysis/cytology)

e Drief, pertinent history as indicated by
sample type (cytology/
histopathology/microbiology)

e requested test(s)

3.4 Any handwritten information on the
accession form should be neatly legible.

O Yes [ No

3.6 Accession/test information is entered
completely into the laboratory information
management system (LIS/LIMS).

O Yes [ No

3.6 Any problem with sample quality is
recorded and communicated to offsite clients
and appropriate laboratory staff. Testing is
not performed on significantly corrupted
samples, with repeat submission requested. If
testing of a compromised sample is

requested by the client after notification, a
disclaimer for extremely cautious
interpretation is clearly indicated on the
report.

O Yes [ No

3.7 Communication between laboratory
personnel and clients should be timely and
courteous regarding preanalytical factors
influencing laboratory test results (e.g.,
inappropriate test choice for the clinical
scenario, incomplete submission
forms/container labeling, inappropriate
sample type or sample handling, poor sample
quality, etc.). Feedback from clients to the
laboratory should be encouraged. There is a
formal system for discharging and evaluating
any necessary corrective actions in response
to client feedback.

O Yes O No
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3.8, 3.9 The laboratory environment is safe
and comfortable, organized for workflow,
and compliant with biohazard regulations, to
include all necessary safety training, posted
notices, and personal protective equipment
(PPE). Safety training is documented.
Appointment of a health/safety officer is
recommended.

L1 Yes

1 No

3.10 Personnel are adequately trained in
laboratory SOPs and have ongoing
competency evaluations at appropriate
intervals for their area(s) of specialization,
with documentation. Appointment of a
training manager is recommended.

O Yes

0 No

3.11 The laboratory information system
(LIS) is periodically reevaluated and updated
for maximal efficiency. Records are archived
for an appropriate time.

O Yes

[ No

3.12 There is an organized protocol for any
send-out testing, to include a clear policy for
postanalytical responsibilities of each lab.

L] Yes

1 No
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Section 4: General analytical factors important in veterinary clinical

pathology*

*Note: this section has been merged with the clinical chemistry section from the previous version
(2009) due to content overlap. It is important to note that while the information below is directly
applicable to clinical chemistry testing, it is germane to all areas of veterinary clinical pathology
laboratory testing and will be referenced in other sections of these guidelines.

4.1 Terms/Definitions Please also see these previously published ASVCP guidelines:

Allowable total error biochemistry, Allowable total error hematology, and External quality

assessment and comparative testing for reference and in-clinic laboratories.

Allowable total error (TEa) — A quality goal (see section 2 for more information on setting
quality goals/standards) that sets a limit for combined imprecision (random error) and bias
(inaccuracy, or systematic error) that are tolerable in a single measurement or single test result to
ensure clinical usefulness. TEa should be determined before quality assessment of a method;
although it can be derived mathematically from clinical decision limits and/or known biologic
variation, it is not a measured quantity (vs total observed error, below), but rather a set
benchmark. Ideally the TEa is based on clinical experience with the measurand in the species of
interest. If a TEa is derived from judgement based on experience with the measurand in other
species, it should be considered conditional until proven to be useful in a clinical setting.

Bias — The difference between the measured result and that obtained from a known standard,
reference material, or other well-characterized field method. Generally used to describe the
inaccuracy (systematic error) of a method relative to a comparative method in a method
comparison experiment. The term bias in difference plot analysis (expressed in measurand units)

equals the difference between the mean values of the two methods being compared or the
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average of all the differences between the paired results. Bias may also be expressed as a
percentage according to the formula bias (%) = ([mean measured — MeaN target]/Mean target) X 100.
This calculation of total systematic error includes constant and proportional bias (if present).
Constant bias is independent of measurand concentration/activity (i.e. is constant throughout the
range of measured values), whereas proportional bias changes as measurand concentration
changes (regression analysis allows the quantify the proportional and constant biases via slope
and intercept, respectively; 4.3.4). An analytical method can have one or both types of bias. Bias
should be assessed at several clinical decision limits and can be investigated through comparison
of methods, interference, and recovery studies. Along with imprecision/random error,
bias/systematic error measurement is used to calculate total observed error (TE0).
Bracketed QC — Describes a continuous laboratory production process with periodic QC runs at
predetermined intervals; two consecutive QC events define (“bracket”) a reporting interval of
results (“run size/run length”).
Coefficient of variation (CV) — A representation of imprecision (random error), biologic
variation, or other variability in a population; mathematically, CV is standard deviation (SD)
divided by the mean and expressed as a percentage. CV can be assessed through short-term and
long-term replication studies.

CV (%) = ——x 100
Commutable/commutability — Equivalence of the mathematical relationships between the results
of different measurement procedures for a material (such as a reference material or quality
control material) and for representative samples from healthy and diseased individuals. In

practical terms, the property of commutability refers to the fact that a material interacts with the

test system in the same manner as patient samples (i.e. lacks “matrix effects”).! For a more
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complete discussion of commutability, please see these ASVCP Guidelines: Allowable total

error biochemistry and External guality assessment and comparative testing for reference and in-

clinic laboratories.

Control Rules — “Rules”/guidelines (frequently called “Westgard rules” in tribute to the pioneers
of this work in human medicine) which are used to decide whether a measured quality control
material is within expected limits and whether to accept or reject current instrument
performance. An example of a common control rule is 1-3s, whereby if one measurement falls
outside of three standard deviations of the mean of past control data (the mean can also be
adopted from the manufacturer of a commercially available control material), the measurement is
deemed “out of control” and troubleshooting measures are instituted to further investigate
sources of systematic and random error(s). Control limits/rules are commonly mapped on a
Levey-Jennings chart for visual representation of each control measurement. The process of
choosing appropriate control rules for a measurand using a particular instrument/method is called
QC validation and will depend on the TEa, measured bias, measured imprecision, desired
probability of error detection, and desired probability of false rejection.

Delta Checks — Evaluations in which previously defined differences in serial patient results and
the clinical history are used to evaluate if the detected change (usually to exceed the
measurement uncertainty, dispersion, reference change value, or other predetermined limit) is
likely to be of statistical or clinical significance, and if it is anticipated based on the progression
of an underlying condition, treatment, or other factors. In human medicine delta checks are
typically performed on patients having serial tests in short time intervals (i.e. inpatients), using

measurands of lower biologic variation; delta check limits are typically set to flag improbable
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changes (those not based on true patient changes). Use of a Reference Change Value is one
method of evaluating if a change in serial results is likely to be of clinical significance.?®
Diagnostic Sensitivity — The ability of a test to correctly identify patients who have a given
disease or disorder; the more sensitive a test, the fewer false negative results it will produce. A
diagnostically sensitive test is desirable when seeking to diagnosis a potentially dangerous
disease (when the consequence of missing a diagnosis is severe).

Diagnostic Specificity -- The ability of a test to correctly identify patients who do not have a
given disease or disorder; the more specific a test, the fewer false positive results it will produce.
Diagnostically specific tests are used as diagnostic tests or verification tests if a prior test (of
another type) suggests that disease may be present. Highly specific tests are also useful when the
therapy for the condition in question is potentially dangerous or very expensive, helping to
ensure that the disease or condition is correctly identified as being present before embarking on a
treatment plan.

Difference (Bland-Altman) Plot — A graphical method to compare two measurement techniques.
The result of differences (or alternatively the ratios) between the two techniques are plotted
against the result of the averages of the two techniques. Formulas allow computation of the mean
of the differences, the agreement limits (limits comprising the central 95% of the differences
between the two techniques, i.e. mean difference line +2SD), and the 90% confidence intervals
of both the mean of the differences and the agreement limits. The difference between the line of
equality (black dashed line in figure below) and the mean of the differences (blue line)
corresponds with the bias between the two methods. This step alone is not sufficient to interpret
the commutability of the two methods; the next step consists of comparing the distribution of the

results with the limits of agreement (pink lines in this diagram) of the measurand to see if the
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new method can indeed be used in place of the former method and yield similar clinical

conclusions.*

Bland-Altman Difference Plot

60— PS
*
et et e ess B 1208 S
40 + 43.7
& *
~ &
)
8 *
g 201 * "
= * ¢ & A 2
= - @
o - t‘Z’ " < Mean
& = =)
2 + s - 5 ? - 76
g o o 3 .
@ * *
] * .
2 20} *
£
& SRRSO AT . .-
* -28.5
- &
-40 .
) ! I 1 1 1 1
50 100 150 200 250 300

Mean of Method 1 and Method 2

External Quality Assessment (EQA) — Inter-laboratory comparisons and other performance
evaluations that may extend throughout all phases of the laboratory testing cycle, including
interpretation of results. Types of EQA include peer comparison and comparison with known
values of reference materials or standard solutions with agreed upon results based on expert
opinions or other harmonization efforts. EQA programs are typically administered by a 3 party
organization but can be implemented within a multi-site/multi-instrument laboratory system. The
clinical relevance of an EQA program depends on commutability of the result obtained from the
comparative specimens with that of patient samples and on the method by which the result of the
comparative specimen is determined.

Imprecision — the degree to which repeated test analyses/runs on the same sample may give
differing results. The lower the imprecision, the smaller the amount of random variation. A
precise test method has reliably reproduced results. Imprecision is represented mathematically
by standard deviation or coefficient of variation, and along with bias, is used to calculate total

observed error (TEO).
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Key Quality/Performance Indicators — Objective measure for the assessment of performance of
laboratory functions; these may include parameters reflecting pre-analytical, analytical and post-
analytical factors, chosen based on those aspects that have been shown to be of importance for
users in general, and/or those aspects that have been identified as problematic for an individual
laboratory based on history, client complaints, non-conformities, or internal needs. For example:
%/no. received specimens of insufficient volume, %/no. of hemolyzed specimens, %/no. of
unacceptable performances per year in EQA/PT, %/no. of positive heartworm antigen tests,
%/no.high/low calcium measurements, %/no. high/low aloumin measurements, %/no. of reports
delivered outside of turnaround time, %/no. of amended reports; %/no. lab information system
downtime incidents per year, etc.

Levey-Jennings Chart/Graph — A graph that quality control data is plotted on to give a visual
indication of the performance of a laboratory test and the control limits used for quality control.
The distance from the mean is measured in standard deviations (SD).

Levey-Jennings Chart
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Limit of Blank (LoB) — Highest measurement result that is likely to be observed for a blank

sample. Replaces the previous term Lower Limit of Detection (LLD).
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Limit of Detection (LoD) — Lowest amount of measurand in a sample that can detected with a
stated probability, although perhaps not quantified as an exact value. Replaces the previous term
Biological Limit of Detection (BLD).

Limit of Quantification (LoQ) — Lowest amount of measurand that can be quantitatively
determined with acceptable precision and trueness. Replaces the previous term Functional
Sensitivity (FS).

Max E(Nuf) — A patient risk management technique applied when defining the run size for
bracketed QC when the goal is set as one or fewer unreliable results per run or per number of
samples analyzed. Max E(Nuf) is a statistical calculation of the Maximum Expected increase in
Number of Unreliable Final patient results (i.e. risk of patient harm) that would be reported if
unstable performance goes undetected. Unreliable is defined as results that differ from the
reference value more than the total allowable analytical error.

Measurand — A quantity subject to measurement under specified conditions (e.g. the enzymatic
activity of alkaline phosphatase at 37°C).°> Updated terminology, but similar usage as “analyte”.
Method Validation — Process of determining error associated with a candidate
instrument/method in order to determine if the amount of error is acceptable for the intended use
of the test. This typically includes, at minimum, evaluation of analytical imprecision and bias.
Other procedures that should be considered as part of the method validation process include
reportable range, carry over (for hematology, body fluid cell counts), common interferences
(hemolysis, lipemia, hyperbilirubinemia or other), recovery studies, and limit of detection studies
(for measurands where lower limit is of clinical concern). Confirmation of reference interval (by
de novo generation or transference validation) and QC procedures to ensure the ability to detect

ongoing stable performance with a high probability of error detection and low probability of
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false rejection are also be considered as part of the instrument/method validation process.
Validation is advised for new methods or those requiring revisions due to changes in
instruments, measurands, matrices, or extension of the scope of the method/intended use (e.g.
testing on a novel species or specimen); significant changes to the analytic procedure (e.g.
reagents, timing, reaction temperatures, etc.) require validation.

Method Verification — Demonstration that a validated method achieves the established
performance characteristics in the user's hands according to the manufacturer’s claims for the
method's specifications (i.e. performance as intended); typically used when a previously
validated method is instituted in a new laboratory/for new additional or moved instrumentation
units (same model), or when using new reagents. Often verification is accomplished with a
subset of the procedures used for validation or specific calculations recommended in the
literature (Clinical & Laboratory Standards Institute/CLSI and Westgard).

Multirule QC — The process of using a combination of decision criteria/control rules, in a
specified sequence, to decide whether an analytical run is in-control or out-of-control. By
comparison, a single-rule QC procedure uses a single criterion or single set of control limits,
such as a Levey-Jennings chart with control limits set as either the mean plus or minus a defined
number of standard deviations.

Multistage/Multidesign QC — Application of different QC procedures during different times in a
testing cycle; for example, there may be a startup design for high error detection, using multiple
control rules, and a different monitor design (typically using a single control rule and fewer
levels of control) during the day/end of shift for low false rejections. The startup design should
be used anytime the instrument has gone through a significant change, for example, after trouble-

shooting and fixing problems.
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Probability of Error Detection (Ped) — The diagnostic sensitivity of a control rule in detecting
error; refers to the probability of identifying abnormal results. A Ped of 90% or higher is usually
used as the recommended level of error detection with statistical quality control procedures. High
Ped minimizes the risk of patient harm resulting from undetected errors in laboratory results.
Probability of False Rejection (Pfr) — The diagnostic specificity of a control rule in detecting
error; refers to the likelihood of a QC failure (rejecting data that are actually acceptable) when
the test system is exhibiting stable performance. Mathematically, Pfr is actually [1-specificity]. A
Pfr of less than or equal to 5% (i.e. specificity of 95% or greater) is usually used as a working
goal for statistical quality control procedures to minimize ‘alarm fatigue’ due to more frequent
false rejections.

Proficiency Testing (PT) — A measure of laboratory competence to assess the capability of
conducting a specific diagnostic test. PT is often used synonymously with EQA but may
specifically refer to testing performed in compliance with state or federal regulations. PT/EQA in
veterinary medicine is often based on peer-comparison testing (grouped by method and/or
instrument). For regulatory PT, comparison with the standard set by the regulatory agency is
used.

Quality Control (QC) — Refers to procedures for monitoring the day-to-day laboratory work
processes, detecting problems, and making corrections prior to test reporting. QC is often used to
refer specifically to procedures monitoring analytical error (vs. quality assurance/QA which is
used more broadly). Statistical quality control (SQC) is commonly employed in monitoring the
analytical performance of laboratory methods. It includes method validation/verification,
selection of control materials, control rules, and number/timing of control runs necessary to

efficiently detect unstable performance. QC includes monitoring of key quality indicator tests,
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evaluation of control data for trends or shifts, and review of patient data. Many instruments also
have internal quality control processes that are operator-independent, but these alone are not
adequate for quality assurance. Non-conformities identified in either control or patient results
should result in suspension of result reporting, remedial actions taken, and clients contacted as
necessary.

Quality Control Material (QCM) — A specimen or solution which is analyzed solely for quality
control purposes (independent of calibration), whether during an initial instrument performance
study (method validation/verification) or to monitor routine analytical performance. These
materials are widely available commercially in liquid, frozen, or lyophilized form for most
laboratory tests (use of human products is most common due to availability). Manufacturers of
these materials are often also the providers of instruments, calibrators, and reagents. Patient
samples can also be used as quality control materials.

Quality Control Validation — The selection of QC rules (see control rules, above) for the
statistical monitoring of analyzer/method performance. For most automated methods, the control
rules are selected to achieve a high desired probability of medically important error detection
(Ped) of 90% and a low probability of false rejection (Pfr) of <5%, minimizing the risk of
reporting erroneous results. The process of validation/choice of control rule(s) depends on the
chosen quality requirement/goal (see allowable total error, above, a common quality goal) and
the measured bias and imprecision of the instrument/method.

Repeat Patient Testing (RPT) — Quality control method using patient samples in lieu of, or in
addition to, purchased quality control materials. Customized control limits are calculated from a
pilot set of RPT data and a chosen control rule.® RPT-QC data interpretation is analogous to

statistical QC using commercial QCM—data points falling outside the control limits indicate
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greater-than-expected variability in the data and a potential problem with the test system,
warranting further investigation prior to additional patient testing or release of patient results.
Sigma Metric — A ratio which allows comparison of performance between tests/processes which
may have significantly different units. It is the calculation of the probable number of defects
which may be produced during stable performance in terms of the number of standard deviations
(sigmas) that fit between the observed mean and the allowable error. For analytic processes,
calculated as Sigma = [(%TEa — %|bias|)/%CV], where TE. is the allowable total error or
proficiency testing criterion for acceptable performance, %bias represents the observed
inaccuracy or systematic error of the method, and %CV represents the observed imprecision or
random error of the method.

Six Sigma — A concept for world-class quality and a goal for process performance that requires 6
standard deviations (SD) of process variation to fit within the tolerance limit or quality
requirement of a process, translating to an error rate of 3.4 errors per one million opportunities
(error free rate of 99.99966%). It is applied in the Sigma Method Decision Chart as a criterion
that requires bias + 6 SDs to be less than TE,, the allowable total error for the test.

Standard Deviation (SD) — A measure of variability or diversity associated with random error or
imprecision. SD shows how much variation exists relative to the mean (average or other
expected value) during repeated measures. A small SD indicates that data points tend to be very
close to the mean, whereas a large SD indicates that the data points are spread over a wide range

of values. SD is the square root of a dataset’s variance.

5= Z(Ki - x)?
(n-1)
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Total Observed Error (TEo or TEobs) — Measured performance of an instrument/method.
Calculated as the sum of bias/systematic error and imprecision/random error: TEo(%) = 2CV(%)
+ |bias| (%), or 2SD (units of measure) + |bias| (units of measure). TEo is specific to the
instrument/method, measurand, and measurand concentration (e.g. the TEo at low hematocrit

values may be different from TEo at high hematocrit values).

4.2 Monitoring

4.2.1 Internal Monitoring Internal monitoring of all equipment with regard to electronic safety
(to include radiofrequency interference from cell phone antenna systems/wifi), calibration,
equipment maintenance, and equipment performance is recommended.’” The monitoring of
automated instruments/lab equipment should include the following:
e Water quality (as specified by instrumentation and assays)
e Stability of electrical power and light sources (as specified by instrumentation)
e Temperatures of water bath, refrigerator, and freezer (recommended daily)
o Large equipment may be wired to an alarm system to alert users when temperatures
are out of a specified range.
e Regular cleaning/calibration of analytical balances, pipettes, microscopes, and centrifuges
(annually or as recommended by the instrument manufacturer, whichever is shorter)
e Proper storage, handling, and maintenance of inventory
e Manufacturer’s instructions for routine maintenance (daily, weekly, monthly) and calibration
should be followed unless laboratories have modified these for their own use, with

documented satisfactory performance and appropriate instructions.
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(@]

(@]

An Instrument Performance Log is recommended for each instrument, to record
procedural changes, information about any problems encountered with methods or
instruments, their investigation, and actions taken for resolution.

Notation of routine or special maintenance/repair and part replacements or other
factors that may influence performance is recommended.

All logged entries should be clearly dated and signed by laboratory personnel. This
function may be maintained electronically for easy access during any regulatory or

quality assurance inspection.

e Use of quality control materials for monitoring internal performance is covered in detail in

section 4.7.

o

o

Accumulated quality control results (such as Levey-Jennings charts) should be
reviewed daily, weekly, and monthly to determine if trends, shifts or other aspects
indicate impending problems, in addition to acceptable performance defined by QC
rules.

Appropriate actions should be taken when quality controls results exceed the limits or
demonstrate undesirable trends.2 Commonly used corrective actions should be

outlined for laboratory personnel in SOPs.

4.2.2 External Quality Assessment (Proficiency Testing) External monitoring should include

participation in an external quality assessment (EQA) program. Quarterly participation in

programs specific to veterinary diagnostic laboratories are preferred but may not always be

available or practical. Any laboratory system performing testing with multiple instruments from

the same or different manufacturer(s) should have an internal QA program to assess

harmonization of instruments running the same tests and using the same reference intervals. A
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more complete description of external quality assessment (proficiency testing) can be found in

Bellamy and Olexson® and in the ASVCP guideline: External quality assessment and

comparative testing for reference and in-clinic laboratories. Regarding EQA:

e All participating laboratories should analyze the same materials from the same lot.

e Results should be tabulated regularly (per exercise frequency cycle) and distributed to
participants with statistical summaries expressing the closeness of individual laboratory
results to the peer group mean.

e Means should be calculated and analyzed based on identification of the method (same
methods compared). If the method is also linked to the instrument, this provides an additional
comparison based on instrument and method.

e Each laboratory should carefully assess the validity of their reported performance.
Performance that differs by more than two standard deviations from the peer group mean (i.e.
SDI or z-score > 2) or from a predetermined quality goal should prompt an inquiry. Other
standards for EQA performance may include those based on biologic variation or on
desirable total error. Lesser deviations from the peer mean may be significant if they

represent a difference from the historical performance of a particular instrument/method.

4.2.3 Procedures Manual Please refer to section 2.3 and Appendix 1 of section 2, Introduction

to a Total Quality Management System.

4.3 Method Validation/Verification Confusion exists over the definitions and practical

applications of method validation and method verification. The consensus among laboratory
standards organizations is that method validation is the process used to confirm that the

analytical procedure employed for a specific test is suitable for its intended use, while method
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verification (or method transfer) confirms that a lab is capable of performing a previously
validated analytical method reliably and precisely. In veterinary medicine, a combination of
validation and verification must occur to ensure that the method performs well on animal
specimens, to determine the amount of analytical error (contributed to by imprecision and
systematic error/bias/inaccuracy) that is associated with a particular instrument/method, and to
determine if the amount of error is acceptable for the intended use of the results. For the purposes
of this document, method validation will be used to describe the appropriate studies
recommended prior to adopting a new test procedure or bringing a new instrument/method on-
line. Validation studies include: assessment of reportable range/linearity; precision; accuracy;
analytical range; limit of blank (LoB)/limit of detection (LoD)/limit of quantification (LoQ) of
the method (see section 4.3.8); and, interfering substances. Please see section 4.3.9 for more
information on how to choose an appropriate validation/verification plan for the given situation.

Method validation/verification studies are used to:

e Determine whether the proposed instrument/method or change is suitable for its intended
purpose for veterinary testing based on predetermined quality goals. These goals will vary for
different measurands, depending on the way that the results are used for patient diagnosis,
prognosis, monitoring, or management. They also may differ for different species but are
generally chosen to accommodate the species with the most stringent requirement.

e Determine the amount of variation (error) associated with a new instrument/method. This
will include estimations of imprecision and bias (inaccuracy), including comparison with a
reference method (not always available) and/or an existing well-characterized field
instrument/method (more common). This allows for providing the best information to clients

about the reliability of the results, the probability/uncertainty distribution associated with
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them, and how the instrument/method performs compared to an instrument/method
previously used.

e Determine whether new reference intervals (RI) need to be generated, or if adjustments to the
instrument/method (or statistical adjustment of the RI) may be needed to accommodate
common RI used within the laboratory system. Reference interval transference validation
may be considered if the same reagents and methods are being used as those for a previously
established RI, and if analytical performance (e.g. precision, bias vs. peer group or vs. control
material target values) of the old and new instruments are similar. However, RI transference
should only be done once; subsequent instrument changes/additions warrant re-establishing
Rls.

e Determine the quality control (QC) practices needed to ensure ongoing stable
instrument/method performance based on the observed performance of the instrument and
method with a high probability of error detection (Ped) and low probability of false rejection
(Pfr) (see section 4.7).

e Monitor ongoing harmonization of results when multiple instruments are used within the

same laboratory/laboratory system.

Reference intervals and quality control procedures for a new method should be determined
before patient testing is initiated. If there are limited data available for reference interval
determination, this should be explained in an addendum to the test, with the basis for the
interpretation explained.!!

Quality goals serve as a benchmark for test performance. Analytical quality goals, such
as total allowable error (TEa) or biologic variation-based goals should be established for each

test prior to initiating method or instrument validation studies.*®*® (For more information on
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TEa, see the ASVCP Guidelines: Allowable total error biochemistry and Allowable total error

hematology.'#® The total observed error inherent in a new method or instrument, as determined
during validation studies, must fall within these goals; if not, this suggests that the new method
should be rejected.'® Practicality may require that state-of-the-art performance goals prevail, but
deviations from the desired quality goals should be taken into account in interpretation. The
appropriate validation studies must be selected to reveal the expected types and magnitudes of
errors in assay measurements.® Numerous commercial software programs are available to
facilitate the statistical analysis of results collected during method validation studies.®*
Additional information and graphing tools for method validation can be found at

www.westgard.com.

Method validation/verification studies may include any or all of the following:

= Reportable range/linearity study (4.3.1)

= Short-term replication study (repeatability or within-run; 4.3.2)

= Long-term replication study (reproducibility or between-run; 4.3.3)

= Comparison of methods (4.3.4)

= Interference study (4.3.5)

= Recovery study (4.3.6)

= Reference interval determination (4.3.7)

= Detection limit study (4.3.8)

= QC validation (4.7.1)
4.3.1 Reportable Range/Linearity Study The reportable range may be different for different
species and must be established for each species for which the instrument is used. The need for

dilutions during patient testing should be determined based on the reportable range and the
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expected reference intervals for the species in which the instrument/method is to be used. A
manufacturer representative may perform the linearity studies and assist in determining the
reportable range(s). Spiking of high pool samples with a calibrator may be needed if specimens
with high results near the upper limit of the reportable range are not available, but attention to
maintaining the species matrix is recommended.

i. A minimum of five levels of solutions are recommended. Solutions with matrices that
approximate real samples are preferable to water or saline dilutions.®

Level 1: zero or the lower detection limit of the assay

Level 2: three parts low pool plus one-part high pool

Level 3: two parts low pool and two parts high pool

Level 4: one-part low pool and three parts high pool

Level 5: exceeding the expected upper limit of the reportable range of assay

ii. Three to four replicate measurements on each specimen are recommended.*®

iii. The mean value for each specimen is plotted on the y—axis and expected value on the
x-axis.1®

iv. The plot is visually inspected for outliers, linearity, and ‘best fit’ line.'® Regression
analysis to calculate slope and intercept is ideal, giving a more objective assessment of linearity
than visual inspection alone.

v. If the assay is not linear within the manufacturer’s recommended working range, the
method may be rejected. Alternatively, the reportable range can be changed to lie within the
linear region (most common approach).

