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Abbreviations

Abbreviation Term Definition
SPCO01 - TSANZ Technical Standards for Spirometry in Australian Primary Care
TSANZ Standards for Training and Maintaining Competency in Spirometry for
SPC02 - . .
Australian Primary Care
FEV1 Forced Explratory Volume of air forcibly exhaled in the first second after full inspiration.
Volume in 1 second
FVvC Forced Vital Capacity Total volume of air forcibly exhaled after full inspiration.
FEV1/FVC FEV1 to FVC Ratio Expressed as a decimal; key indicator for airflow obstruction.
PEF Peak Expiratory Flow Maximal flow achieved during a forced vital capacity manoeuvre.
FIVC E(;rpc:gtl;]splratory Vitat The total volume of air that can be forcibly inhaled after a full exhalation.
VC Vil Gy The volyme of air exhaled from a point of maximal inhalation to maximal
exhalation.
TLC Total Lung Capacity Total volume.of air in the lurlgs after maximal inspiration (measured by static
lung volume instead, not spirometry).
RV Residual Volume Volume of air remaining in the lungs at the end of a maximal exhalation (not
measured directly by spirometry).
IC Inspiratory Capacity Volume of air that can be inhaled after normal exhalation.
BDR Bronchodilator The change in FEV, and/or FVC with measurements of spirometry performed
Response before and after administration of a bronchodilator.
Short-acting beta A fast-acting bronchodilator medication that relaxes airway muscles to quickly
SABA . . L
agonist relieve symptoms of bronchoconstriction.
LABA Long-acting beta A bronchodilator medication that relaxes airway smooth muscle to improve
agonist breathing, providing sustained relief for up to 12-24 hours.
. A patient’'s measured value expressed as a percentage of the predicted normal
0
/o Pred Percent predicted value for age, birth sex, height, and ethnicity.
LLN Lower Limit of Normal The lower bound of the reference range, typically defined as the 5th percentile
(Z-score of -1.65).
Zccore Standard Deviation Indicates how many standard deviations a measured value is from the predicted
Score mean.
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Abbreviation

Term

Global Lung Function

Definition

GLI e Provides multi-ethnic, age-adjusted reference values for spirometry.
Initiative
Body Temperature and Standard condition for expressing lung volumes; corrects measurements to
BTPS L
Pressure, Saturated body conditions.

. Obstructive Lung . . . .
Obstruction Disease A condition characterised by reduced airflow, shown by a low FEV1/FVC ratio.
Restriction Restrictive Lung Condition with reduced lung volumes, often shown by low FVC with a normal

Disease or high FEV1/FVC ratio.
Calibration - Calibration is the process in which the spirometer signal is adjusted to produce
a known output.
. . A quick check done inside the spirometer’s built-in calibration mode to see
Calibration e . . ) .
Check _ if it is still measuring correctly. It does not change or adjust the calibration. It
confirms that the readings are within the correct range.
Confirms the spirometer is working within its accuracy limits by using a known
e . reference (usually a 3 L syringe) with the spirometer set up exactly as it would
Verification — 3 . . " .
be for real testing. This is done under normal operating conditions, not in
calibration mode.
QA Quality Assurance Act|\{|t|es and standards to ensure spirometry tests meet clinical and technical
requirements.
QC Quality Control A procedure to verify that the spirometer is performing accurately before use.

Repeatability

A measure of test quality; requires that the difference between the best two
FEV1 and FVC from acceptable readings is within 150 mL (or 100 mL if FVC
<1.0L).

Acceptability

Assessment of whether an individual spirometry effort meets ERS/ATS criteria
(e.g. good start, no cough, full exhalation).

Pre-BD Pre-Bronchodilator Baseline spirometry measurements taken before bronchodilator use.
Post-BD Post-Bronchodilator Splromgtry results taken after bronchodilator administration to assess
responsiveness.
FVL Flow-Volume Loop A graphlcal representation of the flow against volume during a forced vital
capacity manoeuvre.
V-T Curve Volume-Time Curve A graph showing volume over time; used to assess expiratory time and effort.
A generic term encompassing all current relevant publications—such as
ERS/ATS - statements, technical standards, guidelines, and technical statements—issued
Standards by the European Respiratory Society (ERS) and/or the American Thoracic
Society (ATS), whether published individually or jointly.
A trained person who performs spirometry testing following this standard,
Operator — . . ) -
ensuring quality and safety requirements are routinely met.
A person undergoing spirometry testing, regardless of the setting or reason for
Patient o testing. This may include individuals in clinical care, workers in occupational

health programs, participants in research, or any other person for whom
spirometry is indicated.
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1.0 Methodology

The Technical Standards for Spirometry in Australian Primary Care
(SPCO01) establish the core clinical and operational requirements that
must be met to ensure safe, consistent, and high-quality spirometry is
delivered in Australian Primary Care. SPCO1 was developed through
a collaborative, evidence-informed process led by a multidisciplinary
Working Group. The group brought together representatives with
expertise across general practice, respiratory nursing, respiratory
science, pharmacy, Indigenous health, occupational health and
consumer advocacy, as well as respiratory physicians and project
management. The diverse composition of this Working Group ensured
that SPCO1 reflects the breadth of perspectives and needs across
primary health care and respiratory services in Australia.

Evidence Review and Development Process

Literature sources were searched by the Chair of the Working Group between January and July 2025 with database limits set to
2010-present. Searches included PubMed (MEDLINE), Embase, Google Scholar, and targeted reviews of the American Thoracic
Society (ATS), European Respiratory Society (ERS), Thoracic Society of Australia and New Zealand (TSANZ), Australian and New
Zealand Society of Respiratory Science (ANZSRS), Royal Australian College of General Practitioners (RACGP), the Australian
Commission on Safety and Quality in Health Care (ACSQHC), National Asthma Council Australia (NAC), and Lung Foundation
Australia (LFA). Search terms combined concepts such as spirometry; primary care/general practice; occupational health; infection
control; calibration; quality control/quality assurance; biological control; training/competency; and Global Lung Function Initiative
(GLI)/reference values/z-score. Documents not captured by the search but deemed relevant were provided by Working Group
members. The evidence informing this Technical Standard is listed in Section 9.0 (References). A key reference was the 2019
ERS/ATS Spirometry Technical Standard, supplemented by Australian primary-care guidance and accreditation frameworks
(e.g., RACGP IPC guidance; ACSQHC Primary and Community Healthcare Standards) and GLI reference-equation resources.
Findings were synthesised by the Chair and circulated for structured review and discussion at Working Group meetings (via
videoconference). Where high-level or context-specific evidence was unavailable, the Working Group used structured expert
discussion to develop consensus-based recommendations tailored to the Australian primary care setting.

Drafting, Review, and Consensus

Initial drafting of SPCO1 was undertaken by the Chair of the Working Group, informed by the evidence review and feedback from
the Group. Drafts were circulated at regular intervals, with members providing comment and suggesting revisions based on their
professional expertise. Revisions were incorporated iteratively, and consensus was defined as full Group agreement following
open discussion. Where differences persisted, agreement was achieved through majority decision after further deliberation, with
the Chair ensuring transparency of the process. This process reflects the Working Group’s shared commitment to delivering
practical, evidence-informed guidance for primary care.
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External Review and Sector Consultation
To ensure broad sector relevance and alignment with professional expectations, external review and feedback were sought from
the following key organisations:
e Australian Primary Health Care Nurses Association (APNA)
e Royal Australian College of General Practitioners (RACGP)
e Pharmaceutical Society of Australia (PSA)
e Australian and New Zealand Society of Respiratory Science (ANZSRS)
e Thoracic Society of Australia and New Zealand (TSANZ)
e National Aboriginal Community Controlled Health Organisation (NACCHO)
e National Association of Aboriginal and Torres Strait Islander Health Workers and Practitioners (NAATSIHWP)
e Australian College of Nurse Practitioners (ACNP)
e Australian Commission on Safety and Quality in Health Care (ACSQHC)
e Australian Physiotherapy Association (APA)

Feedback from these bodies was reviewed and integrated into the final document to ensure SPCO1 is relevant, implementable, and
reflective of contemporary practice in diverse primary care settings.

Working Group Composition
The development of SPCO1 was led by the following Working Group members:

e MrJarrod Warner (Chair): Manager, Clinical Quality, Occupational Health, Resources Safety & Health Queensland
e Dr Jane Muir: Occupational Physician, AFOEM representative

e A/Prof Simone Barry: Respiratory and Sleep Disorders Physician, TSANZ representative

e Ms Kathleen Chapman: Respiratory Clinical Nurse Consultant, TSANZ representative

e Ms Irene Schneider: Clinical Educator Respiratory Sciences, ANZSRS representative

e Ms Deborah Macfie: Respiratory Specialist Nurse, APNA representative

e Dr Peter Maclsaac: General Practitioner, RACGP representative

e Mr James Harris: Executive Director of Professional Development, NAATSIHWP representative

e Mr Michael Hewson: Pharmacist, NACCHO representative

e Ms Rilla Roberts: Consumer Representative, former Nurse Clinician, Health Care Educator and Manager

e MrJohn Ruttle: Consumer Representative

e TSANZ team: Manali Deorukhkar — Senior Project Officer; Amy Mulholland — Associate Program Manager.

Declarations of Interest were made by each Working Group member according to the policies of the TSANZ. Any perceived
conflicts of interest were managed by the Chair. Declarations of interest are outlined in Appendix E.
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2.0 Rationale

Spirometry in primary care plays a crucial role in the early detection
and ongoing management of respiratory disease, particularly

given that most respiratory illness first presents in these settings.
Respiratory diseases such as chronic obstructive pulmonary disease
(COPD) and asthma are leading contributors to morbidity and health
system burden in Australia, especially among Aboriginal and Torres
Strait Islander peoples and those living in rural and remote areas.
Access to accurate spirometry in primary health care is a critical
component of equitable respiratory care.?

Spirometry is used in the investigation of respiratory symptoms, in the diagnosis of respiratory conditions and monitoring of
treatment response. It also plays an important role in case-finding, (e.g. smokers at risk of COPD), in the assessment of
preoperative risk, in monitoring lung health in workers occupationally exposed to respiratory irritants or allergens, and in disability
or impairment evaluations.

The RACGP Standards for General Practices (5th edition) recognise that timely access to spirometry is a core element of clinical
care. The RACGP Standards outline that where practices meet this clinical need by offering in-practice spirometry testing, the
service should be supported by appropriate staff training and infection control.?

Primary care services should demonstrate a clear local pathway to perform or arrange timely, accessible and affordable provision
of spirometry services. Where reliable equipment and appropriately trained staff are available, spirometry may be performed
within the primary care setting. Alternatively, patients should be referred to an appropriate provider or service able to perform
spirometry in accordance with these standards, with testing undertaken by appropriately trained and competent personnel.
Regardless of where the test is conducted, spirometry must be performed and interpreted in accordance with SPC01 and SPC02:
Standards for Training and Maintaining Competency in Spirometry for Australian Primary Care (SPC02).3

Practitioners claiming Medical Benefit Schedule (MBS) spirometry services are required to provide spirometry that meets quality
requirements and is performed by a person who has undergone training and is qualified to perform it to recommended technical
standards.

SPCO1 defines the core clinical and operational requirements that should be met to ensure safe, consistent, and high-quality
spirometry services in Australian primary care settings, such as general practice, Aboriginal Health Services, community health
centres, and pharmacies. It constitutes a Standard of Practice rather than a Guideline, consequently, compliance with SPCO1 is
expected in routine practice and any deviation should be clinically justified and appropriately documented.

Poor-quality spirometry in primary care settings is a well-recognised issue, often stemming from inadequate training (including
both performance of the test and accurate interpretation of results); lack of quality assurance processes; and inconsistent
adherence to international standards.*® A significant proportion of spirometry tests performed in primary care fail to meet the
minimum acceptability and repeatability criteria set by guidelines of the European Respiratory Society (ERS) and American
Thoracic Society (ATS).° This has serious clinical implications, including misdiagnosis of respiratory conditions such as COPD and
asthma, inappropriate treatment, and missed opportunities for early intervention.

Recognising these shortcomings, the delivery of accurate and reliable spirometry testing outside respiratory laboratory settings
presents unique challenges. Contributing factors include perceived limited clinical utility, lack of confidence in interpretation,
limited access to trained personnel, variability in operator training, poorly maintained or outdated equipment, time pressures in
busy clinical environments and patient reluctance or difficulty in attending for spirometry.®

Additionally, there have been ongoing changes in infection control practices reflecting the impact of the SARS-Cov-2 (COVID-19)
pandemic to enabling healthcare services to prevent, control and respond to infections that cause outbreaks, epidemics or
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pandemics, including novel and emerging infections. As a result, many providers in general practice, who previously had conducted
spirometry, have ceased during the pandemic and have not recommenced in the post-pandemic environment.

Given these realities, a standardised approach tailored specifically to primary care settings is essential to provide primary
healthcare practitioners with clear guidance on how to conduct spirometry. This document sets out minimum technical standards
for delivering high-quality spirometry in primary care settings, offering structured guidance on operator training, equipment
calibration, test performance, quality control, and test interpretation.

SPCO1 aligns with the core principles of the 2019 ERS/ATS Standardization of Spirometry Update and the 2022 ERS/ATS
Technical Standard on Interpretive Strategies for Routine Lung Function Tests, while adapting recommendations to meet the
operational requirements of non-hospital environments in Australia. 78

The content reflects current best evidence and expert consensus, and is intended to support:

e Clinical safety and accuracy in test performance

e Consistent competency assessment for health care professionals

e Ongoing quality improvement in primary care spirometry services
SPCO1 promotes not only technical excellence but also a minimum standard of clinical safety supporting equitable access to
quality respiratory assessment across diverse populations and clinical settings. It also acknowledges the importance of culturally
safe care, particularly in Aboriginal Health Services, and supports adaptations that uphold quality while respecting community

preferences and contexts. By providing a consistent framework, it supports integration of spirometry into primary care and
contributes to improved respiratory health outcomes.
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3.0 Terminology

e The word “must” used throughout this document
indicates mandatory requirements to be compliant
with this standard.

e The word “should” indicates guidance that is
recommended but is not regarded as mandatory.

e SPCO01 will be used throughout the document
to refer to the TSANZ Technical Standards for
Spirometry in Australian Primary Care.

e SPCO02 will be used throughout the document
to refer to the TSANZ Standards for Training
and Maintaining Competency in Spirometry for
Australian Primary Care.
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SPCO01 aims to improve consistency, accuracy, and clinical confidence
in spirometry testing and interpretation, thereby supporting timely
and accurate diagnosis and effective disease monitoring, and
appropriate management of respiratory conditions.