4.3.2 Short-term Replication Study (repeatability or ‘within-run’) This is the estimation of

the random error (RE), or imprecision, of the method over a short time interval. Conditions of
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testing should be specified in any documentation (same or different operator, timeframe, etc.).
Samples are typically analyzed during a single 8-hour shift or within a single analytical run.®

I. Standard solutions, commercially available control materials, or pooled fresh patient
samples can be used. Pooled patient samples are recommended as the most accurate
determination of repeatability of patient results since control materials, calibration materials, or
other standards may not be commutable with veterinary patient specimens.

ii. The level of measurand should approximate important clinical decision levels. A
minimum of two levels (normal and high) is recommended if the measurand is clinically
significant when increased. At least three levels are recommended (low, normal, high) if the
measurand is clinically significant when decreased or increased.

iii. A minimum of 20 replicates for each clinical decision level is recommended during
the time interval of interest, as feasible for stable measurands over the run length. For more labile
measurands exceeding the capability of even a short run time (such as blood gases, ammonium,
etc.), control material may be necessary to provide the desired number of replicates over the time
interval measured.

iv. Raw data from the short-term replication study should be visually examined for
possible outliers. Most short-term imprecision experiments will not have outliers, but sufficient
repetitions (n = 22-25) should be considered to allow for possible elimination of outliers in order
to achieve n = 20. The cause of outliers should be determined and corrected if possible, as
obvious outliers are not truly reflective of stable instrument performance and therefore should be
eliminated from the dataset.

with continued analysis as needed to collect a minimum of 20 data points for

determination of the imprecision.
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v. Analysis of data includes calculation of the mean, standard deviation (SD) and
coefficient of variation (CV). Commercially available software programs can assist in these
calculations.

n—1

SD

mean

CV (%) = x 100

vi. Compare the SD and CV) to the laboratory standard (commonly recommended that
within-run SD should be < 0.25TEa, expressed in units of the test).'® If the SD exceeds this
standard, careful consideration of rejection of the method is indicated. If the imprecision exceeds
this guideline, the bias will need to be small in order to achieve the desired total error budget and
allow for any additional sources of preanalytical or analytical error.

Additional analyses including bias (determined from the comparison of methods study
4.3.4, recovery study 4.3.6, and/or comparison with the manufacturer’s target mean for quality
control materials) should be conducted after the short-term replication study.
4.3.3 Long-term Replication Study (reproducibility or ‘between-run’) This is the estimation
of the random error (RE), or imprecision, of the method over a longer time interval that reflects
day-to-day working conditions. Conditions of testing should be specified in any documentation
(same or different operator, timeframe, etc.). Long term replication can be studied using pooled
patient samples or with quality control materials (QCM), though patient samples may be
preferred as they contain the same matrix, reflecting daily conditions more closely. In the
authors’ experience, it is possible to perform long-term replication studies for endocrinology, or
for other assays for which stability of frozen specimens may be questionable, using refrigerated

pooled patient samples. Ideally, 2-3 pools of samples (low, intermediate, high concentrations)
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targeting decision limits are used, each with 4-5 replicate measurements daily for five days,
providing a between-run CV for each concentration level. Alternatively, a stable QCM (verified
stable for 3-4 weeks) is analyzed 20 times during different shifts/runs once daily over 20 days. It
is commonly recommended that between-run SD should be < 0.33TEa, expressed in units of the
test. Sample selection and data analysis are the same as for the short-term replication experiment.
This data is used as the CV in the calculation of total observed error (TE0); please see section
4.3.4.

4.3.4 Comparison of Methods Study This is the estimation of bias, or systematic error (SE), of
the candidate test method as compared to an established “comparison” method. The comparison
method may be with a true ‘gold standard’ reference method for analysis or a well-characterized
field method.1"8 Both constant and proportional bias may be identified by the comparison of
methods study; further definition of any proportional bias can be obtained from recovery studies
(4.3.6).

i. Choose the comparison method with consideration for known accuracy and quality.
Comparison to external quality assessment/proficiency testing data or manufacturer’s target
mean for QCM may be considered; however, careful attention to the known accuracy of such
data is recommended since some EQA specimens and QCMs may not be commutable (i.e.,
exhibit the same performance as patient specimens) and may thus introduce bias.®

ii. A minimum of 40 independent patient specimens tested by both methods is
recommended.'®?° Samples should be free of known interfering substances. Specimens should
represent the spectrum of results expected in clinical application of the method and span the

entire working range.?°
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iii. Duplicate measurements by each method are desirable, but single measurements are
acceptable if cost and/or specimen volume is limiting.2° Results should be examined at the time
they are performed. If a significant difference is detected in values obtained by the two methods,
immediate retesting should be performed to determine if the discrepancy is repeatable, and needs
further characterization, or if a random error occurred.

iv. Specimens should be analyzed by the different methods within two hours of each
other, if possible, or within a time frame reflecting measurand stability. If this is not possible
(such as analysis at different laboratories), all samples should be processed and frozen (serum,
plasma) until they can be analyzed within the defined time frame. Measurand stability and the
type of specimen should be considered since not all specimens (e.g. hematology specimens) will
be suitable for delayed analysis. Preanalytical factors should be standardized for all samples and
measurements to avoid extraneous variables impacting results. Procedures for specimen handling
should be well-defined.

v. The study should be conducted over 5-20 days with a preference for the longer time;
eg, 2-5 specimens per day for 10+ days, if specimen stability allows.

vi. Analysis of data:

1. A comparison plot is recommended for visual inspection with the test method plotted

on the y-axis and the comparative method plotted on the x-axis. Outliers should be
investigated immediately and reanalyzed as needed. A ‘best fit’ line can be drawn

based on visual assessment of the data.?°
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2. The calculation of a correlation coefficient (r) is used to determine which statistical
regression methods should be used to estimate SE (bias) but is not acceptable as a

measure of agreement.

Section 4, Figure 1. Two equivalent ways of considering the proper statistical methods for

comparison studies depending on the correlation coefficient r and the range of the data.

Comparison methods

!

Range?

< >

Broad range Narrow range

« 'S

r>0.99 r>0.975 r<0.99 r<0.975

Linear regression statistics Paired t-test statistics (only if no proportional bias)
Alternatively: Passing-Bablok or Deming regression

e Ifr>0.99 for data with a broad range of results (such as enzymes or some metabolites), or
>0.975 for data with a narrow range (such as electrolytes or some hormones), standard linear
regression statistics can be used to estimate the SE (bias) at medical decision
concentrations.'®2%%1 The SE (bias) at a particular decision level (Xc) can be determined by
calculating the corresponding y-value (Y¢) from the regression line:

Yc=aXc+b
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Yc = result calculated for the candidate (new) method, a = slope, b = y-intercept and Xc is the
result obtained with the comparative method:
SE (bias) = Yc— Xc

For measurands that vary over a wide range, regression statistics are typically used to determine

SE (bias).16?°

e |fr<0.99 (or <0.975), the data could be improved by collecting more data points or
decreasing variance by doing replicate measurements, or paired t-test statistics should be
used to estimate the SE (bias) as the difference between the means of the results by the two
methods.'®?° The paired t-test, however, is not applicable in the presence of proportional
error.'® Passing-Bablok or Deming regression analysis are alternate methods that can be used.
Subdivision of results into groups (below, within, or above the reference interval) may be
used to provide additional insights for means in ranges that are clinically significant.?°

For measurands that vary over a narrow range (electrolytes), t-test statistics are used to determine

SE (bias).'

vii. Creation of a difference plot (Bland-Altman) is recommended (refer to definitions,
section 4.1). The difference between the test and comparative method is plotted on the y-axis,
and the mean of both methods is plotted on the x-axis. The line of difference identifies the mean
SE (bias). For tests with absent or negligible bias, results are scattered closely around the line of
zero difference, with approximately half above and half below this line.*2°22 |t is important to
consider both the mean difference and the range of the individual differences (reflected in the
agreement limits, or mean difference +2SD) in determining the clinical importance of the bias.

viii. Criteria for acceptable performance depend on the TEa for the test, as determined by

each laboratory. Observed, or calculated, total error (TEo or TEobs) includes systematic error
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(bias), as determined by the comparison experiment, and random error (SD or CV), as
determined by the long-term replication (between-run) experiment. TEo = |bias| (meas) + 2
SD(meas), or, TEo = |bias| (%) + 2CV. Performance is considered acceptable if TEo < TEa. A
Method Evaluation Decision Chart, which accounts for TEa, SE, and RE, also can be used to
determine method acceptability [Figure 2].1

4.3.5 Interference Study This is the estimation of systematic error (SE) caused by substances
within the specimen being analyzed. These errors are typically, but not always, constant across
the range of patient values, with the size of error in proportion to the concentration of the
interfering material.*® Common interfering substances include hemoglobin (hemolysis), lipid,
and bilirubin.® Additional comparisons may be made between heparinized plasma vs. serum and
serum samples collected in gel tubes vs. plain tubes or other possible interferents, as indicated by
the test or instrument of interest.

i. A minimum of five standard solutions of interferent (of differing concentrations),
patient specimens, or pooled patient samples can be used. Patient specimens or pooled patient
samples from carefully selected peer groups are preferred because of their ready availability and
similar matrix effect. Samples with varying levels of the measurand that at least spans the
clinical range should be chosen.®

ii. The different defined quantities of hemoglobin (from lysed RBCs of the species in
question), lipid (commercially available solutions or lipid harvested from clinical specimens) and
bilirubin (commercial standard solutions) are added to samples to reach increased concentrations
that are anticipated to occur in patient samples.*®

iii. The volume of interferent added should be minimized to avoid changes in the sample

matrix introduced by the interferent solution.'® Duplicate measurements on all samples are
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recommended. Small differences in the measurand results caused by the interferent may be
masked by random error inherent to the method. Duplicate measurements will help obviate this
problem.*®

iv. Measurements should be performed by both the new method and the comparative
method. If both methods show similar SE (bias) caused by the interferent, the presence of bias
due to interfering substances may not be sufficient alone to reject the new method.

v. Calculation of bias due to the interferent:

1. Determine the mean for the duplicates of the interferent-containing sample and the control.

2. Calculate the difference (bias) between the interferent-containing sample and its control.
Repeat for all pairs of samples.

3. Calculate the mean difference (bias) for all specimens with a given concentration of
interferent.

vi. A paired t-test is recommended for comparing the results from the interferent-
containing sample and the unadulterated control. Regression statistics are not applicable. A t-test
statistic with standard cut-off of 2 (1.96) is used. The t-test statistic estimates the number of
standard deviations that the altered sample differs from the unaltered sample.®

vii. Criterion for acceptable performance is SEmeas < 0.5TEg; this is based on the
premise that random error (RE) recommendation is usually < 0.25 or < 0.33 TEa (for within run
and between run imprecision, respectively). This leaves a small ‘safety margin’ of 0.17-0.25
TEa for other sources of error contributing to the TEobserved (TEo) . If the SEmeas > 0.5TEa,
the laboratory should decide whether specimens likely to contain interfering substances can be
readily identified and whether specimens should be rejected if potential interferents are present

or if their effect can be quantitated/semi-quantitated based on additional studies.® In the authors’
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experience, the goal of SEmeas < 0.5 TEa has been shown to work well in clinical practice and,
when imprecision is considered in addition to the bias (SE), allows for an additional small ‘safety
margin’ for other sources or error.

4.3.6 Recovery Study This is an estimation of proportional systematic error (SE). Recovery
studies are important when there is proportional SE to characterize at what level proportional SE
may become significant/where interpretation is affected. Proportional SE occurs when a
substance within the sample matrix either reacts with the measurand and/or the reagent, or when
there are changes in light transmission or other factors that affect the measurement of the result.
The magnitude of proportional SE changes as the concentration of the patient measurand
changes. Proportional SE is determined by calculating the percent recovery of a known amount
of a standard measurand (such as sodium) which has been added to a patient specimen.!®

i. Standard solutions of high measurand concentration are often used since they can be
added in small amounts in order to minimize specimen dilution but still achieve a recognizable,
significant change in the measurand concentration. Dilution of the original specimen should not
exceed 10%.

ii. The amount of measurand added should result in a sample that reaches the next clinical
decision level for that measurand. Similar to the interference experiment, small additions will be
more affected by the inherent imprecision of the method than large additions. The number of
samples used for evaluation of recovery may vary, depending on the measurand and the number
of clinical decision levels of interest. Three to five different levels of added measurand are

commonly used for this study.

Page 68 of 233



ASVCP QALS Guideline Version 3.0 (2019)

iii. Replicate measurements of both adulterated and control specimens are recommended.
Recovery samples should be analyzed by both the test and comparison methods, if the latter
exists.

iv. Data calculation (For an example of the data calculations involved in a recovery study,

see reference 13 or http://www.westgard.com/lesson27.htm#4):

1. Calculate the concentration of the measurand added: Conc. standard added x

[ml standard added/(ml standard added + ml sample)]

2. Calculate the mean of the replicate measurements for all samples.

3. Calculate the difference between the adulterated sample and the control.
4. Calculate the recovery by dividing the difference by the amount added.
5. Calculate the mean of the recoveries of all the pairs tested.

6. Calculate the proportional SE as 100% - recovery%

v. Criterion for acceptable performance is SEmeas < 0.5TEa or < TEa (depending on the
error budget). Small amounts of proportional systematic error may be acceptable; however, the
method should be rejected if large proportional systematic errors that are greater than the total
allowable error are observed.

4.3.7 Reference Interval for new method/instrument Creation of a new reference interval or
validation of an existing reference interval is necessary for clinical decision making. For more

information on creating reference intervals, please see the ASVCP Guidelines: Determination of

de novo reference intervals in veterinary species and other related topics.2?

4.3.8 Detection Limit Study This is the estimation of the lowest concentration of a measurand

that can be measured. Detection limit verification is recommended for all assays in which a low
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value may be of clinical significance, e.g., forensic tests, therapeutic drug levels, TSH,
immunoassays, and cancer markers.*®

i. A ‘blank’ sample that does not contain the measurand of interest and a sample
containing a low concentration of the measurand are used. Several samples of different low
concentrations, containing measurand at the detection concentration claimed by the
manufacturer, may be required.

ii. 20 replicate measurements for each of the samples are recommended.

iii. The blank solution measurements can be performed ‘within-run’ or ‘across-run’ on
the same day. However, the low concentration sample(s) should be analyzed over a longer period
to account for day-to-day or between-run variation, if stability permits. Twenty measurements
over a minimum of five days is often recommended.*®

iv. Quantitative estimations may be reported as:

1. Limit of the Blank (LoB). This is the highest result that is likely to be observed for a blank
sample, typically estimated by the mean value of the blank + 1.65 x SD of the blank.*®

2. Limit of Detection (LoD). This is the lowest amount of a measurand that can be detected with
a stated probability, although perhaps not quantified as an exact value. It is estimated by mean of
the blank + 1.65 x SD of a low concentration sample. It may be necessary to prepare several
spiked samples with concentrations that are in the analytical range of the expected detection
limit. The results may help determine which concentration is of clinical interest and can be used
for the LoD.

3. Limit of Quantification (LoQ) is the lowest amount of measurand that can be quantitatively

determined with stated acceptable precision and trueness, under stated conditions; it is estimated
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by the is the mean of the blank + 2 SD of the low concentration sample. This estimate of error
should not exceed the TEa.

4.3.9 Choosing a Validation Plan Which method validation studies are required depend on
various factors, such as the budget available, current knowledge of the instrument/method,
whether it is for use in a species in which it has already been characterized vs. novel species, and
how the results are going to be used/clinical setting. Below are recommendations for the
minimum validation studies performed for introduction of a new instrument/method.

(Insert Section 4, Table 1 here)

4.4 Comparative testing (note: this is a different procedure than ‘comparison of methods’

discussed in 4.3.4). If the laboratory performs the same test by more than one instrument or

method, at more than one test site, or by a referral laboratory, comparisons should be run

regularly to define the relationships between instruments, methods, and sites. This is a separate

procedure that should be done in addition to EQA/PT (4.2.2).

The following steps should be included:

e A minimum of 12 samples during the year (one per month or more frequently, if inadequate
performance is identified), including those species commonly encountered in the laboratory.
Use of samples whose measurand values cover a range of clinical decision levels is
recommended.

e Several approaches for determining comparability of test results exist and may include use of
TEa goals, reference intervals, statistical criteria, or use of biologic variation data.?

e If individual test results performed on the same patient or material do not fall within
specified performance limits, the cause should be investigated, the situation documented, and

corrective action taken.
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4.5 Instrumentation

4.5.1 Instrument performance The instrumentation and methods used must be capable of
providing test results within the laboratory’s stated performance characteristics.?® These include:

e Analytical range including detection limit and reportable range/linearity

e Imprecision (random error)

e Accuracy (bias/systematic error)

e Analytical Specificity - Measurement of the target compound. This should give an
estimate and clearly define any interfering substances (see 4.3.5). Because
interferences cannot always be avoided, consideration should be given to the
development of interferograms that examine the effects of added lipid, bilirubin, and
hemoglobin on assay results. Because interferences are species-specific, ideally

interferograms need to be created for each measurand and species tested.

4.5.2 Function Checks Appropriate function checks of critical operating characteristics should
be made on all instruments. (i.e., stray light, zeroing, electrical levels, optical alignment,
background checks, etc.). Prior to sample testing, laboratory personnel should calibrate assays
according to manufacturer’s instructions as needed based on other evaluations and perform QC
daily or for each day that a test is run (see also section 4.7.4 for information on QC frequency).
Instruments should be operated per manufacturer instructions.
4.5.3 Calibration Instruments generally should be calibrated at least every 6 months. More
frequent calibrations may take place®®:

1. According to manufacturer’s recommendation

2. After major service
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3. When QC values are outside limits or troubleshooting indicates a need
4. When workload, equipment performance, or reagent stability indicate the
need for more frequent calibration
After calibration, controls should be run according to SOP to ensure that stable performance is

achieved.

4.6 Personnel Knowledge Laboratory personnel should have thorough working knowledge of

the equipment and its use, including, but not limited to the following topics.

I. Linearity/reportable range differences in animal compared to human samples

ii. Effects of hemolysis, lipemia, icterus, carotenoid pigments (especially large animals),
and different anticoagulants (if applicable) on each assay

iii. Reportable ranges for veterinary species

iv. Species-specific or strain/breed-specific reference intervals

v. Expected physiologic ranges. Repeat criteria may be established that trigger re-analysis
of a sample. Criteria for repeating a test should include any equipment-generated error messages
or flags suggesting that re-evaluation is needed, as well as results that are grossly outside of
normal physiologic range. For the latter, consider use of “critical/panic values’ pre-programmed
into the analyzer operating system. Retesting to confirm an abnormal result should be
communicated to the client as part of the report (for more information, please see section 12,
general postanalytical factors).

vi. Common problems encountered with veterinary samples and appropriate problem-

solving procedures to take with various error messages or flags (troubleshooting).
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vii. Regular instrument maintenance and maintenance schedule (daily, weekly, monthly,
and as needed).

viii. Replacement of inadequate or faulty equipment

iX. Appropriate use of comments and species-specific criteria. Comments and species-
specific criteria may be determined to be of interpretive benefit to clients. Direct communication
with clients should be limited to those in the organization who are qualified to provide data

interpretation in the context of clinical history and previous therapies.

4.7 Routine Quality Control Calibrators and controls should be identified appropriately (to

include expiry dates), and their use and frequency should be documented as part of the quality
plan to ensure accuracy of results.® Documentation and generation of appropriate actions should
follow rules and policies established for analysis of the QC materials. These may include
confirmation of results and appropriate use of charts, graphs, and data entry, as determined by
the laboratory for each department and/or type of equipment. There should be a reporting
structure to inform management of QC issues, and problems requiring attention should be
forwarded to appropriate persons within the organization. When quality control data indicates
unacceptable performance, follow-up/monitoring of corrective actions should be in place to
evaluate the effectiveness of these actions (see also section 2, Total Quality Management).
4.7.1 Selection of QC rules for statistical monitoring of method performance (‘QC
Validation’)

i. For most automated methods, the control rules are selected to achieve a high desired
probability of medically important error detection (Ped) of 90% and a low probability of false

rejection (Pfr) of <5%, minimizing the risk of reporting erroneous results. For extremely stable
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assays with few anticipated problems, a probability of error detection as low as 50% may be
acceptable but is generally not recommended for routine veterinary use.

ii. QC validation utilizes the chosen quality goal for the test (such as TEa, clinical
decision limits, or biologic variation) with measurements of coefficient of variation (CV/random
error) and bias (systematic error). QC validation should be approached using data for CV and
bias calculated from a minimum of 20 data points for a control material and information about
bias relative to the manufacturer’s target mean for the method/instrument. Control products,
preferably from the same lot number, should be purchased commercially. If using calibrators as
control materials, the lot number used for calibration should be different from that used for the
control material. If pooled patient samples are used, establish the mean value for all measurands
(minimum n = 10 to establish a mean). Repeat patient testing also may provide an acceptable
method for statistical QC and overcomes limitations based on lack of commutability of some
commercially available control/calibration materials, as well as the deterioration of pooled
patient samples that may occur over time. 82% Controls should be assayed in the same manner as
patient specimens.

iii. Relating the quality requirement to the observed bias and precision for designing
statistical QC can be quantified by calculation of the sigma metric of a laboratory test process
[sigma = (% TEa — %|bias|)/% CV]. The sigma metric is a ratio and allows comparison of
performance between tests/processes which have different units. It reflects the probability of
defects during stable performance. A value of 6-sigma indicates world-class quality (<3.4 defects
per million or 0.00034% error rate); 3-sigma is generally considered to be a minimum for
adequate function in industry (6.7% error rate, or 66,807 defects per million).?” The lower the

sigma, the more stringent the statistical and non-statistical QC procedures that are needed to
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ensure adequate performance [Table 2]. Sigma worksheets have also been developed to assess
the most cost-effective QC procedure when several candidate rules are identified by QC
validation.?

iv. QC validation can be done manually using normalized method decision/operational
process specifications (OPSpecs) charts [Figures 2 and 3]. This chart plots the measured
imprecision and inaccuracy data (“operating point) against the TEa that is allowable for a
method; lines on the graph in relation to the operating point (directly related to the sigma metric
of the test) will demonstrate the QC procedures/control rules and number of control
measurements necessary to achieve a certain Ped and Pfr. Importantly, these methods do not
specify QC frequency (see 4.7.4, below).?®

v. Different QC rules may be required for different levels of a single measurand or for
different measurands measured within the same report profile. For example, more stringent
multi-rule QC may be required to detect error at lower measurand levels than at higher
measurand levels.

vi. Different QC rules may be desired during the adoption of a new method or after
calibration and maintenance than those required during routine use of an established method
(multistage QC). The QC rules used during adoption of a new method or after a potentially
significant event (i.e. calibration, maintenance, change in reagent lot, change in operator) are
typically more stringent than those for routine use.

4.7.2 Reagents and materials used for the control procedures should be labeled with date
received, date opened, and initialed by the person opening/preparing. Reagents are to be stored
according to manufacturer’s recommendations. Expiration dates should be observed, and expired

reagents should be discarded appropriately. Measurand concentrations in ‘abnormal’ control
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materials often represent low or high results with respect to human pathologic abnormalities
while those in ‘normal’ control materials reflect normal human concentrations. If pathologic
concentrations from animal species are significantly divergent from these levels, it may be
necessary to include additional control materials or analysis of patient specimens with measurand
levels similar to animal pathologic concentrations/activities. Use of repeat patient testing (RPT),
which assesses the difference between an initial and repeated evaluation of a patient sample, has
shown promise for use as a control for canine hematology and canine and feline
endocrinology.®%93! Potential advantages of RPT include the presence of species-specific matrix,
measurand concentrations of interest for veterinary species, and obviating the purchase of
commercially available QCM. Further investigation of this technique is indicated since it may
provide a lower cost and higher quality alternative for quality control for veterinary testing.

4.7.3 The selection of numbers of controls is part of the process of QC validation and will
depend on the performance of the equipment (options are given under “N” in OPSpecs charts).
Traditionally, two to three control materials are used for a given test/panel (a combination of
low/normal/high clinical values), but additional QC data points may be needed in order to ensure
a high probability of error detection and low probability of false rejection with some assays. Of
note, the number of control levels used during routine instrument operation may be slightly
fewer from that used during initial instrument method validation/verification (section 4.3) but
should be enough to adequately monitor for stable performance. Demonstration of reagent
stability over the run-length should be done during the method validation/verification process by
assaying control materials multiple times throughout an entire run-length and comparing the
resulting mean and SD with results from “within run” precision experiments (which are usually

not conducted over the entire length of the run). At least one level of control material should be
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run after a reagent lot is changed. More rigorous testing of patient specimens for comparison
with results from the previous reagent lot may be needed if significant lot-to-lot variation in
reagents has been demonstrated.3%33

4.7.4 Establish QC frequency with the following considerations:

1. Test frequency and throughput. The analytical “run length/size” (as defined by time or
number of specimens) is the period between control evaluations, traditionally a working day or
personnel shift. Veterinary and human laboratories that operate as a continuous production
process (with periodic side-by-side patient/QC runs) must define a run length bracketed by two
QC events (bracketed QC). Recent publications give guidance for setting the frequency of QC
based on probability of error detection (Ped) and the risk of the Maximum Expected increase in
Number of unreliable final patient results (risk of patient harm) if a control error goes undetected
(termed Max E(Nuf)), which depends on Ped and is related to the sigma metric. The calculation
of run size between QC events can be made using graphical tools/normograms, and the reader is
referred to references for further information.3*3’ If the current QC sample results are acceptable,
it is assumed that the measurement procedure has remained stable since the last acceptable QC
event, and thus, the results for patient specimens measured during that interval are acceptable.

ii. Consideration of the sigma metric. High sigma processes (> 5 sigma) are relatively
easy to control with single control rules (such as 1-2.5s) and few control levels, whereas low
sigma processes need multiple control rules, higher number of control levels, higher frequency of
QC, and shorter run sizes. For high sigma performance, an effective SQC approach is to employ
a multistage QC procedure utilizing a "startup” design at the beginning of production and a
"monitor” design (simpler control rules and fewer control levels/lower N) periodically

throughout production.®” This system can provide flexibility in tailoring QC frequency to
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laboratory conditions, with better information for identifying when a control error occurs in
continuous operation, and more cost-effective corrective actions which minimize the number of
patient samples repeated.

iii. Measurand and/or reagent stability

iv. Frequency of QC failures—detected and estimated undetected

v. Training and experience of personnel

vi. Cost of QC. With the bracketed SQC design, if the hold time for results release is too
long (depending on the end of the bracket event), or if the number of patient testing results
requiring retesting due to QC failure are too great (i.e. if the bracket QC event is out of control),
the size of the run should be reduced, which increases QC frequency/cost. The various factors
informing the practicality of the final SQC strategy should be given careful evaluation.

vii. Considerations for low throughput laboratories. Laboratories processing fewer
samples (many in-clinic laboratories and some university/reference laboratories) should not use
Max E(Nuf) and the high sigma metric/high Ped QC rules to justify not performing QC at least
once per day that a given test/panel is run. For low throughput labs, more QC is probably needed
than for high throughput laboratories. The latter produce larger numbers of patient results for
review and detection of developing trends, are likely to have bracketed QC events for continuous
production and are likely to look at larger numbers of specimens to determine Key Quality
Indicators. Therefore, those labs with lower throughput should carefully consider the costs and
benefits of doing multiple statistical and non-statistical QC procedures in order to ensure the
production of reliable results. For low throughput laboratories, repeat patient testing may

provide a low-cost alternative to commercially available quality control materials.53!
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Appendix 1: Design Approach of Statistical QC (SQC) [adapted from: Westgard SA,
Westgard JO. Six Sigma Quality Management System and Design of Risk-based Statistical
Quality Control. Clin Lab Med. 2017;37:85-96 and Westgard JO, Bayat H, Westgard SA.
Planning Risk-Based SQC Schedules for Bracketed Operation of Continuous Production
Analyzers. Clin Chem. 2018;64:289-296]%"

e Define total allowable error (TEa) [based on current recommendations'**® using clinical
decision limits and/or biological variation data; define the maximum number of patient
samples in a shift or day, and define the desired reporting interval, such as number of
specimens for batch production or number of specimens/time interval for a continuous
production process with bracketed QC.

e Measure the precision (SD/CV) and bias of the method from data obtained from ongoing
quality control material evaluated and/or from performance validation data (see section 4.3).