It establishes a national benchmark for spirometry practice in primary care settings that operate outside of respiratory function
laboratories, including:

e General practices e Pharmacies

e Occupational health services e Nurse-led clinics or practices

e Aboriginal Health Services/Aboriginal Community e Pathology services
Controlled Health Organisations e Residential aged care

* Allied health services e Residential disability care.

e Community Health Centres and Outreach services

Spirometry offered in community-based non-GP specialist practices, non-accredited respiratory function laboratories, or ward
and outpatient settings in hospitals should also apply SPCO1 to their respiratory testing services. SPCO1 supports consistent,
high-quality spirometry delivery across a range of service models and populations, including culturally safe approaches in
Aboriginal health care settings.

SPCO1 is intended for use by health professionals with significant background in the conduct of spirometry services or to
be used in conjunction with spirometry training and quality assurance programs. The conduct of spirometry is a complex
organisational and clinical process, and it would be expected that the level of knowledge conveyed and assumed by SPCO1
would challenge clinicians without significant training and background in the field. SPCO1 is not a substitute for appropriate
training and clinical experience.

SPCO1 is intended for, but not limited to, the following health professionals:

e General Practitioners (GPs)

e Registered Nurses and Nurse Practitioners

e Aboriginal and/or Torres Strait Islander Health Workers and Practitioners

e Pharmacists

e Allied health professionals (e.g., physiotherapists, exercise physiologists).
It applies across all primary care settings, regardless of service size, location, or staffing model. They set clear requirements and
guidance for operator training and ongoing competency assessment; standardised test procedures and protocols; calibration and

maintenance of spirometry equipment; quality control processes; and the reporting and accurate interpretation of spirometry
results.

Individual services can consider variation from SPCO1, if needed, to support both the local delivery of spirometry and
achievement of clinically accurate measurement. In such a situation, services must document variations and seek advice from
experienced operators or spirometry training organisations. This flexibility supports implementation in clinically diverse and
culturally safe and contextually appropriate ways, particularly in Aboriginal Community Controlled Health Organisations;
culturally and linguistically diverse communities; and rural or remote primary care settings.

Operators performing or supervising spirometry are responsible for maintaining competency, exercising clinical judgement, and
ensuring adherence to SPCO1.

SPCO1 may also serve as a reference for accrediting or approval bodies when evaluating the competence of primary care
spirometry providers.
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5.0 Service
Requirements

The effective and accurate delivery of spirometry services in primary care settings relies on four critical elements.

Element Requirement

Personnel Appropriate training and regular competency assessment of operators.

Equipment and Access to properly maintained and calibrated spirometry equipment, with a suitable, well-ventilated
Space space appropriate for aerosol-generating procedures.

Spirometer

. Compliance with recommended performance and technical standards.
Specification

Quality Control Ongoing quality procedures to ensure accurate and reliable results.

5.1 Service Personnel

Spirometry must be performed by operators who have undertaken formal training and continuing professional education through
a recognised program. Aboriginal and/or Torres Strait Islander Health Workers and Practitioners should be supported to undertake
training and have an active role in spirometry testing, health promotion, and follow-up.

All training must align with SPC02, including regular refresher training and re-assessment of competence.?

5.1.1 Operator Requirements
e Operators must demonstrate the ability to:
o Keep the spirometer in good working order and record all checks.
o Coach patients through the test.
o Spot and correct mistakes.
e To support the maintenance of competency, operators must perform spirometry regularly.

e Frequency of testing has been linked to the quality of results, and therefore, consistent practice is encouraged to ensure
skill retention and test quality.

e A minimum of 2-3 spirometry tests per week on average should be performed to maintain competence. Tests can be
conducted on either patients or consenting colleagues.

e As this may not always be feasible in a primary care setting, training providers should be encouraged to develop a flexible
competency framework including regular refresher training.
5.1.2 Demonstrating Operator Currency

e Operators must be able to demonstrate ongoing engagement with spirometry testing and be able to demonstrate this
using clinic records or maintaining a log or record of completed tests.

e Operators are encouraged to access or develop tools and templates to support documentation relating to the maintenance
of the spirometer, testing services and training and continuing professional education.
5.1.3 Ongoing Competency and Refresher Training

e To ensure that competency is maintained over time, operators must participate in regular refresher training and
reassessment as part of ongoing continuing professional education.

e Timeframes and formats for refresher education are outlined in SPCO02.
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5.2 Equipment and Space Requirements

5.2.1 Testing Environment

An appropriate clinical space must be provided for spirometry testing.

The space should ensure:

o A patient’s privacy.

o Compliance with infection prevention and control principles, with spirometry conducted on a patient (only) in a well-

ventilated and temperature-stable room that can be closed off to other internal spaces. If a support person is needed,
then they should be provided with appropriate PPE.

o Inthe rare circumstance that spirometry needs to be conducted in the context of proven or suspected respiratory
illness, the room should be stood down for 60 minutes and it must then undergo standard equipment and
environmental cleaning as per the management of other respiratory aerosol communicable diseases.

o Clear access and egress for emergency medical response personnel and equipment.

5.2.2 Environmental Monitoring

Most modern spirometers use flow-based technologies such as pneumotachographs, ultrasonic sensors, or turbines. These
systems are sensitive to ambient conditions (temperature, pressure, and humidity) which can affect measurement accuracy.

The spirometer must be allowed to acclimatise to the ambient conditions of the testing environment before use.
To ensure accuracy, spirometers must adjust readings to BTPS (Body Temperature and Pressure Saturated) conditions.

BTPS adjustment is required because when warm, humidified air at 37°C is expired into a ‘cold’ spirometer, the expired air
contracts resulting in underestimation of the measured volume.

Spirometers used in the primary care setting usually have built-in sensors that automatically measure ambient temperature
and pressure and calculate and apply the BTPS correction.

Some spirometers require the operator to manually enter ambient conditions. In such cases, it is crucial to measure and
input accurate room temperature and barometric pressure values before testing, in the room where testing will occur.

The use and position of air-conditioning units and fans should be optimised to prevent impact on spirometry readings.
Fans or vents directed across or near the spirometer’s flow sensor (or the patient’s face) can cause false readings. Air
conditioning can cause fluctuating room temperatures and affect BTPS corrections if the spirometer relies on ambient
temperature sensors. Fans and air conditioning can disperse aerosols compromising infection prevention and control.

5.2.3 Height and Weight Assessment

A stadiometer (measuring height to 0.1 cm) and scales (accurate to 0.5 kg) must be available and maintained to
recommended accuracy.

This equipment must be calibrated and/or verified for accuracy at least annually, or as per manufacturer’s
recommendations.

5.2.4 Patient Seating

Testing must be performed in a seated position to reduce the risk of falls during the test.

A stable chair with armrests must be used for the person undergoing testing.

5.2.5 Emergency Equipment

Readily accessible resuscitation equipment must be available at the testing site.

5.2.6 Test Consumables

Consumables such as mouthpieces and bacterial/viral filters be used for each test; nose clips are highly recommended.