Calculators for these data are available as freeware at www.westgard.com.
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e Calculate the TEo [|bias| (%) + 2CV(%)] from control materials (different levels of a given
measurand evaluated separately); if TEo > TEa, contact the instrument manufacturer
regarding steps to improve performance; increase non-statistical QA/QC procedures;
consider instrument replacement; and/or consider relaxing the TEa requirement (the latter is
less desirable and should be taken into account when interpreting results).

e Calculate the sigma metric for control materials: (%TEa-%|bias|)/%CV.

e Use a power function graph that has a sigma scale or OPSpecs charts to assess Ped and to
identify the appropriate control rules and number of control measurements (QC validation).

(www.westgard.com)

o High throughput laboratories can minimize the cost of statistical QC for high sigma
metric tests (> 5 sigma) by using a simple QC rule (such as 1-2.5s or 1-3s) and N = 2
or 3 for number of quality control materials, with more attention to the lower sigma
assays that require more complicated QC (multi-rule and/or larger numbers of data
points from running controls more than once). Repeat patient testing can help these
larger labs do more frequent QC for the lower sigma assays without adding additional
quality control material costs.

o Lower throughput/in-clinic labs may employ a strategy that includes more intensive
non-statistical QC (e.g. review of blood smears to correlate with CBC data points, key
quality indicator tracking, etc.), and use traditional quality control materials or repeat
patient testing for both startup and finish of runs (bracketed QC).

e Determine the number of samples in the analytical run (between control events/bracket run
size) to achieve a goal of less than or equal to one erroneous test result per run [Table 4].

Ideally the startup SQC design has a run size as large as the maximum patient workload with
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a high Ped, and the monitoring SQC design has a run size as large as the reporting interval
defined by bracketed QC, with a low Pfr <5%.

e Prepare an SQC schedule that identifies the tests and controls to be analyzed for each QC
event. This schedule provides the laboratory with an operation definition of its QC strategy,
combining the quality required for intended use, the observed performance of the
measurement procedure, the expected performance of the SQC procedure, and the expected
risk of harm to patients from poor quality results.

o Both high and low throughput labs need to determine what Key Quality Indicator
tests to monitor, which should be those that are relatively easy to evaluate and have
high impact on patient outcomes, such as hematocrit, sodium, proteinuria, etc. KQIs
may include pre-analytical and post-analytical items, such as hemolysis, incomplete
accession forms, and turnaround time); review QC data for daily trends and shifts;
review patient results according to measurand (e.g. examining all the calcium
concentration results from a run) and by profile (e.g. do the changes in a serum
chemistry panel for a particular patient fit with the history, signs, and expected

patterns associated with disease/resolution?) in order to catch possible developing or

o Non-statistical QC items that make sense for the laboratory, in addition to QC
validation, are performed to ensure that resources spent on quality control materials
and/or repeat patient testing are achieving the goal of high Ped and low Pfr. Clinical
specimens can be monitored for error via repeat testing of the same sample,
comparison of test results with previous submissions from same patient (delta

checks);*® and/or, investigation of the percentage of abnormal results for various
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measurands (key quality indicator evaluations; Tables 2 and 3). It is important to note
that many items vital to total quality assurance are non-statistical QC procedures,
such as instrument maintenance, use of SOPs, personnel training, proper

reagent/QCM storage, etc.

Section 4, Appendix 2. The Westgard six sigma MEDXx Interactive Tool can be downloaded

with free account creation at: https://www.westgard.com/downloads/worksheets-downloads/21-

six-sigma-medx-chart.html
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Test or Analyte
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Quality Requirement

Allowable Total Error 6 0.83
Offset 5 1.00
Method Performance 4 1.25
Bias (% diff) . 3 1.67
Imprecision (% CV) 1.9 2 2.50
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Section 4, Figure 2: “Normalized” Method Decision Chart where observed inaccuracy is
calculated as 100*Bias/TEa and observed imprecision is calculated as 100*CV/TEa, when
original parameters are all in units of %. Zones of performance are labeled by performance
category. [Adapted from Figure 11-5, p.168 in: Westgard JO, Westgard SA. Basic Quality
Management Systems: Essentials for quality management in the medical laboratory. Madison,

WI: Westgard QC, Inc.; 2014]
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Normalized Method Decision Chart
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Section 4, Figure 3. Application of the OPSpecs Statistical QC Selection Tool, indicating the

control rules, number of control samples (N), and number of runs (R) over which the control

rules are applied, for a given allowable total error (TEa) and test operational point. [From:

Westgard, JO. Risk, Uncertainty, and Error: But The greatest of these is Quality! Presentation at

Quality in the Spotlight conference, March 2018, Antwerp Belgium]*°
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Section 4, Table 1. Recommendations for the minimum validation studies performed for

the introduction of a new instrument/method.

Situation Validation Study
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Considering
instrument/method use in v v v v v v v SEx

a novel species

Instrument/method

replacing an existing

instrument, whether v v v v v v .
replacement is same or

different

Additional instrument(s)

using same method in

same lab/lab system, with v v v v v v
goal of having common

reference intervals

Introduction of an
instrument/method that is Either RI study is
currently used for various acceptable

species

*Can be used if additional information about proportional bias is desired in any of the listed situations
**|f low results are of clinical importance
***See section 4.7.1
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Section 4, Table 2. Priority of Analytic Controls on basis of Sigma quality of the test system

[adapted with permission from J.O. Westgard from Figure 15-6, p. 202, Westgard JO. Basic QC

Practices. 4" ed. Madison, WI: Westgard QC, Inc.; 2016]®

Sigma > Sigma Sigma <
Control Mechanism
5.5 3.5-5.5 3.5
Analytic Operator Controls

Standard Operating Procedure High High High
Operator Training and Competency High High High
Operator Checklists High High High
System Maintenance High High High

Analytic Test System Controls
Reagent Storage & Expiration Low Medium High
Sample Acceptability High High High
Electronic Checks Low Medium High
Calibration Checks Low Medium High
Statistical QC High High High
External Quality Assessment Low Medium High

Analytic Test Review Controls
Implausible Values High High High
Repeat Patient Tests Low Medium High
Delta Checks* Low Medium High

*Definition of delta check in section 4.1

Section 4, Table 3. Important Considerations in the Application of Different Control

Mechanisms [adapted with permission from J.O. Westgard from Figure 17-2, p. 224, Westgard

JO. Basic QC Practices. 4" ed. Madison, WI: Westgard QC, Inc.; 2016]®
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Recommended QC Tool

Control Objective

Coverage

Ability to quantify problem

detection/prevention

Analyst/Operator Controls

Standard Operating Procedure Process for Safe Use All Runs Unknown

Operator Training/Competency Correct Performance Total Testing Process Unknown

Operator Checklists Proper Operation Single Runs Unknown

System Maintenance Proper Operation All Runs Unknown
Built-in Analyzer Controls

Electronic Checks Analyzer Components Single Runs Unknown

Calibration Checks Analyzer Stability Single Runs Unknown
Stable Control Materials

Statistical QC (SQC) Method Stability Single Runs Knowable

Periodic EQA/PT Method Accuracy All Runs Unknown

Patient Data Analysis

Plausibility Check Random Errors Single Patients Unknown

Delta Checks Random Errors Single Patients Knowable

Repeat Patient Testing Short Term Stability Single Runs Knowable

Section 4, Table 4. QC-Examples of Sigma Metric/Run Size Matrix for Risk of < 1

Unreliable Final Patient Result for QC-Bracketed Patient Samples Using Various Control

Rules and Numbers of Control Material Data Points. [Adapted from Westgard, JO. Risk,

Uncertainty, and Error: But The greatest of these is Quality! Presentation at Quality in the

Spotlight conference, March 2018, Antwerp Belgium]*®

Page 92 of 233



ASVCP QALS Guideline

Version 3.0 (2019)

Candidate QC Rule Sigma Metric
(Pfr) 6.0 5.5 5.0 45 4.0 35
Multi-rule Run Size >1,000 >1,000 470 120 40 10

N=2

Ped 1.0 0.99 0.94 0.82 0.59 0.35
(0.01)
1-2s, Run Size >1,000 >1,000 370 140 50 20
N=1

Ped 0.98 0.97 0.91 0.80 0.62 0.43
(0.05)
1-3s Run Size >1,000 700 220 70 25 <10
N=2

Ped 0.98 0.96 0.86 0.70 0.48 0.25
(0.00)
1-2.5s Run Size 1,000 400 150 50 20 <10
N=1

Ped 0.94 0.92 0.82 0.66 0.44 0.24
(0.01)
1-3s Run Size 380 150 50 20 10 <10
N=1

Ped 0.85 0.82 0.67 0.46 0.27 0.11
(0.00)

N = Number of control materials

Pfr = Probability of false rejection

Ped = Probability of error detection

*Note: This table should not be used to justify the absence of QC for laboratories with low numbers of patient

samples. There may be a need for more frequent QC when the number of patient samples is low, since review of

trends or shifts in patient results may not be as apparent as when larger numbers of patient results are available for

review. Therefore, careful consideration of the needs of the laboratory and the risk of reporting unreliable patient

results in design of a QC schedule is recommended.

Resources:

https://www.westgard.com/glossary.htm Westgard glossary of quality assurance terminology
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https://onlinelibrary.wiley.com/doi/abs/10.1111/vcp.12583 ASVCP guideline: Allowable total

error hematology

https://onlinelibrary.wiley.com/doi/full/10.1111/vcp.12101 ASVCP guideline: Allowable total

error guidelines for biochemistry

https://www.westgard.com/consolidated-goals-chemistry.htm Compiled human biochemistry

panel allowable total error data from various sources

https://onlinelibrary.wiley.com/doi/abs/10.1111/vcp.12299 ASVCP guideline: External quality

assessment and comparative testing for reference and in-clinic laboratories

https://onlinelibrary.wiley.com/doi/abs/10.1111/vcp.12006 ASVCP guideline: Determination of

de novo reference intervals in veterinary species and other related topics

2https://analyse-it.com/products/method-validation statistical analysis software for method

validation/verification

bhttps://validationmanager.com statistical analysis software for method validation/verification

‘www.medcalc.org statistical analysis software including basic statistics, method

comparison/evaluation, correlation, reference intervals, ROC curve analysis

http://www.westgard.com/lesson27.htm#4 Example data calculations for interference and

recovery studies (note: many of the Westgard QC website materials require a no-cost
registration)

http://vetbiologicalvariation.org Data on natural biologic variation in veterinary species

https://biologicalvariation.eu/ Data on human biologic variation

http://tools.westgard.com/qccalculator.html QC calculator for monthly means, SD, CV

https://www.eflm.eu/files/efcc/Zagreb-Westgard _2.pdf Lesson on quality and sigma metrics

https://www.westgard.com/six-sigma-calculators.htm Sigma calculator
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https://www.westgard.com/lesson6.htm#1 Explanations and examples of OPSpecs charts for

choosing control rules and number of control levels for desired Ped and Pfr

https://www.westgard.com/lesson56.htm Lesson on implementing control rules using

normalized OPSpecs charts

dhttps://www.westgard.com/store/software/ez-rules-3-qc-design-software-detail.html EZRules®3

QC design software for selection of control rules and calculation of sigma metrics

*https://www.westgard.com/downloads/worksheets-downloads.html Information on Westgard

control rules and statistical worksheets

Checklist for Guideline Section 4, Analytical factors Important in Veterinary Clinical
Pathology

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? Additional Comment(s) by Auditor

4.2.1 Laboratory water quality electrical power
stability, and temperature (to include
refrigerator/freezer)/humidity conditions are
monitored on a regular schedule.

O Yes O No

4.2.1 Automated balances, pipettes, microscopes,

and centrifuges are cleaned/calibrated annually. O'Yes LINo

4.2.1 An Instrument Performance Log is created
and maintained for each instrument, recording
routine and special maintenance/repairs and any
other corrective actions taken.

L Yes O No

4.2.2 The laboratory participates in an external
quality assessment/proficiency testing program,
with results distributed and discussed among
laboratory personnel. Inquiry/internal audit is

O Yes O No
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performed if there is an unacceptable deviation
from the peer group mean.

4.3/4.3.9 Appropriate method validation or
method verification/transfer studies are
performed prior to adopting a new test procedure

and/or bringing a new instrument on-line; the HYes HNo
choice between full validation and verification

matches the specific laboratory situation.

4.3.1 Areportable rangg/llnearlty study |s_ O VYes O No
performed for each species to be assayed, if
recommended/applicable. LI N/A
4.3.2,4.3.3 Short-term and long-term replication

studies are performed to assess assay 0 Yes [ No
imprecision/random error, if O N/A
recommended/applicable.

4.3.4 A comparison of methods study is

performed to assess systematic error of the new O Yes O No
method compared to the comparison method, if O N/A
recommended/applicable.

4.3.5 An interference study is performed to

assess systematic error caused by potential O Yes [ No
interfering substances, if O N/A
recommended/applicable.

4.3.6 A recovery study is performed to assess

potential systematic error caused by substances O Yes O No
within the sample matrix, if I N/A
recommended/applicable.

4.3.7_ A reference mtt_erval study is performe_d for O VYes O No
creation of reference intervals for each species to

be assayed, if recommended/applicable. LN/A
4.3.8 A detection limit study |s_performed to O Ves O No
determine the lowest concentration that can be

measured, if recommended/applicable. LI N/A
4.4 Multisite/multi-instrument laboratories

should compare test results among various O Yes [ No
methods, instruments, and/or laboratories to O N/A

monitor performance and identify deficiencies.
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4.5 Instrument function checks are performed
each day of test use, with identification of
possible interferences. Calibration should be
performed at least every six months and more
frequently if indicated.

0 Yes O No

4.6 Laboratory personnel have thorough working
knowledge of instruments and their
use/maintenance and can perform basic
troubleshooting/can take appropriate steps with
various error messages/flags (see also section 2
for more information on personnel
knowledge/training).

0 Yes O No

4.7, Appendix 1 A routine quality control (QC)
plan is in place (see also following detailed items)
to monitor method/instrument performance, with
rules and policies established for analysis of QC
measurement tools (e.g. Levey-Jennings plots).

O Yes O No

4.7.2 There is proper storage and handling of QC
reagents and calibrators.

O Yes O No

4.7.1 Purchased quality control materials should
have low, normal, and high levels that are
medically relevant for veterinary species.

O Yes [ No
O N/A

4.7.1,4.7.3,4.7.4, Appendix 1, Figures 2 and 3,
Table 4 Statistical QC rules, number of control
levels analyzed, and QC frequency are chosen to
ensure a high probability of error detection
(recommended Ped > 90%), a low probability of
false rejection (recommended Pfr <5%), and
hence a low risk of reporting unreliable final
patient results (i.e. results are within quality goals
as may be defined by allowable total error/TEa,
clinical decision limits, and/or expected biologic
variation).

O Yes [ No
O N/A

4.7.1,4.7.4, Appendices 1 and 2, Tables 2 and 4
Sigma metrics are calculated for each test from
TEa, bias, and coefficient of variation (CV) data,
in order to aid determination of which tests
require more stringent statistical and non-
statistical QC.

O Yes [ No
O N/A
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4.7.1,4.7.4, Appendix 1, Figure 3, Table 4 The
potential need for multi-level control rules for
individual measurands (with lower sigma), as
well as the potential need for multistage QC
during a run are assessed.

O Yes O No
O N/A

4.7.1,4.7.4, Appendix 1, Table 2, Figure 2 Non-
statistical QC items are employed as applicable
for lower throughput labs and/or for any
measurands with low sigma performance.

O Yes O No

4.2.1 Accumulated QC data is systematically
reviewed on a determined regular schedule (e.g.
Levey Jennings plot analysis), and appropriate
corrective actions are taken when there are
undesirable trends/results outside of control rule
parameters. Patient samples are not run/reported
until quality control materials are assayed as back
“in control”.

O Yes O No
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Section 5: Hematology

Definitions/acronyms

HGB: hemoglobin concentration

MCV: mean erythrocyte cell volume

MCH: mean erythrocyte cell hemoglobin

MCHC: mean cell hemoglobin concentration

PLT: platelet concentration

WBC: white blood cell concentration

Procedural control: Duplicate aliquots of either an assayed QCM or a previously assayed

specimen from an animal patient.

5.1 Preanalytical factors Important for Hematology in Veterinary Laboratories

5.1.1 Specimen Collection, Handling and Transport General preanalytical guidelines provided
in section 3 for collection of samples for whole blood are applicable for hematologic evaluation.
Blood for hematologic evaluation of mammals is routinely anticoagulated with di- (K2) or tri-
potassium (K3) salts of ethylenediaminetetraacetic acid (EDTA) due to superior preservation of
cells for counting, staining and morphologic evaluation. Either is acceptable if tubes are filled
sufficiently and if testing is conducted in a timely fashion. Under-filling tubes containing K3-
EDTA produces erroneous results from exposure to high salt content (erythrocyte shrinkage).
and potentially from dilution by the liquid anticoagulant. Cell shrinkage primarily effects manual
packed cell volume (PCV), rather than instrument-derived hematocrit (HCT) due to reduction of
osmolality upon introduction of the diluent with automated methods. Inverting tubes at least

eight times immediately after filling to avoid in vitro clot formation is recommended. Heparin
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may be used when EDTA-additive tubes are not available, or for select species such as reptiles
and horses. Variable results may be obtained using heparin with other species, and stain quality
and cell preservation may be compromised.?® Please see section 5.4 for more information.
Blood films should be prepared directly from the needle immediately after collection, or as
soon as possible after collection into an anticoagulant-containing tube, to minimize inevitable
deterioration of cellular morphology.
5.1.2. Specimen ldentification Labeling slide containers is acceptable if ancillary to, rather
than in lieu of, labeling slides. Hematologic accession forms should include all the information
described in section 3.
5.1.3. Sample Shipment Blood films made in the clinic are stored at room temperature and
protected from physical damage, formalin fumes, condensation, and freezing during transport.
Staining may prevent some effects described above; however, many laboratories prefer using
their own stain and request submitting at least one unstained film. Glass slides are particularly
fragile and require encasement in shatterproof holders during shipment. Blood films are
thoroughly air-dried before staining or packaging for shipment. Whole blood samples destined
for shipping should be protected from temperature extremes.
5.1.4 Sample integrity Anticoagulated specimens should be inspected visually upon receipt for
macroclots that will produce variably erroneous results. Because the degree of inaccuracy is
unpredictable, clotted specimens should not be analyzed. Samples which are inappropriately
stored, or stored for prolonged periods, are of questionable or substandard quality. Significant
hemolysis and lipemia may affect results. The submitting clinic should be informed when the
specimen will likely produce erroneous results. Any reports containing possibly inaccurate

results should include documentation of the informative process and obvious comments to the
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clinician that clearly state the nature of the quality issue and the values that may be inaccurate
and misleading.

5.1.5 Sample homogeneity Settling of erythrocytes may not be visible grossly and can
significantly affect quality of results; therefore, samples must be sufficiently mixed immediately

prior to any hematologic testing to ensure homogeneity.

5.2. Analytical factors Important for Hematology in VVeterinary Laboratories

5.2.1 Quality control Hematologic automated assays, calculated indices, and microscopic
findings should all be included in the quality control (QC) process. Operators should be familiar
with methodologies utilized by their instrument. Errors in directly measured results, e.g. red
blood cell count, volume, and hemoglobin concentration, may adversely affect derived results
such as HCT, MCV, MCH, and MCHC.

Microscopic findings may include RBC, WBC, and PLT morphologic appearance,
number of nRBCs/100 WBCs, estimates of reticulocyte and PLT concentrations, and
hemoparasites. Blood smears should be prepared, stained, and retained for microscopic
examination at the discretion of the clinical pathologist or other designated individual, with
established criteria for situations that require microscopic examination. Suggestions include:
confirmation of automated cell and differential counts at predetermined concentrations, (e.g.,
total WBC concentration > 20,000/L), poorly defined cell populations observed on histograms,
results/cytograms flagged by the instrument as questionable, and confirmation or identification
of hemoparasites. High numbers of nRBCs may be included in, and therefore increase, the
automated WBC count. Reporting nucleated cell counts (NCC) in lieu of WBC counts, along

with differential results that include percent and absolute numbers of nRBCs, is a practical
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alternative to counting the number of nRBCs/100 WBCs and then correcting the total WBC
count (author observation).

Cell counts performed manually (for example, in a field situation) using a hemocytometer
should be performed in duplicate as a procedural control because commercial quality control
material is not available for this method. Results may be compared with previously defined,
acceptable limits for differences between duplicates. For example, if the difference between cell
counts is > 10%, one or both chambers should be reloaded, counted again and values matching
within specified limits averaged. This is the only acceptable procedural control for manual RBC
counts.

Measured WBC and PLT concentrations may be compared with a value estimated from a
peripheral blood smear.*” New methylene blue-stained smears may be evaluated for a
microscopic reticulocyte count. If the counts are performed in duplicate using two blood smears,
the results should not differ by >10%. Automated or manual reticulocyte concentrations should
correlate with the proportion of polychromatophilic RBCs observed on a stained blood smear. &
The PCV should approximate the HCT calculated by an automated analyzer using values for
MCV and RBC concentrations. The laboratory should set the maximal acceptable difference,
which may vary among species. MCHC (100 x HGB (mg/dl)/HCT where HCT = MCV x RBC)
provides an index of sample integrity. It may exceed the upper reference interval in the presence
of agglutination or significant in vitro or in vivo hemolysis (which falsely reduce the HCT), or in
the presence of lipemia or large numbers of Heinz bodies (which falsely increase the HGB).%1!
In the absence of these conditions, a high MCHC may indicate instrument error. Additional
recommendations for QC are addressed in the general analytical section of this guideline (section

4).
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If only blood films are submitted for review, CBC results obtained from the sample of
blood corresponding to the blood film should also be provided, including printouts of the
histograms and/or cytograms when feasible.

5.2.2 Monitoring, method validation, instrumentation, personnel knowledge, procedures
manual, and comparison of tests and outsourced tests Monitoring recommendations and

allowable total error for hematology are addressed in the ASVCP guideline: Allowable total

error hematology*? and should include internal monitoring of all equipment with regard to

electronic safety, calibration, maintenance, and performance. As not all the method validation
procedures listed in the general analytical section of this guideline (section 4) are applicable to
evaluation of automated hematology analyzers, select or modify method validation procedures as
necessary to ensure that new methods and analyzers are functioning satisfactorily to meet the
laboratory’s requirements and the manufacturer’s specifications for mammalian and non-
mammalian hematology. Information about personnel knowledge, procedures manual,
comparison of tests, and outsourced tests are important analytical aspects and are likewise
addressed in sections 2, 4, and 12. Personnel knowledge is further addressed in the non-

mammalian section (5.4 below).

5.3. Postanalytical factors Important for Hematology in Veterinary Laboratories (see also

section 12) Specimens should be stored under appropriate conditions for a pre-established
period, as determined by specimen stability, laboratory policy, and certification and accreditation
requirements. Stained microscopic slides may be held indefinitely, whereas specimens such as
whole blood have a limited storage life. 131® Reports should include statements regarding

deviations in sample integrity or testing procedures that may affect the quality of results.
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5.4 Manual hematology of hon-mammalian species

5.4.1 Preanalytical Blood smears should be made at the time of blood collection, especially
when using heparinized samples because thrombocytes may aggregate rapidly and could skew
differential and hemocytometer results. Acceptable transport times for avian blood specimens are
shorter than those of mammalian and reptilian samples. A controlled study has shown that
refrigerated avian blood deteriorates within 12 hours regardless of anticoagulant, whereas
reptilian blood specimens are stable for 24 hours.!” Acceptable transport time for avian blood
smears on glass slides are like those of other species. Hematology specimens for shark species
are less stable and should be processed within 5 hours due to cellular deterioration.8
Alternatively, fish blood specimens preserved using 10% buffered formalin at the time of
collection may be used for hemocytometer counts after ambient storage for at least one month?®
EDTA (7.5% or 1-2 mg/mL of blood) is acceptable for most, but not all, species. Blood from
stingrays, some bony fish, and some reptilian and avian species reacts atypically in EDTA, so
heparin is commonly used for these species.®?%2! Blood from elasmobranchs (sharks, skates, and

rays) should be placed in a tube containing dry anticoagulant d ¢ t their high plasma osmolality

values (~1000 mmol/kg); liquid anticoagulants may be used if adjusted for osmolality.

Section 5, Table 1

Anticoagulant | Suggested species Exceptions Advantages (A)/Disadvantages (D)
EDTA Most mammals Horses (A) Good cell morphology
Most birds Some reptiles (D) Serum or heparin vial needed for
(e.g. sea turtles, chemistry
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stingrays)

Lithium heparin | Most species None (A) A single vial may be used for
hematology and chemistry assays
(D) Rapid thrombocyte aggregation may

skew cell counts and differential

Laboratory personnel should have specific training in handling and preparation of
specimens from exotic species. Training should be documented and include basic prevention of
bacterial contamination as well as information on zoonotic pathogens, including Chlamydophila,
Salmonella spp., West Nile virus, avian influenza, and Giardia. Methods used to document
training, continuing education, and periodic proficiency assessment should be at the discretion of
the laboratory director (please also see section 2, total quality management systems).

5.4.2 Analytical

5.4.2.1 Monitoring, instrumentation, and personnel knowledge Internal laboratory monitoring

should include reagent preparation for the cell-counting diluent (reagent grade water, verification
of quality of new lot compared with that of previous lot). Equipment (e.g., hemocytometers,
weighted hemocytometer cover slips, hand tallies, calibrated pipettes, and differential cell
counters) used for hematology procedures should be in good working order. Single use
disposable hemocytometers are also commercially available. For each piece of equipment,
routine monitoring and regular maintenance (e.g., annual calibration of pipettes and balances)
should be performed and documented. Records of maintenance, malfunction, and repairs should
be kept. Laboratory analysts must be proficient in cell identification for the species tested.
Comprehensive knowledge of species variation when using flow cytometry is important when

verification by manual methods is required.
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5.4.2.1 Method validation The use of select automated methods for determining cell counts for

some non-mammalian species has been evaluated with varied success.??2

5.4.2.2 Quality control Manual WBC counts using a hemocytometer are imprecise and have

coefficients of variation (CV) ranging from 20-40%.7?" Therefore, QC implementation and
statistical analysis may indicate whether the amount of variation is relevant to daily operation. In
method validation studies for shark species, CV was comparable to manual hematology for
human WBC counts as reported in the B-D product insert for Unopette 365855 (Becton
Dickinson and Company, Franklin Lakes, NJ, USA) when the specimen was processed within 5
hours of collection.!® Currently, commercially prepared control materials are not available for
non-mammalian blood cell counts. Procedural controls for hemocytometer analysis include
duplicate aliquots of a specimen from an animal patient performed within the acceptable time
limits for specimen stability and a WBC estimate from the blood smear. Each institution should
document a reliable protocol for evaluating the accuracy of hemocytometer counts.?® Estimated
total WBC counts may be difficult due to the similar morphologic appearance of lymphocytes
and thrombocytes when viewed at the lower magnifications typically used for WBC estimates of
mammalian cells.?>?° Performing WBC estimates using higher magnification with immersion oil
may improve accuracy.>® Evidence of leukocyte or thrombocyte aggregation in the
hemocytometer should be reported to indicate erroneous total WBC concentration and
differential cell counts.