These items may be single-use or reusable; however, if reusable consumables are used, a validated and documented
reprocessing procedure must be in place to ensure minimisation of cross-infection risk.

5.2.7 Bronchodilator Responsiveness Equipment

A short-acting bronchodilator delivered via a metered-dose inhaler and single-use spacer must be available for
bronchodilator responsiveness testing.

Administration of bronchodilator can be governed by local guidelines, protocols and/or standing orders.

5.2.8 Data Management

There must be a secure and compliant system for storing raw spirometry data, aligned with Australian Government data
security and privacy standards.
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5.3 Spirometer Requirements

A spirometer is a medical device used to measure how much air a person breathes in and out, as well as how quickly air moves
through their lungs. Most spirometers use flow-sensing technology, meaning that the exhaled air passes through a sensor and is
then released back into the room. Because spirometer designs can vary, it is important that operators are familiar with the specific
make and model they are using and understand the measurement principle behind it.

5.3.1 Accuracy and Compliance
e When purchasing a spirometer, it is essential that the manufacturer provides a report or publication confirming the
spirometer complies with ERS/ATS requirements.
e The spirometer used should be listed on the Australian Register of Therapeutic Goods register: https://www.tga.gov.au/
resources/artg
e Spirometry software is periodically updated as per the manufacturers’ recommendations. It should be regularly confirmed
that the most current software version is installed and in use.

e The reporting capability of the software should be consistent with SPCO1 with respect to calculating and displaying
z-scores, lower limits of normal, and bronchodilator responsiveness.

Spirometers, as with any other piece of medical equipment, have a limited useful life expectancy and need to be replaced as they
wear from use or become outdated in terms of functionality, ease of use and capacity to upgrade their software.

5.3.2 Calibration and Calibration Check®
At a minimum, a calibration and/or calibration check must be performed in accordance with the spirometer’s capabilities, ensuring
accuracy is confirmed before testing.
e Calibration is an adjustment of the spirometer to match a known standard, such as a 3 L syringe. Most spirometers
marketed for use in primary care settings do not have the capacity for the operator to calibrate the machine.

e A calibration check is a comparison of the spirometer reading of volume to match a standard 3 L syringe and confirms the
spirometer remains accurate (within £3%).

Requirements
e All spirometers must undergo a regular calibration check regardless of make, model, or measurement principle, even if
marketed as “not requiring calibration.” This ensures ongoing accuracy and protects against hidden drift or equipment wear.
e |f spirometry is performed daily, a calibration and/or calibration check must be performed each day before testing.

e If testing is less frequent, a calibration and/or calibration check must still be completed on the day of testing to confirm the
spirometer’s accuracy under the conditions of use.

e Auto-calibrating spirometers are not exempt; they must still be checked regularly according to manufacturer’s instructions
and best practice guidance (see 5.4 Quality Control).

e If unexpected results are obtained, or if the spirometer has been reassembled or subjected to major cleaning/disinfection, it
may require a calibration check. Most primary care spirometers cannot be manually re-calibrated and must be returned to
the manufacturer if required.

Procedure
e A certified 3 L syringe must be used for calibration and/or calibration checks. The syringe must be certified within the past
12 months, with an accuracy of +15 mL (+/- 0.5% of 3L).
e A dropped or damaged syringe must be considered out of calibration until it has been checked or recertified.

e Calibration and/or calibration checks involve injecting exactly 3 L of air at three different flow rates (slow, medium, fast).
This tests the spirometer’s accuracy across a range of patient breathing patterns.

e Acceptable limits are:
o Maximum permissible spirometry accuracy error = +2.5%.
o Calibration checks = within +3% of 3 L (2.91-3.09 L).

e Environmental conditions must be updated at the time of calibration and/or calibration check, as these affect volume
calculations.

e Calibration should be performed with a mouthpiece and filter in place, to properly account for resistance that will be
present during testing.

e A spirometer-specific adaptor may be needed to connect the syringe correctly to the spirometer, and operators should
ensure this is in place.
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Frequency
e Regardless of testing volume, a calibration and/or check must always be performed on the day of testing. This ensures th
operator can demonstrate the spirometer is functioning accurately under the actual testing conditions.

e |n primary care and rural or remote settings, resources and testing volumes may differ, but the minimum requirement
remains that a calibration and/or calibration check must be conducted on any day the spirometer is used, with settings
ensuring regular access to a certified 3 L syringe.

Operator Responsibilities

e Spirometry operators must be trained and competent to perform calibration and/or calibration checks according to the
spirometer specifications.

e

e Operators must be able to determine whether a calibration and/or calibration check is technically acceptable, and whether

the outcome is successful or unsuccessful.

e Operators must be familiar with the specific make and model of their spirometer, including the correct connection and use

of the 3 L syringe and spirometer settings to be used in the “check mode”.

e Calibration and/or calibration check reports must clearly indicate whether results fall within acceptable limits, providing a
documented record of quality control.

Equipment Integrity and Maintenance

e Damaged, aged, or worn components (i.e., syringes,
sensors, seals, adaptors) can lead to inaccurate or imprecise
spirometry results. If a calibration and/or

e If a calibration and/or calibration check fails, the spirometer calibration check fails,

must not be used for testing until the problem is identified testing must not proceed
and resolved. ) )

e The failed check should be repeated; if repeated failures ?n the SP'rometer Untl.l the
occur, the spirometer must undergo troubleshooting, issue is resolved. The issue

maintenance, or manufacturer servicing. must be documented.
e Allissues, failures, and remedial actions must be clearly

documented as part of quality assurance and governance

processes.

5.3.3 Test Display and Assessment Features
e The spirometer (or associated software) must display:
o Real-time flow-volume and volume-time curves to guide technique and assess test quality.
o The flow-volume curve must be displayed using a 2:1 aspect ratio (see Figure 1).
e Spirometers that can measure tidal breathing and FIVC are highly recommended to help the operator better assess test
quality.
5.3.4 Cleaning and Maintenance

e All spirometers must be cleaned and disinfected regularly, following the manufacturer’s instructions and local infection
control policies.

e After each use the spirometer and all adjacent surfaces, including any that the patient has come into contact with, should
be cleaned with disinfectant wipes.

5.3.5 Maintenance and Record-Keeping
e Services must maintain a spirometry equipment log, which includes:
o Spirometer history:

B Hardware and software updates.
B Changes to reference equations.

o Calibration and/or calibration checks including:

B Date and time of checks.
B Any errors or out-of-range readings.

o Documentation of any preventative maintenance or repairs performed.
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5.4 Quality Control

Quality control is the process of verifying that a spirometer is functioning within its specified accuracy range under real testing
conditions, independent of calibration or calibration checks.

Primary care spirometry is often performed without routine technical oversight, which means spirometer faults or performance
issues may go unnoticed if testing relies solely on calibration or calibration checks. Quality control is therefore an essential process
that confirms the device performs accurately in practice, not just during calibration.

While current international guidelines do not mandate these checks, they acknowledge their value and do not prohibit them. SPCO1
requires that quality control must be performed at regular intervals (see 5.4.2 Frequency Options) to detect potential equipment
issues under real-use conditions. It supports patient safety, aligns with good practice, and ensures consistent, reliable results in
variable primary care settings.®

Importantly, spirometry is not a simple plug-and-go test but a valuable diagnostic tool that demands a consistent and thorough
working process. Quality control measures must form part of routine quality assurance and be carried out regularly, or whenever
there is reason to suspect the spirometer has been damaged or is not functioning correctly. This requirement ensures spirometry
continues to deliver meaningful, clinically reliable results across all practice environments.

5.4.1 Key Considerations for Operators

The below points are the foundation of quality control for spirometry.

e Accuracy must be confirmed using either 3 L syringe verification or biological control.

e All checks must be documented.

e Any failed checks must be investigated, resolved and documented before testing can proceed.

Operators do not need to fully understand the underlying physics or technical calculations, but they must know how to apply these
principles in their daily work. For further information, refer to Appendix A.

5.4.2 Frequency Options

To accommodate differences in resourcing and technical expertise, services may adopt the following quality control check frequency
options. Whichever approach is selected; it must be documented and consistently applied.

Level

1. Gold Standard

Frequency

Daily

When

Every day the
spirometer is used,
ideally before the first
test.

Why

Detects drift or errors
immediately. Helps
ensure valid results for
all tests that day.

Method

3 L syringe verification
and/or biological
control under routine
test conditions.

2. High Standard

On the day of testing

At least once on each
day spirometry is
performed.

Confirms accuracy for
any day that results
will be relied upon.

3 L syringe verification
or biological control
before first test
session.

3. Good Practice

Weekly and after
events

Once per week and
after relocation,
updates, or major
environmental

Balances quality
control with
operational realities.
Short error detection

3 L syringe verification
preferred; biological
control acceptable if
syringe unavailable.

Requirement

scheduled servicing
only

servicing or
manufacturer’s
maintenance.

undetected errors.

changes. window.

4. Acceptable Monthly and after At least once per Meets minimal 3 L syringe verification

Minimum events month and after verification needs. preferred; biological
relocation, updates, or | Increased risk of control from a stable,
major environmental undetected errors. documented subject, if
changes. syringe unavailable.

5. Minimal Annual or pre- Only at annual Highest risk of Manufacturer service

calibration and
verification report as
sole evidence.
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5.5 Mobile spirometry testing requirements

e In addition to meeting the requirements detailed in Sections 5.1, 5.2, 5.3 and 5.4, when performing mobile spirometry
testing the following requirements must be met:

o Transport the spirometer and calibration syringe using appropriately padded equipment to minimise the risk of physical
impact that could compromise measurement accuracy.

o Do not use any spirometer or calibration syringe that has sustained physical damage during transit (e.g., dropped or
knocked); such equipment must be re-certified by the manufacturer before further use.

o Allow adequate time for the spirometer and calibration syringe to reach the same ambient temperature as the testing
environment.

o Ensure that the spirometer software is updated with the current ambient conditions (barometric pressure, temperature,
and relative humidity) at the testing location prior to beginning a mobile testing session.

o Perform a calibration and/or calibration check along with desired quality control measure before each mobile testing
session, in accordance with the manufacturer’s guidelines.

5.6 Infection Control

Appropriate infection control measures are critical to ensure the safety of both patients and healthcare workers.!**3

e Spirometry involves forced expiratory manoeuvres that may induce coughing that in turn may generate aerosols, posing a
potential risk for transmission of communicable airborne pathogens to staff and other individuals present.

e This risk is particularly relevant when testing patients with suspected or confirmed infections,
which is not recommended (see Section 5.2.1)

5.6.1 Approach to infection control

e Spirometry services must implement and maintain robust
infection control policies and procedures.

e All operators are responsible for adhering to these policies
and procedures to mitigate the risk of cross-contamination.

e To reduce the risk of transmitting airborne pathogens during
testing, the following minimum measures must be applied:

o Conduct spirometry in an appropriate clinical setting
(see section 5.2.1 testing environment)

o Defer testing for patients with known or suspected
communicable illnesses (e.g. acute respiratory
infections, influenza, COVID-19, pertussis).

o Clean equipment thoroughly between each test session
in accordance with the manufacturer’s instructions. A
cleaning log should be maintained for audit purposes.

o Promote hand hygiene, requiring staff and patients to
perform handwashing or sanitisation before and after
each test.

o Use single-use bacterial/viral filters (or disposable
mouthpieces, where applicable), as well as single-use
nose clips and spacers.

o Utilise appropriate personal protective equipment (PPE),
such as gowns, masks, eye protection and gloves, in line
with local infection control guidelines.

o Sterilise re-usable equipment using methods approved
by the manufacturer, when single-use alternatives are
not employed.

cb) TSANZ 2026 - SPCO1: TSANZ Technical Standards for Spirometry in Australian Primary Care 14



6.0 Testing
Sequence

6.1 Patient Experience and Engagement

e Delivering high-quality spirometry in primary care settings demands a patient-centred approach that acknowledges the
patient’s comfort, understanding, and emotional wellbeing.”
e Patient feedback highlights several practical and interpersonal factors that influence how spirometry is experienced.

e Key considerations to support a positive, respectful, and engaging testing environment, thereby improving both patient
satisfaction and the quality of results, are listed below.

Category Key Points

. Spirometry is generally well tolerated.
Test acceptability ) ) ) )
Any discomfort is temporary and manageable with appropriate support.

Offer tissues, water, and sputum containers without prompting.

Allow a toilet break before testing.

Eomioatand Avoid rushing; give short rest breaks between manoeuvres.

dignity
Provide a quiet space to rest afterwards.
Ensure privacy to protect dignity and reduce embarrassment or infection concerns.
During the time leading up to the testing, patients should receive written or digital information (e.g. video) as
pre-test preparation.
Clear Give clear verbal or written explanations before testing.
communication Provide calm, continuous encouragement during testing.
and coaching Adapt coaching style to the patient’s preference.

Avoid overly forceful or impersonal coaching.

Use language and instructions appropriate to the person’s culture and preferences.

Operator skill and attitude affect the patient’s performance.

Show empathy, patience, and encouragement.
Operators conduct

Check the patient’s readiness for each manoeuvre.
and empathy

Be sensitive to distress or anxiety.
Never express frustration at poor performance.

Recognise that some patients may be anxious about the test or results.
Managing

R s . Offer reassurance and keep a non-judgemental tone.
patients’ anxiety

Take extra care with those who feel vulnerable or embarrassed.

Provide written guidance in advance on medication use before testing, including any withholding times.

‘Medlcat'lon Advise not to withhold relievers if needed for acute symptoms.
instructions
Send a reminder about these instructions approximately one week before testing.
Accessible Ensure equipment can be adjusted for different body sizes, postures, and comfort needs.
and.adjustable Use adjustable chairs and equipment to improve test quality and reduce discomfort, especially for people with
equipment mobility issues.
Share spirometry results with patients in a meaningful way.
H t]
Patlent.s Explain how habits, treatment, or conditions may influence results.
education

Discuss steps they could take to improve lung function if possible.
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6.2 Pre-Test Preparation

6.2.1 Set up the spirometer and testing area according to Sections 5.3.2.

6.2.2 Establish rapport to reduce the patient’s anxiety and improve cooperation.
6.2.3 Verify patient identity in accordance with organisational protocols.