Proficiency testing (external QC) for technical staff members should be documented
annually or more frequently as determined by the institution. Testing should include comparison
counts from the same blood specimen for total cell concentrations and for leukocyte differential

counts. Specimen selection should be representative of the animal patient population such as
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birds, reptiles, teleosts, and elasmobranchs. Between laboratorians, hemocytometer counts
should agree to within 15%, and differential percentage results for each cell type should agree to
within the 95% confidence interval 3

5.4.2.3 Quality control for manual cell count method—thrombocyte/lymphocyte error

Differentiation of thrombocytes and lymphocytes in the hemocytometer may be difficult for
newly trained technologists or for experienced technologists when counting cells from certain
animal species. A good QC procedure is to count all non-erythrocytes in the 9 large squares of
the Neubauer chamber and calculate the total number, sometimes referred to as T-WBC, or
thrombocyte — WBC. The T-WBC is not the reported value and must be corrected based on the
differential count. Perform the differential count twice on stained smears free of thrombocyte
clumps: include thrombocytes in the first differential count and exclude them in the second. The
latter is reported as the actual differential count. Using the percent thrombocytes from the first
differential count and the T-WBC, calculate the absolute value for thrombocytes and subtract it
from the T-WBC to determine the total WBC concentration.
Example:

e Tally from hemocytometer with a 1:100 dilution = 750 non-erythrocyte cells

e T-WBC count=750 x 1.1 x 100 = 82,500/uL

e Differential = 1% monocytes , 9% lymphocytes , 8% heterophils, and 82% thrombocytes

e Absolute value for thrombocytes = 0.82 x 82,500 = 67,650/uL

e Calculate absolute values for remaining leukocytes

e The corrected total WBC concentration = 82,500 — 67,650 = 14,850/uL.

5.4.2.4 Reagents and materials Documented protocols for cell counts include methods where all

cells are visible in the hemocytometer (sometimes referred to as direct methods) using methyl
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violet,* toluidine blue,*3or no dye,*% to determine total RBC, WBC, and thrombocyte
concentrations. Partial count methods (sometimes referred to as indirect methods) using phloxine
B dye? for total WBC only are also used, where only the cells containing eosinophilic granules
are visible in the hemocytometer, and the total WBC concentration is calculated based on the
percent heterophils and eosinophils from the differential. Reported method validation studies
between the direct and indirect techniques are conflicting?®3¢="and require further investigation,
preferably following Westgard guidelines for method validation,3 with a more representative
number of animal species. The disparity in results may be due to the imprecision of each method.
The diluent described by Natt and Herrick can be prepared in the laboratory and is suitable for all
non-mammalian vertebrate species; however, when this diluent is used for elasmobranchs
(sharks, skates and rays), additional salts are required to adjust the osmolality of the stock
solution.'® Hawkey’s technique utilizing the WBC Unopette (Becton, Dickinson and Company)
and the Eosinophil Unopette 5877 (Becton, Dickinson and Company) with phloxine B diluent
can be performed using commercial reagents developed to replace the discontinued Unopette

products.
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Checklist for Guideline Section 5, Hematology

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The

numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not

pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? | Additional Comment(s) by Auditor
5.1.1 Blood tube additives are appropriate
for the species of interest. Tubes are O Yes O No
appropriately filled and mixed. Films are O N/A

prepared in a timely fashion.

5.1.2 Films and tubes are labeled with 1-2
unique patient IDs and date of collection.
Accession forms contain rDVM and clinic O Yes [ No
info, date of collection, signalment, and O N/A
relevant history, including appropriate data
(please also see checklist for section 3).
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5.1.3 Transported whole blood and films
are protected from physical damage and

extreme temperatures. Films are O Yes O No
additionally protected from formalin fumes 0 N/A
and condensation. Shipment is expedited to

avoid compromising sample integrity.

5.1.4 Whole blood and film integrity are

inspected prior to testing, and the

submitting entity is informed when the O Yes [ No
specimen is likely to produce erroneous O N/A
results and/or when resampling is

requested.

5.1.5 Whole blood samples are mixed to O Yes [ No
insure homogeneity prior to testing. O N/A
5.2.1 Quality control policies are

established, followed and documented.

Hematologic automated assays, calculated 0 Yes [ No
indices, and microscopic findings are 0 N/A
included in the hematology quality control

(QC) process.

5.2.1.1 Hemocytometer-obtained counts

are performed in duplicate as a procedural

control. Predefined goals for agreement are | [ Yes [1No
established, with documentation of OO N/A
deviations, and policies in place for

mitigation.

5.2.1.2 Manual or mstrlljme_nt-obtal.ned O Ves O No
results are compared with film-derived

estimates. D N/A
5213 Fllms submlt_ted for review are O VYes O No
accompanied by available instrument-

derived data. LIN/A
5.2.2 Instruments are monitored for

electronic safety, ca!lbratlon, malntenance O VYes O No
and performance, with appropriate

documentation. Instrument manuals are D N/A
readily available.

5.3.1 Specimens are stored under O Yes O No
appropriate conditions for a pre-established O N/A
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period, as determined by specimen
stability, laboratory policy, and
certification/accreditation requirements.

5.3.1.1 Reports include statements
documenting any deviations in sample

. . . 1 Yes [ No
integrity or testing procedures that may
affect the quality of results or interpretation LIN/A
thereof.

5.4 Non-mammalian species: ' O VYes O No
5.4.1.1 Blood smears are made at the time
of collection. LN/A
5.4.1.2 Blood sample transport times are O Yes [ No
appropriate for the species. 0 N/A
54.1.3 Antlcoagulant ad_dltlves and OYes O No
formulations are appropriate for the
species. D N/A
54.1.4 _Laborato_ry personnel are_ O VYes O No
appropriately trained for the species, and
training is documented. L N/A
5.4.2.1 Reagent preparation for cell-
counting diluent includes monitoring 0 Yes [ No
quality of reagent grade water and new lot O N/A
compared with that of previous lot.
5.4.2.2 Equipment (e.g., reusable
hemocytometers, weighted hemocytometer
cover slips, hand tallies, calibrated pipettes, | [ Yes [ No
and differential cell counters) used for O N/A
hematology procedures are in good
working order.
5.4.2.2 External QA/Proficiency testing of
technical staff is performed and O Yes [ No
documented, and results are within 0 N/A
acceptable limits.
5.4.2.3 Documented protocols for cell
counts include m_thod_s where all cells to O VYes O No
be counted are visible in the

O N/A

hemocytometer, e.g. RBCs, WBCs, and/or
thrombocytes.
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Section 6: Hemostasis Testing (Coagulation)

6.1 Preanalytical factors for hemostatic testing

Laboratories should provide written guidance and be prepared to answer questions regarding
sample collection and handling. For viscoelastic testing, samples should be collected and
processed according to published recommendations for veterinary species.! Laboratories offering
specialized coagulation testing (e.g. platelet function assays, factor activity testing, anti-Xa
monitoring) should evaluate effects of sample collection, handling, and storage on their reagents
and instrumentation and use the results of these studies to inform submission guidelines. The
following discussion is focused on prothrombin time (PT), activated partial thromboplastin time
(aPTT), fibrinogen, and D-dimers.

6.1.1 Specimen Collection

6.1.1.1 Anticoagulants Trisodium citrate is generally the preferred anticoagulant, but some
point-of-care testing devices are validated for use with unadulterated whole blood. Either 3.2%
or 3.8% trisodium citrate is acceptable, but for some instruments there is a small difference (1-2
seconds prolongation for 3.2% compared with 3.8%) in aPTT results generated using different
citrate concentrations.?? To ensure reliable detection of subtle coagulation deficiencies, it is
recommended that laboratories either specify one sodium citrate concentration (preferably 3.2%
because of greater clinical availability and reduced impact of underfilled tubes) or investigate the
effect of citrate concentration on their aPTT analyzer and reagent, and if necessary generate
separate reference intervals for 3.2% and 3.8% citrate.?

6.1.1.2 Sample Volume The desired ratio is one-part trisodium citrate to nine parts blood in

patients with normal hematocrits, which can be achieved by filling a vacutainer to the fill line.

Based on investigations in humans and dogs, the effect of overfilling is minimal.*®> Human
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studies report the effect of underfilling is more pronounced for 3.8% than 3.2% citrate tubes and
aPTT appears more affected than PT.%8 Prolongations associated with underfilling are generally
subtle, such as a canine study reporting a 0.5 second increase in mean PT and a 0.7 second
increase in mean aPTT with a 3.8% citrate to blood ratio of 1:7.>® However, occasional greater
prolongations have been reported in human patients.® Therefore, if the laboratory accepts
underfilled tubes, results for tubes filled to <90% of the desired fill volume should be released
with a warning that false prolongations can occur with underfilling.

6.1.1.3 Effect of patient PCV In anemic patients, filling a vacutainer to the fill line results in

under-anticoagulation (i.e. the ratio of plasma to citrate is increased); hemoconcentrated patients
are conversely over-anticoagulated. In anemic human patients (PCV <25%), this alteration does
not have a clear, clinically significant effect on PT/aPTT,® but in hemoconcentrated (PCV >55%)
humans use of a 1:9 blood to citrate ratio results in potentially clinically significant prolongations
in PT and aPTT, as well as decreased fibrinogen.*® An in vitro study using dog blood showed
that increasing hematocrit to 57-63% had no effect on prothrombin time, but led to 2.1 to 4.0
second prolongation of aPTT.! To avoid this inaccuracy, adjustment of the sodium citrate to
blood ratio in hemoconcentrated patients has been suggested, but the risk of errors in performing
this adjustment may outweigh the potential improvement in accuracy of coagulation times.® It is
suggested that this adjustment is only necessary in animals whose PCV exceeds 55% when
detection of potentially subtle coagulation defect (e.g. hemophilia) is required, or when aPTT is
used to monitor heparin (i.e. adjustment is likely unnecessary for detection of severe

coagulopathies such as rodenticide ingestion).
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It is suggested that where possible, laboratory staff should assist clinical personnel with
any adjustment of citrate volume. The required volume of citrate can be calculated using the
equation:

Volume of citrate (mL) = (1.85 x 1073) x (100 — PCV) x (mL of blood to be added to the
tube).10
For example, for a patient with a PCV of 60% using a 2.7mL vacutainer, (0.00185) x (100-60) x
(2.7mL) = 0.2mL of trisodium citrate required. The starting volume of citrate in a 2.7mL tube is
0.3mL, so 0.1mL is removed before 2.7mL of blood is added.

6.1.1.4 Venipuncture Minimally traumatic venipuncture technique and avoidance of hematoma

sites is essential. Collection should be into siliconized glass or plastic. There is limited evidence
to suggest either collection into a non-anticoagulated syringe and immediate transfer to a
vacutainer or collection directly into citrate is acceptable for PT/aPTT.*? However, based on
significant differences between viscoelastic testing results for samples collected directly into
vacutainers versus into non-anticoagulated syringes, use of consistent technique for serial
monitoring is recommended.!

Needle gauges of 25 G and 22 G have been shown to provide clinically acceptable PT
and aPTT results for cats®® and 21 G, 23 G and 25 G for dogs.'* Use of butterfly infusion sets
with 300mm tubing has been shown to be acceptable in humans'® but based on personal
experience, sets with shorter tubing (e.g. 90mm) are often more practical for use with small
animal patients. Authors of several studies have considered agreement between samples
collected by direct venipuncture compared to intravenous cannulas,*?® central intravenous
catheters (i.e. sampling catheters),*217 or arterial catheters®® as clinically acceptable for PT and

aPTT in dogs'>*"® and horses.'® However, it should be noted that most of these studies did not
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assess catheters in place for more than 48 hours,*>1" involve only small numbers of patients, and
for the canine studies did not evaluate hemolysis. In humans, blood collection via intravenous
cannulas is associated with hemolysis,® which may interfere with some coagulation tests. In the
absence of large studies assessing intravenous cannulas in small animals, blood collection via
direct venipuncture or central venous catheter is preferred in dogs and cats, but where this is
impractical or poses an unacceptable risk to the patient, samples collected by intravenous
cannulas are considered acceptable.

By extrapolation from a canine study using thromboelastography, a discard sample is not
required for measurement of PT/aPTT in samples collected by atraumatic venipuncture but is
advisable if the needle is not inserted directly into the vein on the first attempt.?’ Based on
human recommendations, for samples collected via an intravenous cannula, flushing the catheter
with saline and drawing a discard sample of at least 3 times the dead space of the system is
recommended to clear tissue factor, cellular debris, intravenous infusion fluids or heparin flush.’
However, there is disagreement in the human literature regarding the discard volume required to
effectively remove heparin and other medications, with some studies suggesting larger discard
samples are required.?! Therefore, unexpected isolated prolongations in aPTT (or a markedly
increased aPTT with only a mildly increased PT) for samples drawn via heparinized catheters
should raise suspicion of unfractionated heparin contamination regardless of whether a discard
sample was drawn. Use of a discard tube is recommended when using butterfly catheter tubing
systems in order to remove air from the tubing, which may lead to improper filling of the first

vacutainer.’
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6.1.2 Specimen Handling and Transport to the Laboratory Samples should be checked for
clots immediately after collection and before analysis. This can be performed visually or using
an applicator stick. Clotted samples should be rejected, and a re-draw requested.

6.1.2.1 Time between sample collection and plasma separation Non-anticoagulated whole blood

PT/aPTT tests should be performed immediately after sample collection without further
processing. For citrated whole blood assays that do not require plasma separation, users should
refer to manufacturer’s guidelines regarding acceptable delays in analysis or should establish the
effects of delay by experimentation. Making firm recommendations regarding acceptable delay
before separation of plasma for plasma-based PT/aPTT tests is difficult because there are
inconsistencies between canine studies.?2% As alterations in human aPTT results exceed
analytical quality requirements after storage of whole blood at room temperature or 4°C for 24
hours but not 6 hours,?* refrigeration of whole blood and plasma separation within 6 hours is
recommended in most settings where plasma separation cannot be performed immediately post-
collection. However, longer delays or room temperature storage are considered acceptable if the
laboratory has confirmed this does not produce clinically significant alterations using their
reagents.?>%3

There is some human evidence to suggest that when aPTT is used to monitor
unfractionated heparin therapy, storage of whole blood at room temperature results in
unacceptably large decreases in aPTT within 4 hours.?® For heparin monitoring, plasma should
therefore be separated within one hour. There is also human evidence to suggest that 2 hours
transport of whole blood by car before plasma separation can introduce clinically unacceptable
errors in coagulation testing.?® Therefore, for samples that will be tested at a distant site, plasma

separation before transport is suggested, even if the delay in analysis will not exceed 6 hours.
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6.1.2.2 Centrifugation and plasma separation Centrifugation at 1500 x g for 15 minutes is

traditionally considered optimal. Human studies suggest shorter, higher speed centrifugation
times are acceptable for PT/aPTT.2"?8 In the absence of veterinary evidence, it is suggested that
rapid centrifugation protocols be employed only in situations where shorter turnaround time is
considered critical for clinical outcome. Shorter centrifugation times increase platelet
contamination.?® It is therefore recommended that non-standard centrifugation protocols should
be avoided for samples that will be frozen before analysis or used for monitoring unfractionated
heparin. 331

There are small but statistically significant differences in the results of human routine
coagulation testing when plasma is centrifuged at 25°C vs. a refrigerated centrifuge, and also
when centrifuged with vs. without the centrifuge brake on.3>% It is therefore recommended that
centrifugation conditions be kept consistent between samples. After centrifugation, plasma
should be removed without disturbance of the buffy coat using a plastic (not glass) pipette and
transferred to an additive-free plastic tube. This secondary tube should be clearly labelled as
containing citrated plasma to avoid inadvertent confusion with other sample types (e.g. serum,
EDTA).

6.1.2.3 Storage between plasma separation and analysis Making definitive recommendations

regarding storage of citrated plasma before analysis is challenging because veterinary evidence is
limited and in some cases contradictory.*38 The variability of these results may in part reflect
differences in the sensitivity of individual reagents to the effects of storage on individual
coagulation factors. Therefore, unless the laboratory has investigated the effects of storage using
their own reagents, analysis as soon as possible after plasma separation is preferred. Where

analysis within one hour of plasma separation is not possible, storage at room temperature or at
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4°C for up to 24 hours is likely acceptable for in-house samples.®>3” For samples that will be
shipped to an outside lab, refrigeration of plasma until shipping on ice packs is likely acceptable
if the delay between sample collection and analysis does not exceed 24 hours.®*>*" For samples
that cannot be shipped on the day of collection, freezing plasma and shipping overnight
preferably on dry ice may be acceptable.3****8 Given the variation in published data on storage
and lack of veterinary evidence regarding effects of deviations in temperature above room
temperature (as may be experienced during shipping), it is suggested that laboratories should
confirm the effects of these storage conditions before accepting mail-in specimens. Based on
results for fresh frozen plasma it is recommended that frozen specimens be thawed in a water

bath at 37°C for 5 minutes (or if not thawed by 5 minutes, until fully thawed).®

6.2 Hemostasis (Coaqulation) Analytical

6.2.1 Method validation Specific considerations relevant to coagulation testing include the use
of aPTT for monitoring unfractionated heparin. Ideally, laboratories with users requiring aPTT
results for heparin dose adjustment would determine the prolongation that corresponds to the
therapeutic range for unfractionated heparin for their reagent and instrument. This involves
measurement of aPTT and either anti-Xa activity or heparin by protamine titration for at least 20
samples from patients receiving unfractionated heparin (and a maximum of 2 samples per
patient).3! Regression analysis can then be used to define the aPTT prolongation that corresponds
to an anti-Xa activity of 0.3-0.7 1U/mL3! or a heparin concentration of 0.2-0.4 1U/mL. This
requires samples from heparinized patients that span the therapeutic range.3! Spiking of normal
plasma with heparin in vitro is not an acceptable alternative, as this does not adequately mimic in

vivo samples.314% The therapeutic range should be confirmed with changes in lot number of
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aPTT reagent.3! Unfortunately, initial definition and subsequent confirmation of therapeutic
range is often impractical in veterinary laboratories due to lack of available specimens. If the
therapeutic range for unfractionated heparin cannot be defined, laboratory users requesting aPTT
for unfractionated heparin monitoring should be warned that a 1.5 to 2-fold prolongation in aPTT
does not necessarily correspond to achieving therapeutic targets.

There are reports of the use of prothrombin time to calculate an international normalized
ratio (INR) for warfarin monitoring in veterinary patients.***> However, this approach has not
been thoroughly validated.*® Furthermore, calculation of INR also requires local calibration to
confirm that the international sensitivity index (ISI) provided by the manufacturer is appropriate,
and re-calculation of the geometric mean normal prothrombin time with each reagent lot
change.** These procedures are not routinely performed in veterinary laboratories and rely on
human calibration plasmas that may not be appropriate for domestic species. Provision of INR
values to users is therefore not currently recommended. If users request the I1SI of the PT reagent,
the laboratory should advise the user that this value has not been locally verified or validated for
veterinary species.

6.2.2 Instrumentation Laboratories should have a written policy defining the response to out-
of-range results and samples with interferences exceeding those established to be acceptable for
the method. If the laboratory uses an alternative method (e.g. tilt-tube, mechanical,
electrochemical testing) to confirm out-of-range prolongations and/or analyzes samples with
interferences that prevent the use of optical methods, the relevant SOPs should specify the
thresholds that trigger use of the alternative method. Water baths used for coagulation testing

should be regularly checked to confirm temperatures are accurate.
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6.2.3 Personnel knowledge For laboratories serving in-house clients or accepting hand
delivered specimens, all laboratory personnel should be aware that coagulation testing is often
requested to guide therapeutic decisions in critically ill animals and results are frequently time
sensitive. Providing clinicians the option to “stat” samples is recommended. Similarly, if a
redraw is requested for preanalytical or analytical reasons, clinical staff should be informed
immediately.

Personnel should be able to provide information about: the extent to which the assays
offered are validated for therapeutic drug monitoring (see method validation); the likely
magnitude of effect of potential pre-analytical errors; the likely causes of abnormalities in
coagulation results; and, recommendations for follow up testing. The use of standardized
comments can also be useful, particularly to draw the clinician’s attention to potential
preanalytical issues (e.g. isolated prolonged aPTT due to contamination with unfractionated
heparin; marked reduction in fibrinogen and unreportable PT/aPTT when serum is inadvertently
submitted as plasma).

6.2.4 Quality control for coagulation Distinctions should be made between point of care
instruments and bench-top instruments. For point-of-care instruments, the ASVCP guidelines for
point-of-care testing should be followed.* Point-of-care coagulometers typically include
electronic QC, but use of liquid external QC is recommended when there is a change in lot
number for a cartridge/reagent, change in instrument, software update, possible damage to the
instrument, or if results are generated which are not considered clinically likely.*® For benchtop
instruments, a minimum of one level of control material (and ideally two levels) should be run
each shift if a coagulation test is requested. For laboratories with a significant emergency

caseload, it may be prudent to run a control material at the start of every shift regardless of
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whether coagulation testing is requested, to ensure that processing of stat samples is not delayed
by QC failures. Laboratories should define shift length based on experience of the stability of
their own instrument’s performance; based on human recommendations, a maximum of 8 hours
IS suggested.

For laboratories performing manual (i.e. tilt tube) testing, at a minimum a normal control
should be assayed simultaneously and ideally also an abnormal control. The case and control(s)
should be assayed in duplicate, and the laboratory should pre-specify the criteria used to
determine if agreement between the two duplicates is acceptable. For laboratories that usually
employ an optical method but that will perform manual, mechanical, or electromechanical testing
as an alternative for specimens with unacceptable interferences (e.g. lipemia), reference intervals
should be established or validated for these methods.

Lot-to-lot variability is a significant concern for aPTT reagents in human medicine.*64” A
canine study investigating lot-to-lot variability of PT reagents found statistically significant
differences between lots (median inter-lot CVs 2.7 to 5%), although the author did not consider
these to be clinically significant.*® Results were similar for two aPTT reagents (median inter-lot
CV 2.4% and 2.7%), but greater differences were detected for a third reagent.*® Given the limited
veterinary data available, it is suggested that laboratories should develop a strategy to verify that
previously established reference intervals remain acceptable after a reagent lot change.%%-52

For laboratories performing tests that are reported as a percentage of a pooled normal
sample generated in-house, procedures should be developed to confirm that each new pooled
sample generates acceptable results. The stability and handling conditions for pooled samples
should also be defined based on experimental studies performed using the laboratory’s own

instrumentation, reagents, and storage conditions.
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Due to variability between reagent/instrument combinations, it is recommended that any
external quality assurance program compares users with the same instrument/reagent
combination.

6.2.5 Outsourced tests Many outsourced coagulation tests have specific sample collection and
handling requirements. It is recommended that the laboratory provide users with advice, and

where feasible, assistance to ensure submitted specimens meet these requirements.

6.3 Procedures Manual and Reporting/Postanalytical Considerations Due to the potential

urgency of coagulation testing, batched analysis of clinical specimens is not encouraged, but if
this is unavoidable, the timing of batches should be made available to laboratory users.

The procedures manual should specify wording for result reporting. A potential source of
confusion in coagulation testing is the reporting of out-of-reportable range values, which some
instruments report as an error message. These results should be reported to the clinician as more
than the upper limit of the reportable range (or in the case of fibrinogen, less than the lower limit
of the reportable range) to clearly distinguish marked clinically significant alterations from
instrument failures.

For assays in which the patient’s result is reported as a percentage of a normal control, it
is not recommended to report the control specimen’s result to the clinician, due to the potential
for confusion regarding which value represents the patient. In situations where a reference
interval is not available and a healthy control is assayed simultaneously with the patient (e.g.
unusual species), the control result and the patient’s result should be clearly distinguished in the

same report or reported separately. In this situation, the laboratory should assist the clinician in
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interpretation of the likely clinical significance of differences between the case and control,
including consideration of the analytical variability of the method

6.3.1 Comparison of tests There is significant variability between different PT and aPTT
reagents and different coagulation analyzers.*®°35* PT/aPTT results generated using one
reagent/instrument combination therefore may not be comparable to results generated using a
different reagent/instrument combination. If laboratory users have access to results generated
using different analyzers (e.g. bench top instrument in core laboratory, point of care analyzer),
client education and written guidance should be provided to advise that results and reference

intervals for each instrument/method are not transferrable.
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Checklist for Guideline Section 6, Hemostasis testing

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? | Additional Comment(s) by Auditor
6.1 The laboratory provides written guidance to
offsite clients and is prepared to answer O Yes [ No
questions regarding sample collection and 0O N/A
handling.
6.1.1.1 The laboratory either specifies one
trisodium citrate concentration or has
investigated the effect of trisodium citrate [0 Yes [ No
concentration on their analyzer and reagent, and O N/A

as necessary has generated a separate reference
intervals for 3.2% and 3.8% trisodium citrate.
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6.1.1.2 Results from blood tubes filled to <90%

of the desired fill volume are released with a O Yes O No
warning that underfilling can cause false O N/A
prolongations.

6.1.2 Samples should be checked for clots and O Yes O No
clotted samples rejected. O N/A
6.1.2.1 For plasma-based assays, citrated

plasma is separated from whole blood within 6

hours of collection for PT/aPTT, unless aPTT is 0 Yes [ No
being used for monitoring of unfractionated O N/A
heparin, in which case plasma should be

separated within one hour.

6.1.2.1 Plasma is separated before shippingtoa | [ Yes [1No
remote laboratory for testing. O N/A
6.1.2.2 Plasma is separated by centrifugation at O Yes [ No
1,500 x g for 15 minutes. O N/A
6.1.2.2 Centrifuge conditions, |r.1clud|ng OYes O No
temperature and use of the centrifuge brake, are

consistent for all samples. LI N/A
6.1.2.2 Plasma is transferred using a plastic

pipette to a plastic, additive-free secondary tube, | O Yes [ No
which is clearly identifiable as containing O N/A
citrated plasma.

6.1.2.3 Whenever possible, plasma is analyzed

within 1 hour of separation. If this is not

achievable, the laboratory may follow storage

recommendations established by in-house

investigation or the recommendations herein.

These allow plasma storage for up to 24 hours at

room temperature or 4°C for in-house O Yes O No
specimens; storage at 4°C and shipping same- O N/A

day/overnight on ice for mail-in specimens that
will be analyzed within 24 hours of patient
collection; or, freezing followed by shipping
overnight on ice for mail-in specimens that will
not be analyzed within 24 hours of patient
collection.
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6.1.2.3 If frozen specimens are accepted, plasma

is thawed for 5 minutes (or until full thaw) in a HYes LINo
37°C water bath before analysis. L N/A
6.2.1 If aPTT is used for unfractionated heparin
monitoring, the therapeutic range should be
established using at least 20 samples from
patients receiving unfractionated heparin. If this 0 Yes O No
cannot be achieved, users requesting aPTT are O N/A
advised that fold changes in aPTT do not
necessarily predict achievement of therapeutic
targets.
6.2.1 In'FernatlonaI N.ormall.zed Rat.lo (INR) is O VYes O No
not provided (not validated in veterinary
species). L N/A
6.2.2 The laboratory has a written policy
defining the re§po_nses to out—of-_range _results O VYes O No
and samples with interferences, including the
triggers for use of confirmatory or alternative LI N/A
methods.
6.2.2 Water baths are regularly checked to O Yes [ No
ensure the desired temperature is achieved. O N/A
6.2.3 Personnel are aware of the potential
urgency of coagulation test requests and the OO Yes [ No
requirement to inform clinical staff as soon as O N/A
possible if a redraw is required.
6.2.3 Personnel can provide information about
the extent to which methods have been validated
for commonly used therapeutics; likely O Yes O No
magnitude of effect of common pre-analytical I N/A
errors; likely causes of abnormalities; and, can
provide recommendations for follow up testing.
6.2.4 For reference instruments, a minimum of 1
Ievc_al of co_ntrol materlal_ls assay_ed in each shift O Ves O No
during which a coagulation test is requested.
Ideally, two levels of control are assayed in LI N/A
every shift.
6.2.4 If manual_ (!.e. tilt tube) testing is _ O VYes O No
performed, a minimum of one normal control is

O N/A

assayed at the same time as the patient sample.
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Control(s) and patient samples are assayed in
duplicate, and criteria are defined for the
acceptable difference between duplicates.

6.2.4 If laboratories are reporting assays as a
percentage of normal pooled samples,

procedures are in place to confirm that new O Yes O No
pools generate acceptable results. Stability and O N/A
handling conditions for pooled plasma are

established by in-house experimentation.

6.2.§ Users.are provided with advice, and where O VYes O No
feasible, assistance to ensure correct sample

collection and handling for outsourced tests. LI N/A
6.3 If batched analysis is performed, the timing 0 Yes [ No
of analysis is available to users. O N/A
6.3 Wording for results reporting is clearly

specified, including reporting of ou?-of- O VYes O No
reportable range results and as applicable, the /
clear differentiation of patient results from LIN/A
simultaneously assayed control samples.

6.3 If multiple coagulation instruments are

avallablle W|th|.n one mstltutlgn, client edgcatlon O Ves O No
and written guidance are available regarding the O N/A

variability in coagulation results generated by
different instrument/reagent combinations.
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Section 7: Crossmatching

This section describes quality factors concerned with crossmatching for blood
transfusions in dogs and cats. Major crossmatches consist of testing patient serum (or plasma)
with a saline suspension of donor RBCs. A minor crossmatch, available when a donor whole
blood specimen has been submitted, consists of testing a saline suspension of RBCs from the
recipient (animal patient) with donor serum or plasma. This step is uncommonly done in dogs
since they lack clinically significant naturally occurring antibodies,* but it is appropriate if
donors have been previously transfused or have an uncertain transfusion history.? The use of
these types of donors is not recommended. The minor crossmatch may also be appropriate if
donors are not screened for, but may have, significant naturally occurring antibodies (e.g. for all
cats).® Blood donor management, unit collection and handling, and crossmatching in other
species are beyond the scope of this document.

7.1 Preanalytical factors important for crossmatching in veterinary laboratories pertain to

collection and handling of appropriate samples with strict adherence to accurate patient and
sample identification and appropriate documentation from collection through post-transfusion.
General and specific recommendations for specimen collection, handling, and transportation of
hematology specimens should be followed (see section 5). Serum or plasma (ACD, CPDA, or
EDTA) may be used for crossmatching in dogs and cats.® Serum (fresh or frozen) can serve as a
source of complement in a procedure for detection of hemolysins in dogs and cats, but this has
not typically been performed.* Plasma is preferred in human medicine due to potential
interference from fibrin clots that may form in non-additive tubes when patients are undergoing
heparin treatment.>® Anticoagulated (EDTA, ACD, or citrated) whole blood or packed RBCs is

necessary for the major crossmatch, from the donor(s) and from the patient (for auto-control
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erythrocytes). Specimens for minor crossmatch include erythrocytes (anticoagulated whole
blood) from the recipient and serum or plasma from the donor(s). Samples described above are
appropriate for working up suspected transfusion reactions (repeat typing and crossmatching),
and potentially for antibody screening. Recipient and donor specimens ideally should be as fresh
as possible and free of hemolysis, lipemia, and clots. Clots should be removed from samples
prior to testing; fibrin clots in plasma or serum and clotted erythrocytes in cell suspensions may
interfere with reading for agglutination. Human specimens from donor unit segments may be as
old as the unit of blood to be crossmatched’; however, use of these aged erythrocytes may be
more prone to storage lesions and induce non-specific test reactions (author observation).

Studies evaluating the rate of alloimmunization in animals are scant. Anti-DEA 1
antibodies can be detected as early as 9 days after transfusing immunizing blood into a naive
dog.2® A DEA 1-negative naive dog developed strong, persistent alloantibodies more than 16
days after transfusion with weak DEA 1-positive donor cells.® Crossmatching dogs with a
history of transfusion (at least three days previously), and therefore subject to sensitization, has
been documented.® For some crossmatch procedures, whole blood is used, whereas others
require a phosphate-buffered-saline washed RBC suspension.* Washed cells should be prepared
fresh from the original sample for each test run.

Specimens from the recipient and donor(s) should be clearly labeled with name/ID of
animal patient and donor(s) with date, time, and species. At least one, and ideally two unique
identifiers should be utilized for each patient specimen submitted.® Specific forms for submission
should be considered to ensure accurate assignment of specimens as recipient and donors.
Inclusion of historical information, such as known blood type and prior transfusion date(s), is

recommended. Tubing segments are pre-labeled with the unit serial number, often submitted as
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the donor sample and sometimes referred to as a “pigtails.” These numbers provide excellent
tracking of the unit of origin and should be recorded when utilized in this manner.

If serum is used for crossmatching, it should be separated from RBCs as soon as possible
after the specimen has thoroughly clotted. Harvested serum or plasma should be examined for
hemolysis. When present, hemolysis is graded from 1+ to 4+, representing mild to severe,
respectively. Specimens with insufficient intact cells due to hemolysis should be rejected.
Hemolyzed serum or plasma may mask an incompatible hemolytic reaction when hemolysis is
an indicator of incompatibility in the method being used.® If not used immediately, specimens
should be stored at 1-6°C for at least 7 days post transfusion should a transfusion reaction

workup become necessary.®

7.2 Analytical factors Important for Crossmatching in Veterinary Laboratories

7.2.1 Standard Operating Procedures (SOP) should be maintained and accessible to all
laboratory personnel performing crossmatching (see also Section 2, Appendix 1 for further
details on SOPs). Procedures for crossmatch vary with the laboratory and species. While
controversial, crossmatching is recommended for all *2** and dogs likely to have strong
antibodies induced by prior transfusion.*1” Specific SOP recommendations are beyond the
scope of these guidelines. Establishment of crossmatch procedures or adoption of procedures
from another trusted laboratory is recommended when not utilizing commercially available
kits.1®-20 Instructions supplied with commercially available kits should be followed.

7.2.2 Quality control of assays described in this section include major and minor crossmatching.
Autocontrols for the animal patient and donor(s) should be performed to ensure that reagents

(such as the diluent) and the equipment are functioning properly, and that the SOP was not only
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followed, but includes enough detail to insure reliable results. Washing cells by applying a
forceful stream of buffered saline to a small volume of erythrocytes in a glass test tube,
decanting after centrifugation for 1 minute, resuspending and repeating the cycle at least 2 more
times, and reconstituting to a final cell suspension of 4% is recommended.? The autocontrol also
screens for autoagglutination due to immune-mediated hemolytic anemia. Autocontrols should
be handled in parallel with, and identical to, the major and minor crossmatch specimens. For the
animal patient (recipient), the autocontrol consists of separated serum or plasma and a saline
suspension of RBCs from the recipient. When donor whole blood is submitted, the donor
autocontrol consists of donor serum or plasma and a saline suspension of donor washed RBCs.?
False positive results may occur with:
e Strong rouleaux mimicking true microscopic agglutination; saline replacement step
distinguishes rouleaux (dispersed) from agglutination (not dispersed). 22
e |nadequate erythrocyte washing.
False negative results may occur with:
e Excessively dilute or concentrated RBC suspensions.
e Excessive shaking and tapping (tube methods), which may disrupt fragile
agglutinates.

7.2.3 Monitoring and method validation are limited in blood bank procedures at this time.82?
Internal monitoring is more commonly performed as specimen instability may preclude external
monitoring. Not all the method validation procedures listed in section 4 may be applicable to
evaluation of crossmatch methods. Method validation procedures should be selected or modified
as necessary to ensure that new methods and equipment are performing satisfactorily to meet the

laboratory’s requirements and the manufacturer’s specifications.
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7.3 Postanalytical factors Important for Crossmatching in VVeterinary Laboratories include

clear reporting of date and time of specimen collection, species, and identification of the animal
patient and each donor against which a crossmatch was performed. Post-analytical errors include
clerical errors® and are, therefore, a potential reason for transfusion reactions. The report should
clearly indicate whether the crossmatch with each donor was found compatible or incompatible
with the patient. When incompatible, additional comments describing the type and degree of
incompatibility, and emphasizing that unit should not be transfused, should be included. The
report should also include the time/date of completion and any technical issues, such as
suspected false positive or negative results. Unadulterated samples should be retained under
appropriate storage conditions in the event that testing after a suspected transfusion reaction is

requested.

7.4 Conclusions Quality assurance and QC throughout all testing phases are essential to

providing reliable and accurate results. Preanalytical, analytical, and postanalytical
recommendations specifically related to crossmatching are presented here. These and additional
guidelines from the QALS Committee are available at www.asvcp.org under “Publications” and
are revised and updated at regular intervals. It is hoped that these guidelines and related
publications will provide a basis for laboratories to assess their current practices, determine areas

for improvement, and guide continuing professional development and education efforts.
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Checklist for Guideline Section 7, Crossmatching

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation \ Compliant? \ Additional Comment(s) by Auditor
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7.1.1 Identification information on submission O Yes O No
form/orders matches that of sample(s). O N/A
7.1.2 Speumens_from reC|p|er_1t and _donor(s) e | 5 ves O No
clearly labeled with date, species, animal or donor
identification, and donor blood type. L N/A
7.1.3 History of a prior transfusion date(s) is O Yes [ No
provided. O N/A
7.1.4 Sera and plasma samples are examined for
hemolysis upon harvest. Samples hemolyzed O Yes O No
beyond accepted limits for the procedure are OO N/A
rejected and documented.

7.1.5 Whole blood and serum/plasma specimens | LI Yes [1No
are stored at 1-6°C when not in use. O N/A
7.2.1 Crossmatching SOP(s) exist and are readily | L1 Yes [1No
available. O N/A
722 Autocontrols:. a.md steps to manage or O VYes O No
minimize false positive and negative results are

included with the crossmatch. LI N/A
7.3.1 Reports clearly indicate date/time of

specimen collection, species, and identification of | O Yes [ No
the animal patient and each donor against which a O N/A
crossmatch has been performed.

7.3.2 Reports clearly indicate whether each

donor was found compatible or incompatible with | [0 Yes [ No
the patient, type and strength of incompatibility, O N/A
with the date/time of completion.

7.3.3 Sera/plasma and whole blood or packed red | LI Yes [ No
cells are retained for potential follow-up testing. O N/A
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Section 8: Urinalysis

8.1. Urinalysis: Preanalytical

8.1.1. Specimen Collection, Handling and Transport to the Laboratory The submitter
should clearly state the method by which the urine was obtained, such as free flow (early or
midstream), catheterization, cystocentesis, or from the floor or metabolism cage. This
information is important for interpretation of the presence and concentration of potential
contaminants including squamous cells, blood, debris and bacteria. Clear specimen containers
can be used to facilitate gross examination if urine will be examined within 30 minutes.
However, if urinalysis will be delayed, urine must be protected from exposure to ultraviolet light
to prevent degradation of urine constituents (e.g. bilirubin). Lids must be secure to prevent
evaporation and/or volatilization of urine constituents (e.g. ketones). Containers must not be re-
used; any traces of detergent will interfere with chemical analysis. If there is a concern for
urinary tract disease (inflammation, infection, or neoplasia), non-stained, clearly labeled smears
of fresh urine (preferably of the sediment if enough urine is available, otherwise a direct smear)
should be submitted along with the urine sample.

8.1.2. Urine Storage Optimally, urine should be examined within 30 minutes of collection. If
immediate examination is not possible, urine must be stored at refrigerated temperatures (2-
471C) to minimize changes in physical and chemical composition and to inhibit bacterial growth.
Strict recommendations for duration of refrigerated storage cannot be made because this depends
on specific urine components.! Storage for a maximum of 24 hours in the refrigerator is
generally acceptable for the purpose of microbiological examination. Chemical components
tested by the dipstick are also stable up to 24 hours under refrigeration, apart from bilirubin and

glucose, and pH if bacteria are present.>? Sediment elements like leukocytes and erythrocytes are
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stable for a maximum of 4 hours in the refrigerator.3# Stability of casts and crystals depends on
urine pH and concentration. Crystals may form in vitro during storage at either room temperature
or under refrigeration.>® If crystalluria is a clinical concern, freshly collected urine must be
examined immediately. Refrigerated samples must be brought to room temperature prior to
analysis. Because urinalysis results may be affected by storage duration and temperature, the
time of urine collection, the time of arrival in the laboratory, and method of storage should be
recorded. Alternative methods of preservation are available for stabilization of urine chemistry,
inhibition of bacterial growth, and preservation of formed elements.® Manufacturer’s claims must
be followed regarding intended use of particular preservatives and duration of storage. Reference
laboratories should have documented policies for rejection of urine samples that do not
adequately meet transport/storage time requirements, or that do not contain sufficient volume for
urinalysis.

8.1.3. Microbiological Culture recommended for
determining the presence of significant bacteriuria. Urine specimens collected by cystocentesis
are recommended. Cystocentesis samples from animals with a lower urinary tract infection
usually have > 103 colony forming units/mL, although any growth may be clinically significant.
Bacterial counts of > 10% in samples collected from male dogs by sterile catheterization and
counts of > 10° in catheter samples from female dogs are considered significant. Regarding the
latter however, repeat culture from a cystocentesis sample should be performed for confirmation.
Results from free-catch samples are not considered diagnostic and positive results from these
samples must be confirmed on a cystocentesis sample.” A sterile aliquot of urine must be set
aside for possible microbiological culture before the urinalysis procedure. Urine in tubes which

have been opened after collection is no longer sterile. Urine samples placed in sterile serum tubes
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and refrigerated or kept in cool ambient temperatures are acceptable for microbiological culture
for up to 24 hours.® If refrigeration is not available and ambient temperature exceeds 25[1C,

samples in tubes containing boric acid can be used for up to 24 hours.®

8.2 Urinalysis Analytical

8.2.1. Monitoring Equipment, dipsticks, stains and analyzers used for urinalysis must be
handled, maintained and calibrated according to general principles as described in the analytical
sections of these guidelines. A calibration log should be kept for refractometers and maintenance
and performance logs should be kept for automated strip readers and sediment analyzers.

8.2.2. Method Validation Not all of the method validation experiments listed in the general
analytical section (section 4) may be applicable to evaluation of urinalysis. Method validation
experiments should be selected or modified as necessary to ensure that new methods/analyzers
are functioning satisfactorily to meet the laboratory’s requirements and the manufacturer’s
specifications. As dipsticks used in veterinary medicine are generally designed for human use,
validation of novel dipsticks (i.e. where no published validation study exists) for the species of
interest is necessary. Applicable method validation procedures may include, but are not limited
to, comparison of methods, testing for interference (particularly how urine color affects ability to
read strip result visually or by automated methods), reproducibility, inter-observer agreement,
and possibly detection limits.

8.2.3 Instrumentation Instrumentation employed in urinalysis includes refractometers,
automated strip readers and automated sediment analyzers. Automated strip readers and sediment

analyzers must be maintained and operated according to manufacturer’s specifications.
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Applicable function checks and quality control materials should be used to ensure accurate and
stable instrument performance, within quality specifications.
8.2.4 Personnel Knowledge

8.2.4.1 Pre-analytical Personnel should have knowledge of common problems encountered with

veterinary urine specimens that may lead to erroneous results, e.g. artifacts and contaminants
associated with different collection methods, effects of preservatives on test results, urine
specimen incorrectly run on serum settings, and the effects of specimen condition on various
measurands.

8.2.4.2 Species differences Personnel should have knowledge of species variability in urine

appearance (e.g. turbidity in horses, pigmenturia in rabbits), specific gravity ranges and dipstick
findings (e.g. mild bilirubinuria in healthy dogs) and species-specific expected crystalluria.>

8.2.4.3 Analytical Personnel should have knowledge of dipstick methods used in the laboratory

and common interferences for that method.

8.2.4.4 Appropriate uses of retest/confirmatory test criteria Criteria should be established by the

laboratory, clearly communicated to all staff performing the tests, and based on clinical
significance of test values, e.g., crystal identification, protein confirmation by precipitation
and/or spectrophotometric methods and glucose confirmation. When intensely pigmented urine
interferes with the ability to read a dipstick, either tablet methods may be used to determine
results, or results should not be reported if other methods are not available. The results of any
retested/confirmatory testing should be included in the patient report.

8.2.5 Quality Control and Analytical Factors important in Urinalysis. See also analytic
recommendations (section 4). It may not be appropriate for personnel with color vision disorders

to perform color-change dependent tests.
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8.2.5.1 Organoleptic examination The appearance (color, turbidity) and odor of the urine should

be consistent with other urinalysis findings.

8.2.5.2 Urine specific gravity estimation by refractometry Handheld medical refractometers with

temperature compensation should be used.!! Refractometers must be calibrated using distilled
water or commercial quality control material on a regular basis.!! Different refractometers do not
necessarily give equivalent results and the use of a variety of refractometers in one facility, and
overly strict adherence to diagnostic cut-offs should be avoided.!? Alternatively, the same
refractometer should be used for subsequent evaluations of a single patient. The use of feline-
specific refractometers or using a conversion factor for feline urine appears to be associated with
a negative bias and is not necessary.'?

8.2.5.3 Dipstick and other chemical tests Dipsticks should not be used past their expiry date and

should be stored in their original containers with the desiccant and with the lid tightly closed.
Exposure to light and humidity must be minimized to prevent oxidation and color changes taking
place on the dipstick pads. The manufacturer’s guidelines for the dipstick procedure and the
timing of reading off results should be followed to ensure accurate results.

8.2.5.3.1 Dipstick pads not used in animals The following pads are inaccurate and must not be
used:

e Leukocyte pad: This test is not reliable and cannot be used for leukocyte detection in
urine in veterinary species. Both false negatives (especially in dogs) and false positives
(especially in cats) occur. >4

e Specific gravity pad: This pad does not give accurate results for specific gravity and

cannot be used.!1°
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Nitrate pad: False-negative results are common, and this test is not useful for indicating
the presence of bacteriuria.?
Urobilinogen: Used in humans to screen for bile duct obstruction or hemolysis but is not

useful in animals.?

8.2.5.3.2 Dipstick pads used in animals Although the following pads are routinely used, the

following limitations should be noted *:

pH: The pH value obtained with the urine dipstick is an approximation and a pH meter
should be used if a highly accurate result is required, particularly in carnivores and other
species with acidic urine.1®

Protein: False positives may occur with strongly alkaline urine and contamination with
chlorhexidine and some detergents. This test is most sensitive to aloumin and less
sensitive to globulins. As false positive results are common, a positive dipstick reaction
should be confirmed by another method, preferably the urine protein:creatinine ratio.*8°
Glucose: False negative reactions occur in the presence of ascorbic acid and false positive
reactions occur in the presence of some detergents.

Ketones: Ketones are volatile and can only be detected in fresh urine; pigmenturia may
result in a false positive interpretation due to discoloration of the pad. The test only reacts
with acetoacetate, not acetone or beta-hydroxybutyrate.

Bilirubin: False negative results will occur if the urine has been exposed to excessive
ultraviolet light.

Heme: Some detergents will cause a false positive reaction.

8.2.5.3.3 Automated dipstick readers The use of automated strip readers may reduce inter-

operator variability and facilitate rapid transmission of dipstick results to a laboratory
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information system. False positive results for ketones have been reported.'*®> Operators should
familiarize themselves with analyzer functions and performance characteristics and should carry
out a method comparison between manual and automated reading before adoption of the reader
for clinical use. Automated readers should be subject to regular maintenance as well as
calibration and quality control checks as per manufacturer’s instructions. Dipstick results must
be confirmed by manual reading if results of automated reading are not plausible.

8.2.5.3.4 Confirmatory tests These include tablet tests for confirmation of bilirubinuria and
ketonuria. A positive protein reaction on the dipstick should be confirmed with a urine
protein:creatinine ratio, once pre- and post-renal causes of proteinuria have been eliminated.

8.2.5.4 Quality control procedures for dipstick and urine specific gravity Urinalysis control

materials for human urine are commercially available for testing accuracy of dipsticks and
should be considered for both manual and automated dipstick testing. Quality control testing of
each new bottle of dipsticks is recommended; more frequent testing may ensure that any
deterioration of dipsticks of the same bottle is detected.

8.2.5.5 Microscopic examination of sediment: standardization of procedure

8.2.5.5.1 Identification of elements Microscopic sediment examination of veterinary urine
specimens requires training. Texts, charts and posters from reputable sources of formed elements
in urine for a variety of species should be accessible to the analyst. The details of performing this
task and the results to be reported must be outlined or detailed in a laboratory SOP.

8.2.5.5.2 Standardized preparation of the sediment A standard volume of urine is used for
preparing urine sediment (e.g. 5 mL), depending upon the species and the tests requested. Tubes
with a conical bottom are preferred. Tubes should be spun at a relative centrifugal force of 400

for 5 minutes. High centrifugal force and excessive centrifugation time destroys casts and
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cellular elements. The appropriate revolutions per minute (RPM) setting for any centrifuge can
be calculated as

RPM = /(400 + 1.118R) x 1000
where R = radius of centrifuge arm (mm).
Supernatant is removed by decanting or pipetting, so that a constant volume (0.5 mL
recommended) of supernatant remains with the pellet. Cellular elements are then resuspended by
gentle mixing or tapping. A supravital stain may be added to resuspended sediment to facilitate
identification of sediment contents. The stain must be kept clean to prevent bacterial or fungal
growth and changed/filtered regularly to eliminate precipitate which may be confused with
bacteria. A consistent number of drops should be added followed by gentle mixing. Additional
dilution of cellular elements caused by volume of stain should be factored into final results.
Alternatively, a constant sediment volume can be maintained by replacing some of the
supernatant volume with stain. A pipette is used to transfer one or two drops of unstained or
stained sediment to a glass slide, depending upon the coverslip dimensions. It is important that
the sediment volume, the number of drops of sediment and the coverslip size used are constant
within a laboratory. A sediment volume of 20 pL is recommended for a 20x20 mm coverslip.
Alternative methods of standardization of urine sediment are available (e.g., volumetric counting
grids), but are not frequently used in veterinary medicine. Adoption of any new methodology
should be preceded by method validation studies.

8.2.5.6 Microscopic examination of sediment: enumeration of elements The urine sediment SOP

should clearly describe procedures for examining, identifying, quantifying, and reporting
sediment contents and must be closely followed to ensure consistency in results for all personnel.

The microscope condenser must be lowered when examining unstained sediment. The entire area
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under the coverslip should be examined at low magnification (x100 or low power field) followed
by high-dry magnification (x400 or high-power field). Several formats have been used for
reporting grades and amounts of the formed elements. Absolute numbers of elements per field
are preferred. The low and high amounts of each element observed in 10 fields (i.e. the range), or
the average, are reported. Alternatively, a 0 to 3+, or 0 to 4+, grading system may be used, if
clear criteria are outlined in the standard operating procedure. This information also should be
provided to clinicians or customers. Low power field (LPF) is used for enumeration of casts.
Casts are reported by type and number per LPF. LPF also can be used for general assessment of
the distribution of crystals, epithelial cells and background contents (mucus, sperm, fat, yeast,
etc.). High power field (HPF) is used for reporting numbers of erythrocytes, leukocytes, and
possibly crystals, epithelial cells, and bacteria.

8.2.5.7 Microscopic examination of sediment: stained air-dried smears or cytocentrifuged

preparations The examination of a stained sediment smear or cytocentrifuged preparation is
indicated when pyuria and/or bacteriuria are detected on a wet-mount, or when there is clinical
suspicion of a urinary tract infection, even if the sediment is clear. The use of stained sediment
smears has a higher specificity and sensitivity for the detection of bacteriuria than the wet-
mount.?’ Stained smears or cytocentrifuged preparations are also indicated for cytological
characterization of inflammation and atypical cell populations. Evaluation of possible neoplasia
should be referred to an experienced clinical pathologist. Stained smears are made by placing a
drop of urine sediment onto a glass slide, and quickly and gently smearing the drop out using a
wedge, pull or coverslip technique. After air- drying, the slide is stained with a Romanowsky

stain (methanolic or aqueous).
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8.2.5.8 Automated sediment analysis Automated urine sediment analysis of human urine

samples has greater precision than manual analysis, but some elements may be missed or
misclassified.* Automated urine sediment analyzers have become available for the veterinary
market which demonstrate better precision than manual sediment analysis for canine and feline
urine samples.?! Diagnostic accuracy varies depending on the type of formed elements present,
however, and further improvement and evaluation of this technology is needed before automated
sediment analysis can replace manual microscopy methods.?* As with all novel analytical
methods, performance characteristics including accuracy, precision, reportable range/linearity

and the effect of interferences, should be determined to be acceptable prior to clinical use.
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Checklist for Guideline Section 8, Urinalysis

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The

numbers in the first column correspond to the section numbers in the guideline.
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The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? Additional Comment(s) by Auditor
8.1.1 Sample collecthn, storage an.d OYes O No
transport recommendations are readily
available to offsite clients. LIN/A
8.1.1 Clients are advised to clearly mark
the urine collection method in the O Yes INo
designated section of the laboratory 0 N/A
submission form.
8.1.1 Urine is collected into new, clean O Yes [ No
containers and promptly covered securely. O N/A
8.1.1, 8.1.2 Urine samples that will be
analyzed >30 min. after collection are O Yes [ No
placed in the refrigerator and protected 1 N/A
from UV light.
8.1.1 A direct or sediment smear is made
frqm fresh url.ne a_nd submltteq with .the O VYes O No
urine sample if urinary tract disease is
suspected. The smear is specified as direct L N/A
or concentrated.
5_3.1.2 _U_rlne samples for whlch crystglll_Jrla O Yes [ No
is a clinical concern are examined within
30 minutes of collection. D N/A
8.1.2 Refrigerated urine samples are O VYes O No
brought to room temperature before
analysis. L N/A
8.1._2 Sedlmeqt examination of O VYes O No
refrigerated urine samples takes place
within 4 hours of sampling. D N/A
8._1.2 Dipstick exammatlon_of_refrlgerated O VYes O No
urine samples takes place within 24 hours
of sampling. L N/A
8.1.3 Urine samples intended for culture
are aliquoted before any other urinalysis O Yes [ No
procedures take place and are stored in the O N/A

refrigerator or at cool ambient
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temperatures in plain or serum tubes for a
maximum of 24 hours.

8.1.3 Urine samples intended for
microbiology which cannot be refrigerated

. U Yes [ No
or stored at cool ambient temperatures are
placed into boric acid tubes and analyzed L N/A
within 24 hours.
8.2.1,8.2.3, 8.2.5 Manufacturers’
instructions are followed for all equipment.
Calibration, maintenance and performance | [ Yes L[INo
logs are kept (to include refractometer, 0 N/A
stainers, centrifuges, dipstick readers,
sediment analyzers, and microscopes).
8.2.2,8.2.3,8.2.5 Method validation and
routine QC are performed on instruments
used in urinalysis. Laboratory personnel O Yes [ No
are knowledgeable regarding the operation, 1 N/A
principle of measurement, and the potential
errors associated with these measurements.
8.2.4.1 Laboratory pers_onnel have OYes O No
knowledge of preanalytical aspects of
urinalysis. LN/A
8.2.4.2 Laboratory personnel are aware of
species differences and normal findings for | L1 Yes [ No
urine appearance, specific gravity, dipstick, | O N/A
and sediment findings.
8.2.4.3 Laboratory personnel have
knowledge of the different analytical 0 Yes O No
methodologies employed in urinalysis and | (7 N/A
common analytical errors for the methods.
8.2.4.4 Laboratory personnel understand
when to repeat urinalysis tests or when use | L1 Yes [1No
a confirmatory method, as detailed in an 0 N/A
SOP.
8.2.5.1 An organoleptic (gross) urine
evaluation, consisting of a description of O Yes [ No
odor, color, and turbidity, should be 1 N/A

performed at the start of urinalysis.
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8.2.5.2 Refractometers are calibrated O Yes O No
regularly with distilled water. 0 N/A
8.2.5.3 Dipsticks are within expiry date
and are kept in their original containers O Yes O No
with the desiccant and with the lid firmly 0 N/A
sealed.