6.2.4 Confirm the test indication as stated by the requesting healthcare provider.

6.2.5 ldentify any contraindications or clinical concerns that may affect testing, which may include, but
are not limited to:®

e A respiratory tract infection

e Confirmed or suspected communicable disease

e Haemoptysis

e Unstable cardiovascular conditions

e Thoracic, abdominal, or cerebral aneurysm

e Recent pulmonary embolism

e Recent pneumothorax

e Recent thoracic, abdominal, cerebral, cranial or ocular surgery

e Late term pregnancy

e Physical discomfort that may be worsened by testing.
Spirometry should be discontinued if the patient experiences pain during the manoeuvre. Relative contraindications do not preclude

spirometry but should be considered when ordering spirometry.

The decision to conduct spirometry is determined by the ordering healthcare professional based on their evaluation of the risks and
benefits of spirometry for the patient. Potential contraindications should be included in the request form and/or communicated to
the operator.

Consider rescheduling if any of the above
could compromise test validity.

6.2.6 Document recent activities that may
influence test results, including:

e Vigorous exercise

e Smoking or vaping

e Alcohol consumption

e Wearing tight clothing

e Consuming a heavy meal immediately prior to testing.

6.2.7 Determine if respiratory medications should have been withheld prior to testing. If uncertain,
consult the referring clinician before proceeding.
e The need to withhold medication depends on the clinical question being addressed.
e Recommended withholding times for diagnostic spirometry using a post-bronchodilator response.®
o short-acting beta agonists (SABA) — 4 to 6 hours
o long-acting beta agonists (LABA) — 24 hours
o short-acting muscarinic antagonists (SAMA) — 12 hours
o ultralong-acting beta agonists (Ultra-LABA) — 36 hours
o long-acting muscarinic antagonists (LAMA) — 36 to 48 hours

For spirometry intended to monitor effectiveness of therapy, the requesting clinician may determine a clinically appropriate
medication-withholding regimen.
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6.2.8 Measure and record patient height and weight using validated instruments:
e Patient should stand tall and straight without shoes or hat, feet together, back against the wall, eyes level.
e For patients unable to stand, use documented or previously recorded height from reliable medical records.

e Estimation of height from arm span calculation can be utilised, where relevant.

6.2.9 Enter demographic and clinical details accurately into the spirometer software.* Operators must
be aware that patients may be sensitive to the collection of these details. If needed, explain why these
are important when calculating reference values for spirometry and interpreting the results.

e Height (to one decimal place in cm, e.g. 166.4 cm)

e Weight (to the nearest 0.5 kg, e.g. 96.5 kg)

e Age (calculated to one decimal place from date of birth)

e Sex at birth — if needed, explain the need for birth sex in spirometric prediction and respect gender identity; document if not
disclosed.

e Ethnicity — explain the need for documenting ethnicity relating to spirometry reference values. Document on spirometry
report if not disclosed.

e Smoking status (including vape use and water pipe use).

e Respiratory medication use — record type, dose, and time of last use (if applicable).
6.2.10 Ensure the patient is seated with upright posture, feet flat on the ground, arms uncrossed.

6.2.11 Clearly explain the test purpose, the relevance of demographics and history, what is measured,
any contraindications, how to perform the manoeuvre, and that it may be challenging or cause some
discomfort.

6.2.12 Inform the patient about the test duration, use of a nose clip, the need for maximal effort and
at least three (3) repeatable attempts, and the option to remove false teeth, if preferred.
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6.3 Performing the Test

Spirometry can be tested by either an open or closed-circuit method.

In the open circuit, the patient takes a maximal inspiration from room air, inserts the mouthpiece into the mouth, and then blows out
as fast as they can until the end of test criterion is met.

In the closed circuit, the patient inserts the mouthpiece into the mouth and breathes steadily for a few breaths (tidal breathing),
takes a maximal inspiration, and then blows out as fast as they can until the end of test criterion is met.

The spirometer instructions should direct the operator as to which method is recommended for use, although most spirometers will
allow performance of open circuit spirometry.

Itis recommended that a maximal forced inspiratory manoeuvre (FIVC) is performed at the end of each forced expiration manoeuvre.
The decision to measure the FIVC is made by the operator who bases their judgement on whether the FIVC is suitable for the
specific clinical setting and patient (see 6.4 Forced Inspiratory Vital Capacity).

6.3.1 Attach a new single-use filter or a disinfected reusable mouthpiece to the spirometer.

6.3.2 Demonstrate the forced expiratory manoeuvre with the appropriate level of effort.

e If a live demonstration is not feasible, a pre-approved instructional video may be used.

6.3.3 Apply a nose clip to encourage mouth-only breathing. This is highly recommended but not
mandatory.

6.3.4 Provide test instructions according to the spirometer instructions, whether the open or closed-
circuit manoeuvre is being performed, or whether an FIVC manoeuvre is required.

The following test instructions are offered as a guide recognising that the operator will have received training or have considerable
experience in the conduct of spirometry to achieve diagnostically valid measurements.

For closed circuit spirometry including FIVC manoeuvre For open circuit spirometry, excluding the FIVC manoeuvre
Instruct the patient to: Instruct the patient to:
1. Sit upright and place the mouthpiece in their mouth, 1. Exhale away from the spirometer.
sealing their lips tightly around it. 2. Inhale rapidly to total lung capacity.
Breathe normally for a few tidal breaths. 3. Without exhaling, place lips tightly around the
Inhale rapidly to TLC (maximum inspiration). mouthpiece (<2 seconds delay acceptable).
4. Without hesitation (<2 seconds delay acceptable), 4. Exhale forcefully and completely in a single, continuous
exhale forcefully and fully in a single, continuous breath. breath.
5. Immediately inhale again at maximum effort to TLC to 5. Suggested instructions: “During the test, | will ask
perform the FIVC. you to take your biggest breath in, (until your lungs
6. Suggested instructions: “During the test, | will ask are completely full), place your lips firmly around the
you to take a few normal, relaxed breaths through the mouthpiece with a QOOd seal. When | say “blow’ you
mouthpiece with your lips and teeth firm, then take your neeg’ to blast the air out as fast and as long as you can
biggest breath in, (until your lungs are completely full). until your lungs are completely empty.

When | say ‘blow’ you need to blast the air out as fast
and as long as you can until your lungs are completely
empty. When you are empty, I'll ask you to take another
big breath in until you are full.”

6.3.5 Maintain strong verbal encouragement for the patient during each manoeuvre:

” o«

e Examples include: “Keep going,” “Keep blowing,” “Empty those lungs.”

e Ensure upright posture, with lips tightly sealed around the mouthpiece and chin in a neutral position throughout the
manoeuvre.

e Observe the patient closely during the test for any signs of light-headedness or discomfort.

e Provide the patient with feedback about their test performance, suggesting changes in technique if needed, before
repeating the manoeuvre.

e Explain and demonstrate the correct technique if needed.

e Complete the testing session when all acceptability and repeatability criteria are achieved (sections 6.6.1 and 6.7.3), or a
maximum of eight (8) trials pre- and (if necessary) eight (8) post-bronchodilator trials are tried.
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Figure 1. An acceptable maximal spirometry trial. The flow-volume graph has a fast start and sharp peak with a
smooth drop to zero flow (also shows the initial tidal breath and inspiration prior to the fast breath out, followed by
the big breath when the lungs are empty, the forced inspiratory vital capacity). There is a steep slope at the start of

the volume-time curve with a plateau at the end of expiration.’
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6.4 Forced Inspiratory Vital Capacity (FIVC)