8253 Resu_lts fr(_)m the Ieukocy’Fe_, OYes O No
specific gravity, nitrate, and urobilinogen
dipstick pads are not reported. D N/A
8.2.5.3 Positive reac_tlons for protein are OYes O No
followed by a UP:C if pre- and post-renal
causes of proteinuria have been eliminated. L N/A
8.2.5.5, 8.2.5.6 Urine sediment is
consistently evaluated using standardized OO Yes [ No
methods for preparation, staining, and O N/A
enumeration of elements.
8.2.5.7 A stained, air-dried sample is
exgmmed if t.here |_s a clinical SUS.pICIOI:I of O VYes O No
urinary tract infection or neoplasia, or if

O N/A

pyuria, bacteriuria, or atypical cells are
seen in the sediment.
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Section 9: Cytology, Fluid Analysis, and Immunocytochemistry (ICC)

9.1 Preanalytical factors for Cytology and Immunocytochemistry

9.1.1 Specimen Collection, Handling and Transport to the Laboratory Client education
regarding if/when cytology is the appropriate diagnostic choice, coupled with appropriate
collection of cytologic specimens, will increase the likelihood of a meaningful interpretation. Per
section 3.1.2 (general preanalytical factors), information regarding best practices for cytologic
submissions should be provided to the client. Instructions should address issues such as
collection techniques, smear preparation, appropriate containers (with or without anticoagulants)
(the reader is referred to veterinary cytology texts for more information)™2 and specimen
fixation, if pertinent. For space-occupying superficial lesions, fine needle aspiration/coring is
typically of higher diagnostic yield and more representative than samples obtained via surface
impression. Gentle horizontal smearing technique usually produces higher quality samples than
those obtained via vertical pull-apart (i.e. “sandwich”) or needle drag technique. The latter two
methods, or lack of any smearing (simple air drying of droplet-form deposited biologic material),
usually results in cellular piling/artifactual aggregation, clotting, and lysis, inhibiting the ability
to appreciate cell size/shape and full cytoplasmic and nuclear details [Figure 1].
Ultrasound/lubricant gel is microscopically opaque and when present in more than very small
quantities, obscures cytologic details and can compete for stain uptake. Thus, the amount of this
material intermixed in the cytology sample (e.g. ultrasound-guided aspirates, urothelial/prostatic
catheterization, nasal swabbing, lubricated endotracheal tubes, etc.) should be minimized by
wiping the skin/lesion surface or collection instrument tip before insertion. For ultrasound guided

aspirates (underlying non-lesional skin), the needle should be entered adjacent to gel, or alcohol
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may be used as the sole conducting medium. Other practical considerations for preparation of
dry-slide cytology samples include avoidance of the following:

e coverslips or tape

labels that extend beyond/wrap around slide margins

e deposition of biologic material only at slide edges or on both sides of the glass

e use of ink markings on the slide, excepting independent of the dedicated frosted edge
area or a circular outline of a cytospin deposition area if a specialized cytocentrifugation
slide with a pre-made marking is not available)

e exposure to formalin/formalin fumes (to include proximity to sealed jars of formalin),

which interfere with adequate staining and evaluation

Use of separate shipping boxes for cytology and histopathology samples is preferable, as
even separate plastic bags around formalin jars and cytology slide cases within the same shipping
box can result in formalin contamination. For lesions that contain both fluid and solid portions,
smears from latter should be included in the submission, as fluid can be prone to low
cellularity/poor representative quality, as well as degeneration in transit (see 9.1.1.1 below for
discussion of making pre-prepared slides from fluid). If a fluid-containing lesion completely
decompresses upon fluid aspiration, this should be indicated in the gross lesion description on
the accession form.

Cytology slides are not to be refrigerated due to the disruptive effect of condensation, and
care should be taken in packing and transport to minimize sample exposure to fluctuations in
temperature and humidity. The laboratory should have a policy of clearly defined rejection

criteria for samples that do not adequately meet preanalytical requirements.
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9.1.1.1 Fluid samples During sampling, if the fluid is pale and then turns red, iatrogenic blood

contamination is likely. Conversely, if the sample is red throughout collection, a hemorrhagic
fluid should be suspected (in-house PCV measurement of the fluid may be helpful to compare
with reported RBC). Because fluid specimens may be affected by in-transit cellular degeneration
and other post-collection artifacts such as macrophage phagocytosis, 1-2 direct smears (before
any concentration or fixation procedures are performed) should be made in-clinic, excepting
cerebrospinal fluid (which is best prepared by cytocentrifugation techniques at the collection
facility or laboratory). Freshly prepared slides preserve a portion of the sample for estimation of
the cell count and proportions of various cell types. Attention should be paid to creation of a
feathered edge (fluid not running off edge of the slide) without excessive lysis. A pre-prepared
smear(s) can be stained or left unstained (if there is more than one slide, it is ideal to leave at
least one unstained) and should be submitted with the fresh fluid sample. All pre-
prepared/submitted slides made from fluid samples (e.g. urine, joint fluid, cavitary effusions,
fluid-containing masses), whether submitted with fluid tubes or for cytologic analysis only,
should be clearly labeled as direct or concentrated. Cavity fluid placed in a dry anticoagulant or
EDTA is preferred for cell preservation and prevention of clotting and is also acceptable for
many biochemical tests (liquid EDTA may affect cell counts and protein measurements). Plain-
top or heparin-containing tubes may allow for additional testing but do not preserve cell
morphology.

Direct smears may provide information useful for cytologic interpretation and may be of
superior quality to concentrated preparations, e.g. if smears from a concentrated preparation are
excessively thick due to viscous background and/or very high cellularity (the laboratory may

decide whether to only prepare direct smears if cellularity is very high and therefore further
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concentration is deemed unnecessary/inappropriate for analysis). Direct smears also provide
additional quality control by allowing corroboration of automated cell counts or a categorical
(non-quantitative) estimated cell count if sample size is insufficient for slide preparation and
automated analysis. For patients with a cavitary effusion and an intra-cavitary mass, concurrent
cytologic analysis of the solid lesion is recommended as technically feasible, as the fluid sample
may not be representative of a primary pathology.

9.1.1.2 Immunocytochemistry (ICC): Specimen collection, handling, and transport to the

laboratory The preparation and interpretation of a good quality immunocytochemistry sample
requires a good quality corresponding Romanowsky-stained cytology sample. Specific details for
ICC sample handling and preparation are dependent on the method of staining used in the
laboratory. In most cases, air-dried slides and cells in transport media containing saline with 5-
10% fetal bovine serum or 10% patient serum are most recommended. Cell blocks are a good
choice when cells are numerous and can be prepared with immunohistochemistry methods. This
preparation technique is especially useful for detection of nuclear antigens.>® Unstained slides
can be fixed in neutral buffered formalin or cold paraformaldehyde, protocol-dependent
(formalin can alter external epitopes and impair labeling for certain markers, necessitating use of
antigen retrieval methods). Romanowsky-stained slides may be used if the laboratory performing
the test utilizes antigen retrieval methods. Previous staining may complicate fluorescent labeling.
Before fixing cells, contact the laboratory to determine the best preservative to use for the
antigen of interest. Samples should be transported to the laboratory by a method which will
protect against freezing and overheating. Samples should be sent overnight in protective
packaging, with a cold pack for fluids (cold packs should be kept out of direct contact with slides

to prevent condensation or freezing artifact on slides). Acetone permeabilizes cell membranes
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and inhibits bacterial growth and is a reasonable transport medium only for those samples that

will be processed to completion within 24 hours, due to rapid cell lysis in this medium. Air-

dried, unfixed test slides can be stored at 2-8°C for up to two weeks without detriment before

immunostaining if stored in a plastic slide box, then placed within a Ziploc® plastic bag with %

cup of desiccant. After removal from the refrigerator, the bag should rise to room temperature for

30 minutes before opening to prevent condensation.®

9.1.2 Specimen Identification Glass cytology slides should be directly labeled in pencil or

solvent resistant ink with site source and a unique patient identifier (often patient name, owner

last name, or client number). This is critical for multi-site submissions to prevent insufficient or

mismatched labeling of sites when slides are removed from (solely) labeled containers during

accessioning. Labeling containers also hampers their recycling. Cytology accession forms should

contain all the information listed in section 3.4, including:

e anatomic site sources(s), with clearly separated line items (demarcated by letter or number)
for multi-site submissions

e gross description(s)/imaging findings (superficial/internal lesions, respectively)

e exact collection method (e.g. FNA with syringe, needle-only coring/‘woodpecker’ technique,

direct impression, swab, scrape, flush/wash fluid, tissue imprint/roll)

If this information is not provided, a disclaimer should be placed in the report advising its
cautious evaluation in the absence of critical background information, with recommendation for
inclusion of these data in future submissions. Use of computerized accession forms requiring
data entry to execute a cytology submission is ideal. Use of bone or joint anatomic landmark
descriptors (such as jaw/mandibular, scapular, tibial, stifle, carpal, etc.) should be avoided when

describing the location of strictly superficial soft tissue lesions unless clearly modified (e.g.
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“4cm subcutaneous mass, freely movable, overlying the left lateral tibial area” is acceptable, vs.
“carpal swelling” or “nodular left scapular mass”, which are incomplete/confusing site sources).
Appreciating that this can be challenging for sizable lesions, care should be taken to describe the
anatomically correct orientation/location (e.g. dermal vs. subcutaneous; rectal vs. perianal skin),

as this information can have a direct impact on proper interpretation.’

9.2 Analytical Factors Important for Cytology The veterinary cytopathologist should be

knowledgeable about how different collection methods, delayed preparation, and improper
handling of cytology specimens may affect expected cytologic features and interpretation.
9.2.1 Monitoring Equipment and reagents used for preparation and analysis of cytologic
specimens (e.g., automated stainers, manual quick stains, (cyto)centrifuges, cell counters,
biochemistry instruments for fluids, refractometers, and microscopes) should be maintained (to
include regular calibration for measurement instruments) in a manner consistent with standard of
laboratory practice as detailed in the section 4. Maintenance and performance logs are
recommended for each instrument and should include information about any problems
encountered as well as the subsequent corrective actions.

9.2.2 Method Validation See general analytical recommendations (section 4). Not all the
method validation experiments listed in section 4 may be applicable to evaluation of cytologic
methods. Method validation experiments should be selected or modified as necessary to ensure
that new methods/analyzers are functioning satisfactorily to meet the laboratory’s requirements
for quality and workload, and to verify the manufacturer’s performance claims (if available).
9.2.3 Instrumentation and Reagents Analyzers that perform cell counts and measure various

substances (e.g., (micro)protein, glucose, creatinine, bilirubin, lipase, and triglycerides) in fluid
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specimens should provide test results within the laboratory’s stated performance goals as further
defined in section 4. The manufacturer’s instructions should be followed for operating and
maintaining automated stainers as well as for storage of all stains/reagents (e.g. Wright, aqueous
Romanowsky, new methylene blue, Prussian blue). Stains should be stored in non-reactive
containers in appropriate conditions and labeled with the name, date received, date prepared or
opened, expiration date, and name or initials of person who prepared or opened the stain.

9.2.4 Laboratory Personnel Requirements

9.2.4.1 Laboratory technical personnel These persons should be proficient at examining samples

grossly (e.g., fluid color, clarity, and viscosity according to proscribed categories delineated in an
SOP; color blind persons should be exempt from these examinations) and at performing all
relevant tests (routine and special, e.g., mucin clot test for joint fluid). Laboratory personnel
should have knowledge of common problems encountered in sample preparation and be able to
troubleshoot procedures for problem resolution. The cytopathologist should review technical
aspects of sample handling and processing with laboratory personnel and provide guidance as
needed.

9.2.4.1.1 Personnel Requirements for Immunocytochemistry Immunocytochemical staining is a
specialized test for antigen detection performed in a histology or clinical pathology laboratory. If
applied properly, the technique increases diagnostic accuracy. Personnel performing
immunocytochemical staining procedures should do so frequently and be familiar with all
control tissues and procedures. Veterinary clinical pathologists who interpret the slides should
have at least one corresponding Romanowsky stained slide(s) available and should be familiar

with the expected staining appearance of controls and tissues for the stains offered by laboratory.
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9.2.5 Cytologic Interpretation The interpreting individual (preferably a person certified in
reading cytologic specimens or in an associated training program) should have documented
cytopathology training and have knowledge of the cytologic findings from the species and
specimen types expected to be assessed by the laboratory. Consultation with other clinical
pathologists that have experience with exotic species is recommended for interpretation of
cytologic specimens from species that may be rarely encountered. The method of protein
measurement from fluid samples (e.g. refractometry, biuret, dye-binding, etc.) must be taken into
consideration for interpretation, as there are differences in the effects of interferences and
linearity at low/high values.®** Similarly, interpretation of nucleated cell and RBC counts should
take method (automated vs. hemocytometer) and potential interferences (e.g. proteinaceous,
flocculent material erroneously counted as intact cells) into consideration.
Cytology reports should be thorough, clear/unambiguous (see 9.2.5.1 below), and
concise, with sections for:
e labID
e lab accession number
e requesting clinician/contact
e patient ID
e date of report [ideally date of collection and date of specimen receipt into the lab are also
logged systemically if not included in the report; having all three dates will help monitor
issues of sample degradation and also turnaround time]
e site source and sample type (FNA, brushing, lavage fluid, etc.)
e microscopic description

e microscopic interpretation
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e appropriate interpretive comments

e cytopathologist signature/contacts

A short, relevant history with gross or imaging findings (e.g. “acute vomiting; irregular
hepatomegaly without a definable mass lesion™) is beneficial for interpretation and for
documenting the information that was available to the clinical pathologist at the time of
evaluation and interpretation. Additional history or other findings that could change the
interpretation may become available later and can be addressed in a further comment or
addendum on the report (please see 9.4.1, below). The cytopathologist should be able to
communicate with clients concerning important pre-analytical, analytical, and post-analytical
factors important for cytologic sampling and interpretation. These may include, but are not
limited to, information regarding:

e whether cytology is an appropriate test for the sign(s)/lesion(s)/suspected disease process

e specimen adequacy/suggested modifications of techniques for collection/processing for

specimen quality improvement

e diagnosis/differential diagnoses

e recommendations for monitoring/resampling

e discussion of potential additional non-cytologic testing that may add diagnostic value (to

include further biochemical testing on fluid samples)

indication for consultation(s) with a clinical specialist(s)

If a cytologic specimen is inadequate for evaluation, it is helpful to list the major obstacle(s) to

interpretation, e.g. low cell number, cellular lysis, hemodilution/thick preparation obscuring

Page 168 of 233



ASVCP QALS Guideline Version 3.0 (2019)

cellular detail, necrosis, suspicion of non-representative sample (such as impression smear of an
ulcerated lesion with heavy inflammation/squamous debris), lubricant gel.

9.2.5.1 Grammar and use of probability modifiers Correct grammar is essential to clinical

interpretation accuracy, and therefore written cytology reports should be reviewed prior to
release for correctness of spelling, punctuation, lack of run-on sentences or fragments, noun-verb
agreement, any other errors of dictation software transcription, etc. Because cytology frequently
cannot provide a definitive diagnosis and because language is inherently subjective,
communicating diagnostic probabilities consistently and unambiguously is critical to
users/veterinary practitioners making further diagnostic, therapeutic, and euthanasia decisions
(an example from human medicine uses this rubric for cancer screening interpretation: benign,
atypical, suspicious, malignant, or unsatisfactory specimen)*®. Veterinary and human studies
have shown that clinicians vary significantly in their interpretation of the implied probability
associated with terms used in pathology reports to describe the degree of uncertainty in a
diagnosis.'®?° Also, use of similar modifiers such as “consistent with” and “probable” can result
in markedly different actions.'® Thus, the cytopathologist should try to minimize the inherent
uncertainty and variability in report interpretation by limiting the number of, and clearly
defining, probability modifiers to the best of his/her ability by explaining (in comments) the
case/cytologic information that led to the particular choice of modifier or phrasing (as well as
providing recommendations for appropriate further testing likely to result in
diagnostic/prognostic refinement). Assigning a numeric probability range is another option,
though these should be recognized by the reporting cytopathologist and clinician/user as also

inherently subjective.6:18
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9.2.5.2 Verbal reporting This method of reporting is acceptable under certain exigent

circumstances e.g. a critically-ill patient, an anesthetized patient, dysfunction in computer
reporting system, etc.. Individuals who may give and receive these reports should be agreed upon
by the lab and user, with dual confirmation of patient ID and cytologic interpretation.
Opportunity should be provided for the report recipient to ask questions. Any verbal reporting
should be followed with a written report in a timely manner, and the exchange should be
documented in the LIS if the software has this capability (e.g. “case notes” section).

9.2.6 Quality Control (see also section 4, General Analytical Factors) Cytopathologists are
critical to quality control, as they see most or all the laboratory’s cytologic samples/preparations
and depend upon the reliability thereof for interpretations and recommendations. Supervision and
review of handling and preparation of specimens are the purview of the cytopathologist.
Therefore, the working relationship between clients, laboratory staff, and cytopathologists is
critical. Quality control should be appropriate for the types of specimens, stains, and procedures
included as part of cytology preparation and analysis. These may vary with each laboratory, type
of cytologic preparations, and preferences of the cytopathologist. Equipment utilized for
determining total nucleated cell counts should be monitored as for hematologic analysis (see
section 5, Hematology). Total nucleated cell counts from an automated analyzer or manual
method (hemocytometer) should be compared with the cellular density on any available direct
smear(s). Pathologist participation in available internal and/or external quality assurance
programs with blind cytology cases is recommended (for more information, please refer to the

ASVCP guideline: External quality assessment and comparative testing for reference and in-

clinic laboratories).
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9.3 Analytical factors for Immunocytochemistry

9.3.1 Staining method

9.3.1.1 Staining Quality All immunocytochemically stained slides sent to the cytopathologist,

including patient slides and all control slides, should be examined for consistency and
appropriate staining prior to release of the interpretation.

9.3.1.2 Method Validation Prior to offering a new immunocytochemical stain, the procedure

should be tested and optimized until controls stain appropriately without excessive background
staining and until consistent results are achieved with replication. Results should be compared
with those achieved using other kits or methods for detecting the same antigen(s). Optimal
primary antibody dilution, best fixation and antigen retrieval methods, and optimal incubation
time must be determined separately within each laboratory performing ICC. Positive controls
should contain both positive and negative areas. Negative patient controls in which the primary
antibody is replaced with serum from the same species or an unrelated antibody must be
negative.?? Validation of existing antibodies in a new species can be performed by simultaneous
staining of analogous tissue specimens from a species with known positive reactivity, correlation
with other methods such as flow cytometry, histology/immunohistochemistry, and follow up
clinical information.? Use of all these together is best, but the techniques can be used in some
combinations, depending on availability, species, and stage of validation.

9.3.2 Instrumentation and Reagents

9.3.2.1 Automated stainers The manufacturer’s instructions should be followed for operating

and maintaining automated stainers.

9.3.2.2 Reagents Manufacturer’s recommendations should be followed for storage of all

reagents, and reagents should be stored in non-reactive containers. All reagents and antibodies
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must be labeled with the name of the reagent or antibody, date received, date prepared or opened,
expiration date, and name or initials of person who prepared or opened the reagent, as should be
required for all reagents used in a histology or clinical pathology laboratory.

9.3.2.3 Controls Preparation and storage of control slides should follow standard practices with

the histology or clinical pathology laboratory. Control slides for immunocytochemistry should be
cytology slides and not formalin fixed tissues. Sample age and fixation technique can cause
significant difference in labeling intensity of some antigens, which may make aged samples or
formalin-fixed tissue inappropriate for use as a control in all immunocytochemistry settings. The
control tissue used with each staining procedure should be shown to accurately reflect the
behavior of the primary antibody in an ICC setting. In most cases, similarly handled cytologic
samples which contain the target of interest will provide adequate controls. Of note, cells within
the test sample with known identity and therefore, expected positive labeling, may be available
for use as a second ‘internal’ positive control. Examples of this could include morphologically
classic stromal tissue for vimentin labeling, or small lymphocytes and plasma cells (when they
are not the population of concern) for CD3/21/79a and MUM-1 labeling, respectively. ICC
controls fixed in acetone will lose antigenicity after several months, whereas formalin fixed
controls retain antigenicity indefinitely.32* Control or test slides stored in the freezer should be
placed in a plastic container and then in a Ziploc® bag containing desiccant.

9.3.3 Quality Assurance/Quality Control and Procedures Manual Follow general
recommendations for quality control as detailed in the standard operating procedures (SOPs) for
the laboratory, including for the automated stainer, if applicable. Immunocytochemical
procedures should, at minimum, follow the recommendations of reagent and equipment

manufacturers. Use of specific ICC SOPs by the laboratory is recommended.
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9.3.3.1 Biannual internal quality assurance/quality control Each laboratory should have a quality

system in place to ensure the quality of results. Randomly chosen cases may be used for
evaluation by a second pathologist in the laboratory for completeness and accuracy of
immunocytochemical interpretation (internal audit). Selection based on other factors, such as
classic or unusual cases, those for which problems have been previously encountered, or those
identified by client complaints or lack of clinical correlation, may provide more useful
information after a systematic review that a quality audit entails. External QA/QC for
immunocytochemistry would be ideal but is not available through most commercial external
quality assurance (EQA) providers. Case rounds to include discussion among several
experienced pathologists, with or without follow-up via histopathology is also ideal for all
cytology and ICC.

9.3.3.2 Qutsourced procedures If an external laboratory is performing the desired

immunocytochemical reaction, interpretation, and reporting, the following should be provided:
the original Romanowsky-stained slide(s), the initial cytology report, and sufficient biologic
material on unstained cytologic slides (for example, direct and cytocentrifuged preparations
should be prepared thin enough, and with sufficient numbers of cells, that would be appropriate
for a routine cytologic evaluation—at least 1,000 non-hyper aggregated cells is a good
benchmark. Evenly distributed cytocentrifuged preparations with a minimum of 250 cells/pL and
a maximum of 500 cells/pL is another benchmark, with care as to the effect of the total amount
of fluid loaded into a cytocentrifuge chamber upon overall smear density/appearance). The
submitting laboratory should ensure that the contracted laboratory is compliant with
recommendations in this document, and the testing laboratory name should be clearly identified

on the report released to the client (please also see section 12, general post-analytical).
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9.3.3.3 External quality assessment Interpretation of ICC reactivity may be compared against

immunohistochemistry of similar tissues if the antibody clone is the same and has been validated
for performance in paraffin-embedded tissues. Similarly, flow cytometry may be used for

comparison of results to ICC.

9.4 Postanalytical Factors Important for Cytology

9.4.1 Report Addenda Criteria for amending reports should be established (typically due to
additional historical/site source or ancillary testing information provided. It is important to note
that additional information provided by the submitting clinician might or might not alter the
original cytologic interpretation/comments. Addendums should be clearly identified as such
(attached at the beginning or end of the original report, which should remain unaltered/part of the
permanent medical record), with date/time stamp (this can be incorporated into software), should
list the stated reason for the addition, and should be issued and signed by the author (ideally but
not necessarily the same author of the original report). Amended reports should be archived.
9.4.2 Second Opinion Appropriate avenues should exist for a second opinion and additional
review or consultation with a cytopathologist, if needed or requested by either the client or the
cytopathologist. As required by the situation, second opinions may take the form of another
formal report solely performed by another pathologist, or in the comments section of a first
report (e.g. “another pathologist has been consulted on this case and agrees with the
interpretation”) when the cytopathologist has consulted internally with colleagues during initial
analysis.

9.4.3 Follow-up Attempts to ascertain diagnostic accuracy of cytologic interpretations should be

pursued, with the understanding that the cytologic specimen may or may not be representative of

Page 174 of 233



ASVCP QALS Guideline Version 3.0 (2019)

the entire disease process. These may include but are not limited to: peer review of selected
cytologic specimens by another cytopathologist to determine if there are features that have been
overlooked, over-interpreted, or under-interpreted; correlation of findings with histologic or
additional cytologic specimens, to include possible immunostaining; correlation with other
diagnostic modalities, e.g., imaging, microbial culture, serology, PCR, flow cytometry, etc.;
and/or, follow-up clinical information (i.e. knowledge of the “post-post analytical phase”, when
test results are interpreted into the clinical context for diagnostic/treatment considerations and
further follow-up).2® The cytopathologist should be knowledgeable regarding ancillary

procedures.
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Section 9, Figure 1. Gross Images of Cytologic Preparations. The first four smears are likely
to result in lower cellular preservation/readability due to lack of gentle horizontal smearing. The
fifth smear is less likely to be diagnostic due to the very small amount of biologic material on the
slide (pale purple material located centrally; the remainder of the magenta coloration on this slide
is scant stain residue). The final smear is more likely to be of good diagnostic quality due to both

the generous quantity of biologic material and gentle smearing technique.
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Resources:

https://www.cytopathology.org/wp-content/dynamic_uploads/54.pdf Human non-gynecological

cytology practice guideline, American Society of Cytopathology

http://webapps.cap.org/apps/docs/laboratory accreditation/checklists/cytopathology sep07.pdf

Human cytopathology checklist for laboratory accreditation, College of American Pathologists
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https://www.archivesofpathology.org/doi/pdf/10.1043/1543-2165-133.11.1743 Guidelines for

reporting of human non-gynecologic cytopathology specimens, CAP laboratory improvement

program (Reference no.15).

https://clsi.org/standards/products/general-laboratory/documents/gp23/ Link for purchase

(membership not required for purchase) of the human Clinical & Laboratory Standards Institute

(CLSI) standard document GP23-A2: “Nongynecological Cytology Specimens: Preexamnation,

Examination, and Postexamination Processes” (2" ed.).

Checklist for Guideline Section 9, Cytology, Fluid Analysis, and Immunocytochemistry

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

ThpeXiAimipgao (Hsteaboerganylwiith appdiqsibleatiendhdhetdddinkyzd eomhogrtidox.items not

Guideline Recommendation Compliant? | Additional Comment(s) by Auditor

9.1.1,9.1.1.2 Cytology submission guidelines are
provided to offsite laboratory clients (i.e. not
pertaining to private practice in-clinic labs), to O Yes [ No
include optimal sample and fixation O N/A
technique/transport media for
immunocytochemistry (ICC).
9.1.1 Submission recommendations include
minimizing ultrasound/lubricant gel on skin, O Yes O No
lesion surface, and/or on/in the collection 0 N/A
instrument.
9.1.1,9.1.1.2 Submission recommendations
include packaging/transport of slides ina manner | O Yes [INo
that minimizes temperature and humidity 0 N/A
fluctuations.
9.11 Submissio_n recommendati_ons include O VYes O No
adequate protection from formalin fumes

O N/A

(shipping cytol./histol. samples in completely
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separate packages/mailings and not in different
plastic bags within the same box).

9.1.1.1 Submission recommendations include
providing 1-2 direct smears with any fluid tubes
(excepting CSF), labeled as direct on the slide(s).

O Yes O No
O N/A

9.1.2 Submission recommendations include
directly labeling glass slides with patient 1D and
site source (avoiding labeled containers with
unlabeled slides).

O Yes O No
O N/A

9.1.2 (see also 3.4, 3,5) Clients are advised re

possible sample rejection if cytology accession

form is not legible or does not contain the

following:

e Unambiguous/anatomically correct site source

e Gross description/imaging findings

e Method of collection (e.g. needle v. direct
impression v. swab)

O Yes O No
O N/A

9.2.1,9.2.3, 9.2.6 Manufacturers’ instructions are
followed for all equipment, and instrument
performance and maintenance logs are kept (to
include stain, stainers, centrifuges,
hemocytometers, and microscopes).

O Yes O No
O N/A

9.2.2,9.2.3 Method validation and routine QC
are performed on instruments measuring
biochemical analytes in fluid samples. Laboratory
personnel are knowledgeable regarding the
operation, principle of measurement, and the
potential errors associated with these
measurements.

O Yes O No
O N/A

9.2.4 Laboratory personnel are trained to
applicable portions of fluid analysis such as gross
interpretation, cell count generation, protein
measurement, slide preparation, and/or staining.
Lab personnel make direct smears from fluid with
an intact feathered edge.

O Yes [ No
O N/A

9.2.5 Cytology reports are clear and concise,
with an explanation of any modifiers regarding
interpretive probability, and with comments
regarding any recommended course(s) of action
as applicable.

O Yes [ No
O N/A
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9.2.6 The laboratory participates in internal and | O Yes [ No
external QA programs with blind cytology cases. O N/A
9._3 Immu_nocytochem|§try stains are verified O VYes O No
with positive and negative controls and are
verified for repeatability. L N/A
9.3.2 Immunocytochemlstry r‘eagents, antibodies, OYes O No
and strainers are maintained via manufacturers’
instructions. LN/A
9.3.3 Internal and external audits for
immunocytochemistry include comparison of
methods/kits for the same antlgefn, review of O VYes O No
select cases by several pathologists, and
comparison of ICC results with L N/A
immunohistochemistry, flow cytometry, and/or
EQA programs as available.

9.4 Asecond oplnlon optlon_ls available as O VYes O No
deemed appropriate by the client or by the /
pathologist. LI N/A
9.4 Cytopathgloglst pursues case follow up (e.g. O VYes O No
any ordered histopathology, flow cytometry, O NA

PCR, as well as case outcome).
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Section 10: Endocrinology/Immunoassays

10.1 Preanalytical Factors Important for Endocrinology

10.1.1 General considerations

All the considerations listed in section 3 of these guidelines (general preanalytical factors
important in veterinary clinical pathology) apply to endocrinology. However, because of the
particular biological/chemical nature of hormones, a single direct measurement is often not
enough to properly assess function/dysfunction of an endocrine axis, and dynamic testing and
correlation with other tests and clinical signs are often required. Preanalytical factors could be
classified as in vivo/physiological or in vitro/non-physiological causes.

10.1.2 In vivo preanalytical factors Because biological variation, preexisting medical
conditions, or treatments can easily influence both the hypothalamic-pituitary-dependent and
independent systems, in vivo factors are particularly important to consider for endocrinology
testing.

10.1.2.1 Physiologic Hormone Fluctuations Hormones have specific patterns of secretion due to

cyclical variations (circadian 24h, infradian <24h, and ultradian >24h) and external conditions.
Endocrine gland secretion is subject to precise, intricate control, and its effects are continuously
integrated with those of the nervous and immune systems.*

Unfortunately, clinical signs of an endocrinopathy do not always proportionally correlate
with abnormal hormone concentrations, complicating the identification of true healthy patients.
Moreover, low/high circulating hormone concentrations do not always correlate with
decreased/increased target tissue response. Dynamic endocrine testing protocols often more

accurately reflect the in-vivo situation, providing a more accurate assessment of the
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function/dysfunction of an endocrine axis, and therefore play an important role in clinical
decision-making.

10.1.2.2 Underlying diseases Non-endocrine disorders or concurrent endocrine disorders can

affect the homeostatic environment and hormone concentrations. Clinicians should carefully
select patients based on appropriate clinical signs before submitting any endocrine test. If a non-
endocrine disorder is present/suspected, patients should ideally be tested for a suspected
endocrinopathy after resolution of the former, as feasible. At that point, an endocrine test should
only be performed if the clinician still has a strong index of suspicion for an endocrinopathy.

10.1.2.3 Medications/drugs Many medications may affect endocrinology results. Some

examples are:

e Treatment effect on hormone concentrations: for example, oral/topical glucocorticoids and
ketoconazole can suppress the hypothalamus-pituitary-adrenal and thyroid axes, reducing
cortisol and thyroid hormone concentrations.

e Potential interference or cross-reactivity with antibodies used in hormone concentration
measurement: for example, 50% cross reactivity of prednisolone with cortisol antibodies
used in chemiluminescence.

e Alternation of the metabolism/catabolism of hormones or substances used for endocrine
testing: for example, phenobarbital may alter low dose dexamethasone suppression test
(LDDST) results by increasing the hepatic clearance of dexamethasone.

e Exposure to hormone replacement therapy (HRT): Alteration of endocrine test results (as
well as appearance of clinical signs) have been described after accidental exposure of pets to

their owners’ topical hormone preparations (estrogens, progestins, and testosterone).
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10.1.3 In-vitro preanalytical factors Equally frequent and capable of altering results are in-
vitro factors such as lack of adherence to test protocol procedures, collection of sample in the
wrong tube(s), incorrect labeling of samples, incorrect transport methods, lack of temperature
regulation, or delayed delivery of the sample to the laboratory. Some of the most important
factors affecting endocrine results include the following:

10.1.3.1 Test selection Endocrine laboratories should provide clear and complete general

information about test submission requirements and sample handling/transport to the laboratory.
Because diagnostic tests generally have specificities and sensitivities less than 100%, they should
only be requested when there is a significant pretest probability of disease.? Because of the
increased complexity of many dynamic endocrine tests (in comparison to single timepoint
measurement for minimum database), it is recommended that endocrine laboratories develop
guidelines and/or flowcharts for both screening for common endocrinopathies and for monitoring
therapy (i.e. type and frequency of testing), with the intent of helping clinicians who may call to
ask questions regarding selection of appropriate tests at the right moment.?

10.1.3.2 Patient preparation Fasting, starvation, stress, metabolism, and biological and

physiological variations (to include paraphysiologic conditions such as exercise and pregnancy),
are some of the most common factors to consider.* Clear instructions and guidelines on patient
preparation in each specific endocrine test should be provided by the laboratory.

10.1.3.3 Specimen collection and handling The type of sample (serum, plasma, urine, etc.),

anticoagulants, type of tube (plastic vs glass), presence of clot activators, presence of
serum/plasma separator gels [SST (serum separator tubes) or PST (plasma separator tubes)],
application of tourniquet, correct labeling of tubes in order of collection (for tests requiring

multiple samples), collection volume, hemolysis/lipemia, and the addition of any preservatives
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may cause variability in hormone analysis.>”” Hormone stability in plasma vs. serum vs. whole
blood can be widely different, depending on the chemical structure of the hormones and the
handling of the sample after collection (e.g. temperature and humidity fluctuations).®1° As a rule,
polypeptide hormones are more fragile than thyroid hormones and steroids.'*2 Most antibodies
and antigens present in the plasma are highly susceptible to alteration by temperature, oxidation,
and proteolytic degradation. Appropriate sample storage is fundamental in obtaining accurate
results. If the assay cannot be run immediately after blood collection, processed samples (e.g.
serum/plasma) should be stored at 4°C for limited amount of time (24h), or frozen at -20°C or
less if a longer time interval is expected, and if studies have shown that the hormone is stable
under the specified conditions. In heavy workload commercial endocrine laboratories, freezers
are often equipped with base and remote units that can measure, record, and send (using
email/phone via wi-fi) data such as temperature, humidity, and warnings in case of
abnormalities. If the laboratory is not equipped with such freezers, personnel should regularly
control the freezers’ temperature using National Institute of Standards and Technology (NIST)
certified thermometers.

10.1.3.4 Test standardization Although standard procedures for blood collection are widely

available, standardized protocols and clear instructions should be provided from the laboratory
for each hormone test. These instructions should include: collection temperature (pre-chilled or
room temperature tube); desired tube type as applicable (in endocrinology, most tests are
performed on serum or plasma, so that they are ultimately transferred into a plain red top tube
before shipment; specifying the sample type becomes important, as it may not match the color of
the top of the tube); transport time and maximum allowable delay before expected sample

degradation; time before separation of plasma/serum from cells; centrifugation conditions;
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special separation requirements; storage temperature; and, effect of freeze-thaw cycles.
Standardization of dynamic endocrine testing procedures (type of injected or administered
substance, modality of administration, delay for blood sampling etc.) is a must for obtaining
valid results.

10.1.3.5 Sample requirements Endocrine assays are applicable to a variety of matrices, and their

performances should be characterized on all samples types for which they are intended. Sample
types include fresh and frozen sera or plasma, as well as whole blood, cerebrospinal fluid, urine,
saliva and hair. 137

10.1.3.6 Specimen identification (please also see section 3, general analytical factors) Incorrect

sample tube identification can lead to wrong interpretation of endocrine results, delayed delivery
of results, and possibly repetition of the test at additional cost. A common instance is mislabeling
tubes during dynamic tests, for which serial samples from the same individual are required in a

specific order (e.g. low dose dexamethasone suppression test, stimulation tests).

10.1.3.7 Patient Identification (please also see section 3.1.3) Laboratory personnel should check
the accession form against the sample(s) for matching identification and verify that the number
of tubes matches that required by the requested test (i.e. two tubes for an ACTH stimulation test;
three tubes for a LDDST). The animal’s gender and reproductive status should always be
reported on the submission form when endocrine laboratories have established specific reference
intervals, especially for the reproductive hormones that will be affected by neutering, pregnancy,
or stage of the reproductive cycle.

10.1.4 Communication The most important factor in reducing the effect of preanalytical
variables on endocrine tests is open communication between clinicians and clinical

pathologists/endocrine laboratory experts. This collaboration should result in:
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e Correct selection of the most appropriate direct or dynamic test based on history, physical
examination findings, and differential diagnosis provided by the clinician (i.e. hCG
stimulation test with analysis of progesterone for suspected ovarian remnant; urine
metanephrine/normethaneprhine to creatinine ratio for suspected pheochromocytoma, etc.)

e Helpful discussion on whether performing further diagnostic tests is likely to be fruitful, in

the event of lack of correlation between test results and the clinical presentation.

10.2 Analytical Factors Important for Endocrinology

10.2.1 General considerations Hormone measurement can be less straightforward than that of

other measurands:

e Circulating concentrations of hormones may vary over a wide range of values, including
extremely low values that may be challenging to measure. Because of this, accurate
measurement of these substances requires sensitive assays, usually in the form of competitive
immunoassay (l1A).

e Because of the nature of the competitive IA, higher imprecision is typically encountered in
comparison to routine biochemistry measurands.

Each endocrine assay should be standardized and validated, and factors influencing the

variability of the results should be understood. This is especially crucial in veterinary endocrine

laboratory medicine, where many assays used to measure hormone antigens are based on anti-
human antibodies.

10.2.2 Characteristics of immunoassays

10.2.2.1 Technigues A more detailed discussion of immunoassay (IA) techniques can be found

in Section 10S, Supplemental Information on Immunoassay Techniques. In brief, IA comprise a
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broad category of different techniques which all involve antibodies to recognize the substance of
interest (Table 1). However, the design of the method (competitive or non-competitive, direct or
indirect, heterogeneous or homogeneous) and the signal (endpoint of quantification of the
substance of interest, such as radioactivity, chemiluminescence, fluorescence, enzymology), are
diverse.'® Simpler techniques of quantification (with no labeled antigens or antibodies acting as
signal-carrying tracers) like turbidimetry or nephelometry are less commonly used with hormone
IA due to their lower sensitivity for the quantification of molecules in low concentrations.

10.2.2.2 Special considerations for radioactive immunoassays (RIA) RIAs are to be used only in

approved laboratories and by authorized personnel who have been trained and who are certified
for the use of radioactive materials. Information about harmful preservatives used in reagents
(i.e. sodium azide) and shelf-life-storage conditions should be noted for institution of proper
safety protocols. Radioactive materials disposal is performed in accordance with governmental
regulations. Any waste items used in conjunction with radioactive materials must be disposed of
as radioactive waste. Waste must be segregated into dry solid waste, liquid waste, sample vials,
metal waste, hazardous mixed waste, and liquid scintillation vials. Regardless of the method of
disposal, complete records of radioactive receipt, use, storage, and disposal must be maintained
for a regulated period of time.*°

Information about traceability to certified reference materials should be accessible.’® In
veterinary endocrinology, a limited number of assays are available that can be traced to a
certified reference material (CRM). Therefore, any source of information or physical properties
of the substance used as a reference material (comparative material or assay) should be recorded.
Radioactivity is measured with gamma or beta scintillation counters, which should be inspected

daily by qualified laboratory personnel, and also by manufacturers or qualified contractors in the

Page 189 of 233



ASVCP QALS Guideline Version 3.0 (2019)

event that in-depth maintenance is required. Each laboratory should collect and save in a
worksheet, written and graphic calculations of the assay performance data such as count rate,
percent-binding rate, dose response variable, and analyte concentration, as well as analysis of
potential interferences such as background noise and non-specific binding.

10.2.2.3 Special considerations for chemiluminescent, fluorescent, and enzymatic immunoassays

Colorimetric enzyme assays are limited by the working range of the spectrophotometer
absorbance. Florescent enzyme assays can be affected by temperature, pH, oxygen content, and
natural background florescence. Some luminescence enzyme immunoassays can emit a weak
light that can rapidly decay. To increase the signal to noise ratio, light enhancer compounds can
be added to the reaction.

10.2.3 Immunoassay validation Regardless of the method/technique and of the signal used,
quality requirements for validation remains the same for any IA. The nine steps of the validation

process are detailed in the general analytical section of these guidelines (section 4.3).

10.2.4 Immunoassay analytical performance Analytical performance and total error goals for
veterinary endocrine testing may vary depending on the species, test, and test interpretation.
Achievable goals may be limited by the imprecision of endocrine assays and current state of the
art for the analytical performance. There are no current guidelines provided by ASVCP for total
allowable error for endocrine testing. Each laboratory should develop its own analytical
performance and total error goals based on the intended use of its tests in each species and the
performance that can be achieved in the laboratory. Total allowable error (TEa) for human
endocrinology tests compiled by Data Innovation (DG Rhoads company) can be found at

https://datainnovations.com/allowable-total-error-table. It should be noted that many of the total

error specifications for humans are based on biologic variation studies. There is little current
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information about biologic variation in veterinary species, and this should be considered when

determining quality specifications based on those derived for other species.

10.2.5 Particular Problems of Immunoassays

10.2.5.1 Prozone and postzone effects Some IA involve immune complexes between antigens

and antibodies, and they work ideally when the ratio between the two components is balanced.
On the other hand, large excess of antibody (prozone effect) or antigen (postzone effect),
sometimes referred to as “hook effects,” result in an artifactually low signal. The prozone effect
(excess of antibodies) is problematic only for IA without tracers (turbidimetry and
nephelometry), for which the signal relies purely on the immune complex formation. On the
other hand, the postzone effect (excess of antigens) is problematic for both 1A without and with
tracers. However, only non-competitive tracer-mediated IA (“sandwich”) are affected by the
postzone effect; it does not occur in competitive 1A. Of note, one-step non-competitive 1A
(sample contains the Ag of interest and the corresponding reagent with the Ab* tracer) are much
more affected by the postzone effect than two-step IA (in which the sequential adding of the
sample Ag and then the reagent Ab* prevents the competition between Ag and Ag-Ab* for the

capture antigen).?°

In order to eliminate the hook effect, depending on the measurands, different dilutions
may be necessary so that the true analyte concentration will fall within the analytical

measurement range (AMR) of the assay (see also 10.3.1 Reporting)

10.2.5.2 Antibody interference Some natural antibodies against the assessed substance can

interfere with the 1A. One classic example is the presence of anti-thyroglobulin (anti-T4) in RIA

(a competitive, indirect 1A in which the signal is inversely proportional to the concentration of
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T4). When anti-T4 antibodies are present, they bind the tracer (labelled T4), artifactually
decreasing the signal, and thus yielding an artifactually high T4 concentration of the assessed
sample.?

In general, endogenous antibodies may interfere by various mechanisms, and their effect on the
signal depends on the step with which they interfere and the competitive or non-competitive
nature of the 1A.

10.2.5.3 Cross-reactivity A cross-reaction is the recognition of an antigen by an antibody

designed to recognize another closely related antigen. It can be the same antigen in a different
species (for example T4 in dogs and cats) or two closely related antigens in a single species
(different PTH-related peptides, closely related ACTH peptides etc.). Cross-reactivity can vary
from strong (almost 100% of cross reactivity) to weak (about 50% of cross reactivity, sometimes
even less). Depending on the situation, cross-reacting can be desirable or not. Examples of
desirable cross reactivity are the assessment of the same hormones in different species (allowing
use of the same assessment kit across species), or similar hormones in one species, such as PTH-
rp (allowing to screen broadly). Examples of non-desirable cross-reactivity are the cross
reactivity between endogenous cortisol and prednisolone, or the cross-reactivity between a drug
and its metabolites.

10.2.6 Quality monitoring: quality assurance and quality control

10.2.6.1 Calibration Calibrators should be stored according to manufacturer’s instructions. The

calibration of the assay is designed to match the signal with a concentration in the working range
of the 1A (in a proportional manner for noncompetitive IA and in an inversely proportional

manner for competitive 1A). Calibrators with known signal activity levels must be used to set
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counter values before running standards (for dose-response standard curve) and diagnostic

samples. The frequency of the calibration depends on the manual or automated process of the 1A:

e Inmanual IA that is run in batches, calibrators are included in every run.

e Whereas in automated IA, calibration is performed less frequently as parameters of the
calibration curve are stored by the analyzer. On one hand, the improved process stability of
automated IA allows this economy of calibration; on the other hand, a drift in the bias is
more likely to occur after a break period or a maintenance period, so that more stringent QC
rules may be selected for analyzer start-up (for example, increased number of QC specimens
in the first run), and recalibration may be done when QC falls outside of the allowable limits.

10.2.6.2 Quality Control (QC)

10.2.6.2.1 Quality control goal The internal quality control (IQC) performed with quality
control material (QCM) monitors both the precision of the 1A and the proper functioning of the
analytical system as a whole (instrument, reagents, and operator) prior to running patient
samples. Of note, IQC does not detect poor specimen quality, misidentification of the correct QC
materials, errors in calculation, etc.??

10.2.6.2.2 Quality control steps Please see section 4, general analytical factors.

10.2.6.2.3 Choice and preparation of QCM Several options exist for QCM for veterinary
endocrine testing with various (sometimes complementary) advantages; they are not mutually
exclusive?. Given the wide concentration range of 1A, QCM should cover low, medium, and
high concentration ranges, targeting the concentrations of interest (within reference interval as
well as close to decision limits; of note, often the only commercially available QCM have

concentrations based on human decision limits). Several options exist for QCM:
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Pooled plasma or serum: any surplus plasma or serum of interest (having either a high to very
high concentration, low concentration, or absence of the hormone of interest) may be kept for
use as QCM. Pooled patient samples can be accumulated over a period of known stability.
Usually pools sufficient for at least 50 IA runs are preferred, and then the QCM should be
frozen in aliquots sufficient for analysis and at temperatures at which the measurands have
previously been shown to be stable over the period of time during which 50 runs are likely to
occur. If deterioration in the pooled patient control is noted over time, another pool can be
prepared.

Lyophilized commercial QCM: these have several advantages, namely: convenience, wide
concentration range covered, and preassigned values. However, they are more expensive,
they introduce a risk for error in material reconstitution, and the lyophilization may modify
the analyte and/or the matrix, potentially impacting the measured concentration.
Furthermore, most commercial QCM are designed to contain concentrations of importance
for human endocrine testing and may not reflect critical levels for veterinary testing.
Certified reference material (CRM): these materials are certified to contain a given
concentration of a given analyte, measured by the gold standard method. However, they are
expensive and especially the available measurands are limited.

EQA specimens: EQA specimens having a known concentration assigned to a peer group
using the same method and analyzer may help assess the accuracy of a new instrument or
method.

Repeat patient testing (RPT) has shown promise for quality control for veterinary endocrine

assays. Further research is needed to validate its use in veterinary laboratories.?*
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The choice of quality control rules and frequency of quality control should be determined by QC
validation and consideration of the sigma metric of the assay, as recommended in the general
analytical section (section 4).

10.2.6.3 External Quality Control (EQA) Participation in EQA is recommended for all

laboratory tests; please see section 4.2.2. There are a few veterinary-specific EQA programs for
endocrinology available from the Society for Comparative Endocrinology (SCE-EQUAS
program), the European Society of Veterinary Endocrinology (ESVE), and the Veterinary

Laboratory Association (VLA). Please see Resources, below, for additional contact information.

10.3 Postanalytical Factors Important for Endocrinology

10.3.1 Reporting Results should be communicated to the right recipient, in a timely manner,
and with a format that is clear and useful. As several units exist for hormones, the unit used
should clearly appear for each result. Population-based and/or stratified (i.e. by sex,
neutered/intact status, or age) reference intervals should ideally be available for each measured
hormone. A comment or an interpretation chart may be added depending on the laboratory
custom, and if sufficient history and clinical signs have been provided. If any medications or
other potentially interfering substances known to affect endocrine results (see 10.2.5.3 cross-
reactivity) are mentioned in the history, a warning note to the clinician should be attached to the
report. Informational notes should also be provided in case dilutions of a sample have been made
in order to allow the (true) measurands concentration to fall within the analytical measurement
range (AMR) of a specific assay, (see 10.2.5.1, prozone and postzone effects).

10.3.2 Results interpretation The results should always be interpreted by a veterinarian

possessing both a sufficient knowledge of the case (history and clinical presentation), as well as
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sufficient knowledge of the hormone pathophysiology. It is recommended that any interpretive

questions be directed to the laboratory endocrinologist/clinical pathologist.
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Section 10, Table 1: Main immunoassay categories (source:

http://www.snv.jussieu.fr/bmedia/lafont/dosages/D3.html)

Competitive IA/ “indirect” Non-competitive IA/“direct”
Tracer
(limiting antibody) (antibody in excess)
Radiolabeled Radioimmunoassay (RIA) Immunoradiometric assay (IRMA)
Enzymatic Enzymoimmunoassay (EIA) Enzyme-labeled immunosorbent assay (ELISA)
Fluorescent Fluoroimmunoassay (FIA) Immunofluorometric assay (IFMA)
Luminescent Luminoimmunoassay (LIA) Immunoluminometric assay (IFLA)
Resources:
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medicine

http://www.veterinaryendocrinology.org/sce-equas-program External quality assurance program

for veterinary endocrinology provided by the Society for Comparative Endocrinology

http://www.vetlabassoc.com/quality-assurance-program External quality assurance program for

veterinary endocrinology provided by the Veterinary Laboratory Association

https://www.esve-payments.org/esve/eve-gas External quality assurance program for veterinary

endocrinology provided by the European Society of Veterinary Endocrinology

Checklist for Guideline Section 10, Endocrinology and Immunoassays

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? | Additional Comment(s) by Auditor
10.1.2.1 Cller_lts are adv_lsed tha_t asingle hgrmone O VYes O No
measurement is usually insufficient for a clinical /
endocrinopathy diagnosis. L N/A
10.1.2.2 Clients are advised to order endocrine tests
with consideration to index of suspicion for an
endocrlpopat.hy and the presence _of any other OYes O No
underlying disease(s); the endocrinology laboratory
submission form has a dedicated section(s) for these LIN/A
items (i.e. brief, relevant history).
10.1.2.3 Clients are advised that drugs (such as
e e roe P | oY T

Py exp y Imp O N/A

results/interpretation; the endocrinology laboratory
submission form has a section asking for listing of
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current/recent treatment(s) (name, dose, frequency,
duration) and potential exposure to topical human
hormone replacement therapy.

10.1.3 The written/electronic laboratory test

protocols for clients provide:

e the test indication(s) (and desired timing, as
applicable)

e product dose/administration for each dynamic

1 Yes [ No
test
i - O N/A

e sample requirements (serum v. other, minimal

volume, etc.)
e number of samples and timing, as applicable
e submission modalities (tubes, handling,

shipping)
10.2.2 The client is informed, upon request, of the
specific technique(s) employed for each
Immunoassay (e.g. competitive versus O Yes [ No
noncompetitive) and the signal involved O N/A
(radioactivity, chemiluminescence, fluorescence, or
enzymology).
10.2.2.2 For radioactive assays, all regulations are
posted and followed regarding staff training, O Yes [ No
protective equipment, radioactivity monitoring, and 0O N/A
proper waste disposal.
10.2.3 Eac_h |mmunoassa}/ (1A) _used in the _ O Ves O No
laboratory is properly validated in each species for
which it is used. LIN/A
10.2.4 The analytical performance goals, expressed
separately for imprecision and bias, or as TEa,
should be determined for each endocrine HYes HNo
immunoassay. LIN/A
10.2.5 Special issues related to IA such as
prozone/postzone effects, antibody interference, and | U Yes [ No
cross-reactivity should be investigated in case of a O N/A
discordant result.
10.2.6.1 Each IA is properly calibrated, as needed, [l Yes [ No
based on the assay method and QC results. O N/A
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Calibration materials are properly stored, and daily
record of use are maintained for traceability.

10.2.6.2 Quality control materials (QCM) are
selected/generated, properly stored, and used daily.

. 0 Yes [ No
Records are kept for quality control measurements
for each 1A on a spreadsheet and a Levey-Jennings L N/A
chart.
10.2.6.2 A proper_qua}llty control str_ategy (QC O VYes O No
rules) and QC Validation are determined and
documented for each IA, with criteria for rejection. L N/A
10.2.6.2 Each failure of QCM for the chosen QC
rult_as is recqrded, and corrective and preventive _ OYes O No
actions are implemented and documented. QCM is
re-evaluated following corrective actions before LIN/A
testing of patient specimens.
10.2.6.3 External quality assurance (EQA) is ideally
performed at a minimum of four times per year, and O VYes O No
records of results, as well as any necessary
corrective and preventive actions, are kept for a LI N/A
predetermined period of time.
10.3.1 Results are communicated to the client in a
timely manner, in a clear presentation, with units, O Yes O No
reference intervals, and an optional O N/A
report/interpretation chart.
10.3.2 Laboratory clients are advised that
endocrinology results are |.nterpret.ed !n light of OYes O No
complete case data, potential medication

OO N/A

interferences, and knowledge of hormone
physiology/pathophysiology.
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Section 11: Protein Electrophoresis, including Electrophoresis-Based Immunotyping
This section of the guideline discusses protein electrophoresis and immunoelectrophoretic
characterization of immunoglobulin in peripheral blood and urine samples. Evaluation of CSF,
lipoprotein electrophoresis, or immunoelectrophoresis of non-immunoglobulin proteins (e.g.

hemoglobin isoforms) are outside the scope of this document.

11.1 Preanalytical factors important for Protein Electrophoresis

11.1.1 Specimen Collection, Handling and Transportation to the Laboratory General
guidelines available for collection of samples for urine and serum biochemistry are typically
sufficient for protein electrophoretic evaluation (see section 3, General Preanalytical Factors,
and section 8, Urinalysis). Submission forms should include a history/reason(s) for submission
for electrophoresis. Samples should be clearly labeled with sample type and anticoagulant used
(if any). Due to the significant differences between serum and plasma electrophoretic profiles,
identification of sample type is crucial for accurate interpretation of the electrophoretic study.
Whenever possible serum samples should be used. However, plasma is commonly used for non-
mammalian or smaller mammalian patients because sample volume can pose a challenge.!?
Preferred sample type should be communicated to clients by the laboratory. When possible,
patients should be fasted prior to peripheral blood collection and care should be taken to avoid
hemolysis (including timely harvesting of serum/plasma), as both lipemia and hemolysis can
induce significant changes in the electrophoretic profile.