While not a mandatory requirement, performing an inspiratory loop provides a complete flow—volume loop that improves
interpretation by:”

o Confirming full lung inflation prior to forced expiration;

o Improving quality assurance through FIVC — FVC comparison and,

o lIdentifying upper airway obstruction.

e [If the spirometer is capable of measuring FIVC, instruct the patient to inspire maximally at the end of forced expiration to
complete the full flow-volume loop.

e Coach the patient to perform a rapid and maximal inspiration to return to TLC.

e Ensure consistent coaching effort is applied during expiratory and inspiratory efforts. Equal emphasis is essential to enable
valid comparisons and accurate interpretation of the manoeuvre.

e Compare the FIVC with the FVC to assess whether the patient initiated the forced expiratory manoeuvre from full inflation
(see Figure 1).

e A significant difference (i.e. FIVC larger than FVC) may indicate submaximal inhalation prior to expiration (see Figure 2).

e For the FVC to be valid:
o FIVC-FVC must be <0.10 L or <5% of FVC, whichever is greater.”

o If this criterion is not met, repeat the test with specific emphasis on fast and full inspiration before exhalation.

expfired
volume (4 1) :

b\ mseived T
volume (4:81) ;

Flow [L/s]

Volume [L]

Figure 2. An unacceptable test where the subject did not reach total lung capacity before exhaling,
as shown by the inspiratory volume (FIVC) exceeding the FVC by >0.10 L or >5%.

Both FEV1 and FVC are invalid.

6.5 Bronchodilator Responsiveness Testing

e The decision to perform bronchodilator responsiveness testing is clinical in nature and should be strongly considered when
asthma or other obstructive conditions are suspected.

e This may include testing in those with documented lung disease or when abnormal spirometry results are recorded
regardless of documented medical history.

e Each spirometry service must have a standard operating procedure in place that defines when and how bronchodilator
testing is conducted.
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6.5.1 Testing Protocol

It is the responsibility of the spirometry service to specify the exact procedure in use.

Stage Key Points

Explain how and why the bronchodilator will be given.
Pre-Test

. Advise that testing will restart at least 10 minutes after administration.
Preparation

Administer standardised bronchodilator therapy.

Deliver four (4) separate doses of 100 ug of a short-acting beta-2 agonist (SABA) (e.g. salbutamol).
Bronchodilator Record expiry date and batch number of the SABA.
Administration Check patient allergies before administration.

Use a metered-dose inhaler with a spacer, giving each dose about 30 seconds apart.

After a gentle, incomplete breath out, start a slow breath in from the spacer while pressing the inhaler.

Technique for Keep inhaling until total lung capacity (TLC) is reached.

Inhalation
Hold the breath for 5-10 seconds before exhaling.
Post-
Bronchodilator Repeat spirometry at least 10 minutes after the last bronchodilator dose to ensure full effect.
Spirometry

6.6 Quality Assessment and Feedback

e Operators must continuously observe the patient and monitor flow-volume and volume-time curves in real time, noting any
anomalies or technical issues.

e Evaluate the acceptability of each manoeuvre according to criteria outlined in section 6.6.1 (see 6.6.3 Common Technique-
Related Errors).

e Provide immediate feedback to the patient to correct technique.

e Continue testing until three (3) acceptable pre-bronchodilator manoeuvres are achieved, and, if performed, three (3)
acceptable post-bronchodilator manoeuvres are achieved.

e Provide feedback to the patient if technique issues are suspected.

e Although not used for interpretation, PEF is useful to assess patient effort and start-of-test acceptability.

6.6.1 Acceptability Criteria
e An acceptable manoeuvre must meet all the following:®
e Full inspiration before forced expiration.
e Rapid start to expiration (back extrapolated volume <5% of FVC or <0.10 L, whichever is greater).
e Peak Expiratory flow time of < 0.15 ms, indicating the time it takes to achieve the 90% of peak flow.
e No cough, leak, or artefact during the manoeuvre.
e Continuous maximal expiration with one of the following:
o A plateau in the volume-time curve (<0.025 L change over 1 second), OR
o Expiratory time =15 seconds, OR
o FVCis within 0.15 L of the largest previous FVC when plateau is not achieved.
e Forinspiratory loops: FIVC must not exceed FVC by >0.10 L or >5% of FVC (see 6.4 for detail).

6.6.2 Characteristics of Poor-Quality Efforts

e High-quality spirometry is characterised by multiple acceptable and repeatable manoeuvres that overlay closely when
graphed—demonstrating minimal variability in both curve shape and measured values.

e In contrast, poor-quality tests often display significant inconsistency across attempts, indicating variable effort or technique-
related error.

e Real-time visual assessment of the flow-volume and volume-time curves is a critical tool for recognising poor technique.
e Operators must be trained to identify these patterns and respond with targeted feedback to the patient being tested.

e Most errors can be corrected with effective reinstruction and repeat attempts.
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6.6.3 Common Technique-Related Errors’
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Figure 3. Glottic closure during forced expiration, producing abrupt termination or flattening of the expiratory curve.
This may mimic airflow limitation (e.g., vocal cord dysfunction) but is often resolved with instruction on sustained effort.
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Figure 4. Submaximal or variable effort, resulting in poor peak expiratory flow (PEF) and inconsistent curve shapes between trials.

Reiterate the need for maximal inhalation and forceful, sustained exhalation.
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Figure 5. Delayed start of expiration, also referred to as a slow start or hesitation. Identified by a rounded or sloped rise at the start of the flow-
volume curve and an elevated back extrapolated volume (BEV). BEV must be <5% of FVC or <0.10 L, whichever is greater.
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Figure 6. Cough within the first second of exhalation which can artificially alter FEV1 and invalidate the manoeuvre.
Encourage the participant to clear their throat and retry after resting.
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Figure 7. Obstruction from the tongue or teeth, which distorts flow patterns and reduces peak flow. Instruct the patient
to position their tongue beneath the mouthpiece.
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Figure 8. A slow start to expiration results in a delayed peak on the flow-volume curve. In this example, the rise time
from 10% to 90% of peak expiratory flow is 0.32 ms, exceeding the recommended maximum of 0.15 ms.
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e Additional common issues include:

o Incomplete inspiration or expiration, leading to reduced FVC and flattened curve endpoints. Emphasise full inhalation
before the manoeuvre and continuous exhalation until a plateau, or exhaustion, is reached.

o Mouth leaks, often seen in those with dental appliances or poor lip seal around the mouthpiece.

o Poor posture, especially leaning forward excessively, which can mechanically limit full lung expansion and compress
the airway. Encourage upright, seated positioning with the head slightly elevated.

o Vocalisation or unintentional noise during exhalation, which interferes with the airflow signal. May be indicative of poor
technigue or misunderstanding.

o Lack of understanding or cooperation, patients with cognitive impairment, or language barriers. Visual demonstrations
and simple, clear instructions improve compliance.

6.6.4 Remediation Strategies
e Operators must remain engaged throughout the testing process—monitoring the curves in real time, listening for audible
cues of poor technique, and providing immediate feedback.

e The use of encouraging, clear instructions combined with demonstration and positive reinforcement has been shown to
improve success rates, particularly in populations with higher test failure risk.®

e Regular training and competency assessment of operators is essential to maintain high standards and reduce the incidence
of poor-quality testing.

cb) TSANZ 2026 - SPCO1: TSANZ Technical Standards for Spirometry in Australian Primary Care 25



6.7 Test Finalisation

6.7.1 Documentation Requirements

The spirometry report must include the below comments by the operator.