11.1.1.1 Storage, handling and transportation of samples with suspected cryoglobulinemia To

avoid loss of cryoglobulins during sample handling, the sample should be kept at 37°C from

collection through harvest of serum.*® If the sample has been cooled, it should be warmed
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sufficiently to resolubilize any cryoglobulins.* Clinicians should clearly indicate a clinical
suspicion of cryoglobulinemia at the time of submission so that samples will be handled
accordingly in the lab.

11.1.2 Sample Storage Samples for total protein and electrophoretic fraction assessment should
be evaluated within 24 hours, with storage at 4°C (see above for cryoglobulinemia exception).
14 1f longer term storage is needed, storage at -80°C is recommended. Frozen samples should be

stable for at least one year.

11.2 Analytical factors important for Protein Electrophoresis and Electrophoresis-Based

Immunotyping

11.2.1 Monitoring Equipment, including refractometers, biochemistry analyzers, pipettes,
stainers, scanners, and protein detection instruments (these components are often packaged
together as a single system) should be handled, maintained, and calibrated according to general
principles as described in the general analytical sections of these guidelines (section 4).
Maintenance and performance logs should be kept for each instrument.

11.2.2 Method Validation Not all the method validation experiments listed in section 4 of this
document may be applicable for protein electrophoresis and immunotyping. The lab should
determine the appropriate type and extent of validation/verification needed. Method validation
experiments should be selected or modified as necessary to ensure that new methods/analyzers
are functioning satisfactorily to meet the laboratory’s requirements and the manufacturer’s
specifications. Applicable method validation procedures may include, but are not limited to,
comparison of methods, testing for interference, assessment of inter-run and intra-run variability,

and both upper and lower limits of linearity (if quantitative electrophoresis is used).
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11.2.2.1 Validation of fraction demarcation As most electrophoresis systems are semi-automatic

and require lab personnel to assign fractions, special attention should be placed on ensuring
repeatable demarcation of fractions between species, samples and personnel.> Comparison with
species-specific control samples and use of relative migration distance can help increase the
accuracy of faction demarcation.t>1°

11.2.2.2 Formatting of results Human-based recommendations suggest several methods to

determine the number of digits to report as part of quantitative SPE results. The lab should
determine which method of addressing or reporting the degree of inherent measurement
uncertainty will be used and format the SPE results to follow the lab’s general policy. This could
include reporting numerical results to the appropriate significant figure or reporting the expanded
measurement uncertainty of a result.>?

11.2.2.3 Immunotyping Reagents Reagents used for immunotyping should be shown to have

appropriate reactivity with each species for which they are used and should ideally be free of
cross-reactivity.?!
11.2.3 Equipment and reagents

11.2.3.1 Instrumentation The manufacturer’s recommendations should be followed for operating

and maintaining all equipment unless changes to those recommendations have been validated
within the lab (see 11.2.2 above and section 4).

11.2.3.2 Reagents Please see section 4.7.2

11.2.4 Personnel Knowledge

11.2.4.1 Preanalytical Personnel should have knowledge of common problems encountered with

veterinary protein electrophoresis specimens that may lead to erroneous results. Potential

concerns should be communicated with the client.
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11.2.4.2 Species and age differences Personnel should have knowledge of the normal and

abnormal electrophoretic profiles of species commonly evaluated within the lab and the common
changes seen with age.®?24

11.2.4.3 Analytical As there are considerable differences in the protocol, performance, and

effects of interfering substances (see Table 1) between the various electrophoretic methods used
currently in veterinary medicine, personnel should have knowledge of the methods used in the
laboratory and common interferences for that method.

11.2.4.4 Appropriate uses of retest/confirmatory test criteria Appropriate confirmatory/retest

criteria should be established by the laboratory, be clearly communicated to all staff performing
the tests, and be based on clinical significance of the resultant data. The performance and results
of any retested/confirmatory testing should be included in laboratory records and the patient
report.

11.2.4.4.1 Total protein concentration Protein concentrations outside linearity limits should be
diluted or concentrated sufficiently to bring the concentration within the linearity limits of the
assay.® Chemically determined (serum chemistry panel) albumin and densitometrically
determined (SPE) albumin results should be correlated when possible, to screen for erroneous
total protein or albumin results (see also 11.2.5.2 below).

11.2.4.4.2 Monoclonal protein detection Immunotyping by immunofixation or
immunosubtraction is recommended to confirm the diagnosis of monoclonal gammopathy in
cases with suspected interference, low concentration/small restricted bands, or monoclonal bands
hidden by a polyclonal background (see Table 1).2%%

11.2.4.4.3 Immunotyping When the results of immunotyping are inconclusive or do not match

well with the clinical picture, further diagnostic inquiry may include correlation with clinical
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findings, total class-specific immunoglobulin quantification, immunohistochemistry, or
molecular techniques.>?"?8

11.2.5 Quality Control and Analytical Factors Important in Protein Electrophoresis,
Including Electrophoresis Based Immunotyping

11.2.5.1 General principles General quality assurance and quality control principles should be

followed for protein electrophoretic evaluations, including the establishment of a clearly defined
and lab validated QA/QC protocol. Given the species-specific nature of the electrophoretogram,
available human-based external QA programs may not be applicable to veterinary patients.?%%°
11.2.5.1.1 Total protein Recommended quality control procedures for total protein
determination are discussed in the general analytical/biochemistry section (section 4) for
biochemistry analyzers, and in the hematology section (section 5) for total protein measurement
by refractometry.

11.2.5.1.2 Electrophoresis Both non-quantitative and statistical methods are available for quality
assurance of the electrophoretic study. If intra-assay imprecision is known to be high, samples
should be run in duplicate or triplicate on the same gel. Concurrent electrophoresis of a reference
sample from a normal member of the same species is an excellent quality assurance practice that
ensures the appropriate distinction of fractions. Commercially available Quality Control Material
(QCM) assayed for electrophoretic fractions, commercially available normal serum from
veterinary species, or lab-prepared, pooled healthy patient samples for common species should
be acquired, assayed if needed, and appropriately stored for use as a reference sample and/or as
QCM for statistical QC purposes. Consensus total allowable error recommendations for use in
validation of statistical QC protocols are not currently available for quantitative electrophoresis

in veterinary species. Therefore, lab derived values should be used.*
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11.2.5.1.3 Immunotyping As a qualitative assessment, statistical QC is not appropriate for
immunotyping. QA strategies should rely heavily on non-statistical quality assurance practices,
including use of well-trained and experienced personnel to perform the test, a regularly reviewed
and thorough SOP, correlation of results with clinical and other laboratory results, and evaluation
of the study by a qualified pathologist. Maintenance of an archive of normal and pathologic
samples with a well-established immunotype profile is recommended to aid any necessary
troubleshooting and to confirm the performance of new reagents.

11.2.5.2 Analvtic factors associated with protein determination for electrophoretic evaluation

Because specific health conditions or the effect of non-protein components can adversely affect
the performance of refractometric total protein measurement for electrophoresis, colorimetric
methods are recommended for most settings.332 Colorimetric (the bromcresol green method)
albumin is expected to be higher than densitometric albumin, due to binding of bromcresol-green
to globulins.3*-3 If it is not, evaluation for a source of error is recommended, which may include
evaluation for lack of linearity in densitometric albumin or effects of paraproteins and/or
cryoglobulins on the colorimetric albumin or total protein assessments (Table 2).%3/°

11.2.5.3 Analytic factors associated with electrophoretic methods Performance characteristics

can differ significantly between electrophoretic methods.?%4%-44 Specific measures should be
taken to address the potential challenges of the method employed in the lab. This may include
(depending on method used):

e Confirmation that cleaning practices prevent sample carry-over in capillary zone
electrophoresis (CZE) systems.
e Validation that the buffering system is of appropriate pH for detection of monoclonal

gammopathies in CZE systems, 294445
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e Identification and minimization of application point artifact in agarose gel systems which
can give the false appearance of a monoclonal protein.*®

11.2.5.3.1 Low resolution electrophoresis Methods such as cellulose acetate electrophoresis
(CAE) and some forms of agarose gel electrophoresis (AGE) produce low resolution results
(incapable of discriminating two beta-globulin peaks). Low resolution techniques are not
recommended in most settings because they can lead to misdiagnosis due to an inability to
adequately visualize restricted protein bands.> 478 Use of low-resolution techniques may be
appropriate if they are able to answer the clinical question (e.g. determination of A/G ratio).

11.2.5.4 Analytical factors affecting immunotyping Some methods of immunotyping, including

immunofixation, can be highly labor intensive and prone to human error. Strict adherence to the
QA recommendations above can help minimize analytical error. Even when using fully validated
methodology, comparison studies indicate variable detection of immunoglobulin components
between the various methods and platforms.?®4! Potential causes for discord include atypical
cross-reactivity of antisera producing fictitious bands, failure to detect components, and

interpretation error.

11.3 Postanalytical factors important for Protein Electrophoresis (see also section 12,

general postanalytical considerations)

11.3.1 Interpretation and reporting of electrophoretic studies The electrophoretic gel,
resulting electrophoretogram, and any derived quantitative data should be available for
evaluation at the time of interpretation.>?° Only well-qualified individuals should write
interpretative reports, which should be clear, concise, and interpreted in light of any available

data/case information..

Page 208 of 233



ASVCP QALS Guideline Version 3.0 (2019)

11.3.1.1 Nomenclature The nomenclature used to describe electrophoretic findings is not

consistently applied in veterinary literature.*”4%>0 When a lab employs multiple pathologists,
standard interpretation criteria should be defined in a reporting SOP. Nomenclature should be
used consistently, with explanation of any modifiers (for further discussion of modifier use in
cytology reporting, please see section 9.2.5.1).

11.3.1.2 Report contents To help communicate clearly with submitting veterinarians,

electrophoresis/immunotyping reports should include an image of the gel (if gel-based methods
are used), electrophoretogram and immunotyping (if performed), any derived quantitative data,

and any appropriate comments.>2°
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Section 11, Table 1: Reported interferents observed in electrophoretic based assays that are

expected to create a factitious monoclonal appearance. [adapted from Booth et al. 2018.2%]

SPE Method  IT Method Frequency  Observed in
Interferent Affected Affected Action for resolution  in human veterinary
AGE CZE AGE CZE medicine medicine
Thrombin treatment,
Ethanol precipitation,
Fibrinogen + + + + Common Yes
Pre-absorption of
antisera
Contrast Dyes - T - - IT Uncommon  Unknown
Antifungal 5-
- + - - IT Uncommon  Unknown
fluorocytosine (5-FC)
Antibiotics + + - - IT Uncommon  Unknown
Hemolysis + + - - IT Common Yes
Heterophilic Clinical awareness/
T T T T Rare Unknown
antibodies education
Clinical awareness/
Polyclonal 1gG4 + + + + Rare Unknown*
education
Gelatin-based plasma
aF aF - - IT Very rare Unknown
substitutes
Hydroxycobalamin - + - - IT Very rare Unknown
Clinical awareness/ Rare,
Monoclonal therapies + + + + Unknown*
education, migration becoming
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shift assays, +/- mass more

spectrometry common

*Has been observed anecdotally by the author

SPE = serum protein electrophoresis; IT = immunotyping; CZE = capillary zone electrophoresis; AGE = agarose gel

electrophoresis.

Section 11, Table 2: Reported causes and mechanisms of discordant colorimetric

(Biochemistry) and densitometric (SPE) albumin measurements.

5,37-39

Test Effect Cause/Mechanism Confirmation/resolution
Densitometric Factitious Increase Cryoglobulins or Warm and/or dilute the
Albumin (SPE) paraproteins remain sample

soluble during total
protein assay but
precipitate prior to

electrophoresis

Factitious Decrease

Non-linear dye binding Dilute sample into
(can depend on dye linearity range
chosen); typically Change dye
occurs at high albumin

concentration

Colorimetric Factitious Decrease
Albumin

(Biochemistry)

Paraproteins delay Evaluate albumin reaction

albumin dye binding curve

Colorimetric Factitious Decrease
Total Protein

(Biochemistry)

Paraproteins Evaluate refractometric
precipitate under assay  protein
conditions Use different Total protein

(pH or ionic strength)  assay
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Checklist for Guideline Section 11, Protein electrophoresis and Electrophoresis-based

Immunotyping

The purpose of these checklists is to facilitate guideline implementation/practical application

and may be further detailed in laboratory-specific standard operating procedures (SOPs). The

numbers in the first column correspond to the section numbers in the guideline. The N/A option

(listed here only for applicable items) should only be employed for items not pertaining to the

laboratory, with an explanation in the additional comment box.

Guideline Recommendation Compliant? | Additional Comment(s) by Auditor
11.1.1 Submission guidelines are provided to
1 Yes [ No
client, to include preferred sample type and
O N/A
handling instructions.
11.1.1 Submission form is legible and contains
the following:
1 Yes [ No
e Complete signalment & relevant
O N/A
history/indication for electrophoresis testing
e Sample type (serum vs. plasma)
11.1.1.1 Sample and submission
recommendations for cases with 0 Yes L[INo
cryoglobulinemia are available in writing or by O N/A
phone.
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11.1.2 Samples are stored appropriately prior L Yes L[INo
to, during, and after testing. 0 N/A
11.2.1, 11.2.5 Manufacturers’ instructions are
followed for all equipment; instrument
performance and maintenance logs are kept (to | [ 'Yes L1No
include refractometers, biochemistry analyzers, 0 N/A
electrophoresis units, stainers, and
scanner/detection equipment).

11.2.2, 11.2.3 Method validation and routine Ll Yes [INo
QA/QC are performed on instruments. O N/A
11.2.4 Laboratory personnel are
knowledgeable regarding the pre-analytical
concerns, species and age differences,
1 Yes [ No
principles of method performance and
O N/A
operation, and the potential errors associated
with these measurements, including appropriate
retest/confirmatory test policies.
11.2.5,11.1.3 Non-statistical QA practices
occur for immunotyping procedures, including
Ll Yes [ No
performance of the assay by well-qualified
O N/A

individuals and confirmation of results by a

pathologist.
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11.2.5.1.2 Control samples (commercial QCM,

1 Yes [ No
assayed pooled normal serum/plasma) are
OO N/A
included in each electrophoresis run.
11.2.5 Employed techniques can be expected to
1 Yes [ No
resolve two beta peaks (high resolution
O N/A
electrophoresis).
11.3 Pathologist-generated reports are clear, 0 Yes L1No
concise, and employ nomenclature consistently. O N/A
11.3 Client reports include appropriate data,
including an image of the gel (if gel-based
methods are used), electrophoretogram and 0 Yes L1No
immunotyping (if performed), any derived 0 N/A

quantitative data, and any appropriate

comments.
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Section 12: General Postanalytical Factors Important in Veterinary Clinical

Pathology

Postanalytical phase includes verification of results, entering results manually or
automatically into a Laboratory Information Management System (LIS), report delivery, any
required consultations with the clinician, and the storage/disposal of test samples and data.® The
incorporation of interpreted test results into a diagnosis by the clinician, recommendations for
further testing and treatment, and ultimate patient outcome may be categorized as the “post-post-
analytical phase”, or final component in the “brain to brain loop” in a comprehensive model of
quality laboratory testing.>® (see Figure 1 below and Figures 1 and 2 of section 3, Generall
Preanalytical Factors). There is potential for error at each step, complicated by a shared
responsibility (in both preanalytical and postanalytical phases) between laboratory staff and

clinicians to minimize errors.

12.1 Review of Data Includes data verification/validation. The laboratory should establish

standard operating procedures for appropriate technical review, supervisor review, and/or
pathologist review of specimens (see section 3.6, preanalytical quality) and results. Review
should be aimed at tests which have required recent analytical troubleshooting, any implausible
results, data drift, and results with potentially critical clinical significance (e.g. glucose,
hematocrit, urine specific gravity). Verification of data may be done manually or by automated

statistical algorithms; the latter is less prone to variability.

12.2 Data Entry and Reporting Whether created manually or electronically in a

database/LIMS, reporting accuracy is enhanced when data is presented in a standard format as
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established by the laboratory, to include an appropriate method of comparison via species-
specific validated reference intervals, decision limits, and/or previous patient results(s) which are
expressed in standardized units of measure.! Accepted values (as deemed necessary by the lab,
verification is typically accomplished by repeat testing) which are so abnormal as to represent a
life-threatening situation should be reported promptly and directly (usually by telephone) to the
veterinarian. The percentage of critical values reported and the time to reporting can be used as
key quality indicators for the post analytical phase, as well as the number/percentage of reports
that are amended post-release.* (see Table 2; for more information on key quality indicators,

please see section 3, general preanalytical factors).

12.3 Report Generation/Delivery Within the confines of an established turnaround time (see

section 3.3), reports must be generated in a timely manner relative to preanalytical and analytical
components. Reports should include laboratory-defined identification criteria (similar to
accession forms), such as name and address of the laboratory, name and address of the
submitting clinic/veterinarian, patient/owner name, date of specimen collection (not currently
common on reports but could be incorporated into the LIS from the accession form, considering
the importance of monitoring the time difference between collection and analysis vis-a-vis
potential preanalytical error), date the specimen was received in the laboratory, and
testing/reporting date. Reports should also include unique identification at the beginning of each
page (to ensure that all pages are accounted for and recognized as part of the test report) and may
include identification of the method used. Reports should be in a format that is easily understood,
giving clear information that is accurate and organized. Appropriate reference intervals and

interpretations must be clearly associated with the related result(s). The laboratory should keep a
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copy of all reports as well as any accompanying hard data for a specified time (for example, five
years for clinical, seven years for research, or country-specific legal requirements). If the LIS has
the capability, any telephone communication/reporting that may be necessary (e.g. due to critical
values, temporary malfunction in reporting software, etc.) should be entered into the LIS and
followed up with a written report as soon as feasible. Results of
immunocytochemical/immunohistochemical staining, as well as any additional interpretation or
explanation, should be linked to the original cytology/histopathology report and provided to the
client.

12.3.1 Identification of Outsourced Tests (“send-outs”) Clients should be informed when test
reports contain results of tests performed by subcontractors. A list of send-out tests and the
laboratory to which they are sent should be available to clients upon request.

12.3.2 Possible Inaccuracies As stated in section 3, it is best to reject/not run samples that
appear significantly compromised in the preanalytical phase. Any possibly inaccurate results
should have a clear, easily seen comment on the report that states what value(s) may be
inaccurate and misleading for clinical interpretation, with an explanation. For any rejected
specimens/specious results, a request to recollect and resubmit is advised.

12.3.3 Report Delivery For automated report delivery to external clients (fax, email, website),
the LIS should indicate successful report transmission and flag transmission failure. The
percentage of reports delivered outside of the specified turnaround time (TAT) can be used as a

key quality indicator.

12.4 Result Acknowledgement and Interpretation For complex tests, new tests, tests for

which there is an unexpected result, or tests for which a specific question has been posed by the
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clinician, interpretive comments are important for improving outcomes and patient safety.? In
human medicine, data from proficiency testing have detected unacceptable interpretive
comments, and EQA programs for these have been established and are recognized as a
continuing professional development activity.2°® Therefore, formal training of laboratory
professionals should be provided to maximize the quality of interpretive comments. Periodic
review, and adjustments as necessary, of interpretive comments is recommended to ensure that

these reflect the current status/any improvements in testing and interpretation.

12.5 Storage Specimens and reports should be stored under appropriate conditions for a pre-
established time as determined by specimen stability, laboratory policy, and/or
certification/accreditation requirements. Stained microscopic slides may be held indefinitely,
whereas samples such as urine, whole blood, or cavity fluid have limited storage life. Whole
blood samples may be frozen to -20°F for DNA analysis and -70°F for RNA analysis.
Serum/plasma may be similarly frozen for future research purposes.® Samples in frost-free-

freezers may be degraded by repeated freeze-thaw cycles.

12.6. Disposal Laboratories should dispose of materials and biologic specimens appropriately
and safely. This should include regulated procedures for any potential biohazards and timely
emptying of all containers and trash bins. Laboratory documents (policies, SOPs,
accession/report forms, and patient reports) should be eliminated/permanently archived
according to the laboratory’s document control policy (please see sections 2.2-2.3) in such a

manner that prevents inadvertent circulation and use of obsolete operational documents.
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12.7 Personnel Safety Personnel Requirements, and Laboratory Environment. See section 3,

general preanalytical recommendations for mutual concepts. Upon completion of a procedure,
the laboratory work station should be cleaned and organized in preparation for subsequent

procedures. Equipment should be well-maintained for perpetual readiness.

12.8. Supplies/Inventory Once laboratory analyses are complete, reagent and supply inventory

should be evaluated, and depleted items should be re-ordered. A well-maintained inventory

system and list of approved suppliers ensures that quality materials are always available.

12.9 Postanalytical Quality Assessment and Continuous Quality Improvement (see also

section 2.5 and section 2.6, total quality management system) As for the preanalytical and
analytical phases of laboratory testing, total quality management depends on error definition,
detection/recording, and correction (see Table 1 for examples of post-analytical errors). To this
end, use of quality indicators'®!! to categorize/define and record errors is recommended via
either manual or electronic means. This process makes use of error recording worksheets, with
details of where in the total testing process the error took place, the date, the name of the person
detecting the error, a description of the error, and any corrective actions implemented.? Once
error recording is in place, regular review of the types and frequency of errors should be
performed by management and all staff in order to identify areas for improvement (systems
approach).'® These improvements usually result in modifications and refinements of laboratory
processes which should be documented in revised SOPs. Further recording, monitoring, and
periodic evaluation should take place at pre-determined time periods to ascertain whether

corrective actions have resulted in a decrease in error rates.
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Section 12, Figure 1. The total testing process, from the clinical decision to order a test
through the value of the test result in ongoing clinical decisions/healthcare process [courtesy

of Dr. Emma Hooijberg].
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Section 12, Table 1: Categories of Post-Analytical Error

Data Entry/Transcription Error
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Errors in validation of analytical data

Failure/delay in reporting critical values

Failure in report transmission

Prolonged reporting time

Prolonged turnaround time (TAT)*

Incorrect Laboratory Interpretation

Missed reaction to a report

Failure to order appropriate follow-up tests

*Summation of potential delays in preanalytical, analytical,
and post analytical phases

Section 12, Table 2: Examples of Key Quality Indicators (KQI) for the Post-Analytical

Phase

Percentage of reports delivered outside of the specified turnaround time (TAT)*

Percentage of critical (life-threating) values reported on an immediate basis

Average time between sample submission and reporting of critical values

Percentage of corrected/amended reports

Number/percentage of reports with interpretive comments that have positive impact on

patient outcome (would require client survey and/or a clinical audit to assess)

*Although typically characterized as postanalytical, it should be recognized that TAT is affected by all
phases of the total testing process.

Resources

http://www.lewin.com/content/dam/Lewin/Resources/Site Sections/Publications/3993.pdf

Laboratory Medicine: A National Status Report - Chapter 1V: Quality and the Total Testing

Process. The Lewin Group; 2008.
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https://www.dropbox.com/s/x6itiuwlcgbymj8/AAVLD%20Requirements%20for%20an%20Acc

redited%20Veterinary%20Medical%20Diagnostic%20Laboratory%20AC1%20v%202018-

07.final.pdf?dl=0 Requirements for an Accredited Veterinary Medical Diagnostic Laboratory,

version 2018-07; American Association of Veterinary Laboratory Diagnosticians, Inc.; 2018.

http://www.ifcc.org/ifcc-education-division/working-groups-special-projects/laboratory-errors-

and-patient-safety-wqg-leps/publications/ List of publications from the Working Group on

Laboratory Errors and Patient Safety, International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC).

Checklist for Guideline Section 12, Postanalytical Factors Important in Veterinary Clinical

Pathology

The purpose of these checklists is to facilitate guideline implementation/practical application
and may be further detailed in laboratory-specific standard operating procedures (SOPs). The
numbers in the first column correspond to the section numbers in the guideline.

The N/A option (listed here only for applicable items) should only be employed for items not
pertaining to the laboratory, with an explanation in the additional comment box.

Guideline Recommendation

Compliant?

Additional Comment(s) by Auditor

12.1 There is an established procedure (SOPs) for
appropriate review of data generated in the
laboratory, with particular attention to results from
any testing methods which have required recent
analytical troubleshooting, implausible results,
data drifts, and results with critical clinical
significance.

O Yes O No

12.2,12.3 Data and reports are presented in a
standard format, with appropriate accessioning and
contact information, and with appropriate
reference intervals/decision limits/previous patient
data.

O Yes O No

12.2, 12.3 Critical/life threatening values (once
re-run/validated) are communicated to the

0 Yes O No

Page 228 of 233



https://www.dropbox.com/s/x6itiuw1cqbymj8/AAVLD%20Requirements%20for%20an%20Accredited%20Veterinary%20Medical%20Diagnostic%20Laboratory%20AC1%20v%202018-07.final.pdf?dl=0
https://www.dropbox.com/s/x6itiuw1cqbymj8/AAVLD%20Requirements%20for%20an%20Accredited%20Veterinary%20Medical%20Diagnostic%20Laboratory%20AC1%20v%202018-07.final.pdf?dl=0
https://www.dropbox.com/s/x6itiuw1cqbymj8/AAVLD%20Requirements%20for%20an%20Accredited%20Veterinary%20Medical%20Diagnostic%20Laboratory%20AC1%20v%202018-07.final.pdf?dl=0
http://www.ifcc.org/ifcc-education-division/working-groups-special-projects/laboratory-errors-and-patient-safety-wg-leps/publications/
http://www.ifcc.org/ifcc-education-division/working-groups-special-projects/laboratory-errors-and-patient-safety-wg-leps/publications/

ASVCP QALS Guideline

Version 3.0 (2019)

clinician immediately, and this communication (or
any telephone reporting) is recorded in
written/electronic format.

12.3 Report formats are designed for each type of
test performed and are clearly organized to
minimize the possibility of misunderstanding.
Reports are archived for a specified time.

O Yes O No

12.3.1 A list of send-out tests and the laboratory
to which they are sent should be available to
clients upon request.

0 Yes O No
O N/A

12.3.2 Suspect inaccuracies have a comment on
the report that clearly states which value(s) may be
inaccurate/misleading for interpretation, with
explanation.

O Yes [ No

12.3.3 For external clients, reports generated are
delivered to the appropriate client in a predefined,
timely manner. There is a detection mechanism for
report transmission failure.

[ Yes O No
O N/A

12.4 Any interpretive comments attached to lab

results are periodically reviewed and updated as

needed to reflect any testing or reference interval
changes/improvements.

O Yes O No
O N/A

12.5 Specimens, slides, data, and reports are
stored under appropriate conditions and for an
established period defined by biologic stability,
laboratory policy and/or certificate/accreditation
requirements.

O Yes [ No

12.6 Materials and samples will be disposed of
appropriately and safely.

O Yes O No

12.6 Previous versions of laboratory documents
will be eliminated or permanently archived in a
way that prevents that prevents in advertent
circulation and use of obsolete operational
documents.

O Yes [ No

12.7 Laboratory spaces and equipment are clean,
organized, and well-maintained, with logs to
record cleaning/maintenance activities.

O Yes O No

12.8 The laboratory shall maintain a complete
reagent and supply inventory with approved
suppliers.

0 Yes O No
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12.2,12.9, Table 2 For larger labs, key quality
indicators for the post-analytical phase are
identified and tracked, with number/percentage of
errors/non-conformities evaluated at routine
intervals against pre-defined goals. Preventive and | [0 Yes [ No
corrective actions are taken as appropriate to
decrease/minimize errors, with scheduled periodic
review to assess their effectiveness. Smaller
laboratories may keep an incident log.
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