Operator Comment Details to Record

P ibed irat .
res.crl .e respiratory Type, dose, and time taken.
medication
Bronchodilator Type, dose, and time interval between administration and testing.
Patient effort and Observations about how well the patient performed the manoeuvres, including any difficulties
technique or issues.
Acceptability Whether the test meets the Acceptability Criteria (see section 6.6.1).
Repeatability Whether the test meets the Minimum Quality Standard (see section 6.7.3).

6.7.2 Repeatability Criteria

A test session is considered repeatable when:®
o At least two (2) acceptable FEV1 values are within 0.15 L of each other.
o At leasttwo (2) acceptable FVC values are within 0.15 L of each other.

6.7.3 Minimum Quality Standard

Operators must achieve a minimum quality grade of A or B for both FEV1 and FVC.
Grade A: At least three (3) acceptable manoeuvres, with repeatability for both FEV1 and FVC.®
Grade B: At least two (2) acceptable manoeuvres meeting repeatability for both FEV1 and FVC.®

If these criteria are not met, the quality grade must be documented, and a comment included to support interpretation
as the information gathered may still provide clinically useful information with the use of clinical judgement, informed by
operator comments on test quality.

Submaximal or poor efforts are unlikely to meet the required standards. Operators must strive to obtain at least three
acceptable and repeatable efforts to ensure the accuracy and reliability of results.

Grade Number of Acceptable Measurements Repeatability (FEVa1 and FVC - grade separately)
A > 3 acceptable Within 0.150 L
B 2 acceptable Within 0.150 L
C > 2 acceptable Within 0.200 L
D > 2 acceptable Within 0.250 L
E > 2 acceptable OR >0.250LOR
1 acceptable N/A
U 0 acceptable AND = 1 usable N/A
F 0 acceptable AND 0 usable N/A

Grading must be performed separately for FEV1 and FVC.
Repeatability applies to the difference between the two largest values of FVC and FEV1, respectively.

Grading is assessed separately for pre-bronchodilator manoeuvres and post-bronchodilator manoeuvres.
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e Grade U indicates that no acceptable manoeuvres were achieved, but one or more manoeuvres were usable for
interpretation.

e Grade F indicates no acceptable and no usable manoeuvres.

e While lower grades (e.g., C-E, U) may still yield data for interpretation, the primary goal must always be to achieve the
highest possible quality (Grade A) for every patient.

e Abbreviation: N/A = Not Applicable

N . Maximal inspiration prior to manoeuvre
7 Explain and demonstrate ) }
Fast, maximal blow with no delay
No evidence of leak, cough or other
W artefacts
a . Achieved at least 1 end of effort criteria
? Perform a spirometry manoeuvre
- Expiratory plateau (£0.025 Lin last 1 s
of blow)
N2 - Expiratory time 215s
) . o - the individual cannot expire long
| — ——  Does this meet acceptability criteria?  ——> .
e I acceptability criteria enough to achieve a plateau and the
FVCis within 0.15 L of or is greater
d Yes than the largest prior observed FVC.
<8
trials €— No — Achieved 3 acceptable manoeuvres?
Yes
A4
€ No —| Are>2acceptable efforts repeatable? > Atleast2ofthe 3 acceptable FEV, and
FVC are within 0.15 L
Yes

Report largest FEV, and FVC. The 3 acceptable flow-
volume and volume-time curves and corresponding
absolute values are displayed in the report.

Vv

Spirometry operator records technical comments

Doctor undertaking assessment to interpret results

Vv

Initiate appropriate clinical actions

Vv

Store results as per requirements

Figure 9. Process for performing spirometry.
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6.8 Unsuccessful Attempts and Test Termination

e In some cases, obtaining three acceptable and repeatable manoeuvres may be challenging despite repeated coaching and
instruction.

e Do not exceed eight (8) attempts for pre-bronchodilator testing and, if applicable, eight (8) attempts post-bronchodilator.

e |[f acceptable and repeatable results cannot be achieved within these limits, terminate the session and consider
rescheduling the test for another occasion.

e The operator must document a comment on test quality, including:
o The number of attempts performed
o Reasons for non-acceptability or non-repeatability

o Any relevant observations regarding patient performance or limitations.
6.9 Selection of Reported Results

6.9.1 For interpretation purposes, report:
e The largest FEV1 and largest FVC values from all acceptable manoeuvres.

e These values may be obtained from different manoeuvres and are used to calculate the FEV1/FVC ratio.

6.9.2 The spirometry report must display the absolute values from at least three (3) acceptable
manoeuvres and the corresponding flow-volume curves.
e |f bronchodilator responsiveness testing is performed, ensure the report includes:
o Three (3) acceptable pre-bronchodilator values and flow-volume curves, and

o Three (3) acceptable post-bronchodilator values and flow-volume curves.

6.9.3 Refer to sample report for formatting and final report requirements (Appendix D — Sample
Spirometry Report).
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7.0 Reporting and
Interpretation

While spirometry can reveal characteristic patterns of abnormality,
it should not be used in isolation to make a definitive diagnosis of

a specific respiratory condition. Health professionals interpreting
results must be able to assess and comment on the technical quality
and acceptability of the test, ensuring reports are clear, concise, and
clinically relevant to the reason for referral.”

All final reports, together with their raw data, must be securely stored in a format that allows easy retrieval, review, and printing
(if required). Interpretation must follow the most recent internationally recognised standards for routine lung function testing.

Any test terminated for safety reasons or because the patient could not continue must be clearly documented and communicated
to the most appropriate clinician.

7.1 Selection and Application of Reference Equations!+?’

The Global Lung Initiative (GLI) 2012 reference values must be used for all spirometry conducted.
e The GLI spirometry dataset is derived from a large, internationally representative sample of healthy, non-smoking
individuals, providing robust and contemporary reference values across a wide range of ethnic groups.

e For patients of Aboriginal and/or Torres Strait Islander background, the “GLI Other” category must be selected, unless the
GLI Global dataset is used.

e The GLI dataset includes reference groups for North-East and South-East Asian populations; however, not all countries
from these regions are represented. In such cases, choose the group that best fits the patient, based on their own
description and clinical judgement.

e In cases of serial testing consistent ethnicity should be assigned and if another is assigned this should be highlighted in
the report, to reduce the risk of incorrect interpretation and subsequent clinical decisions.

e The GLI Global dataset, which removes the need for ethnicity-based selection, may be used where available however, the
GLI 2012 reference values must remain the minimum standard until broader implementation is supported.
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7.2 Spirometry Interpretation

7.2.1 Evaluation of Flow-Volume Curve Quality

A thorough review of the flow—volume curve is a critical component of spirometry interpretation, as its shape and morphology
provide an immediate visual impression of test quality and potential ventilatory abnormalities.

Irregularities such as a delayed or inconsistent rise in flow, abrupt terminations, cough artefacts, or flattening of the inspiratory or
expiratory limbs may indicate poor technique, suboptimal effort, or underlying airway obstruction.

The curve must always be considered alongside operator comments, which document test acceptability and repeatability, helping
to contextualise any anomalies in the graphical display or numerical results. In a well-executed manoeuvre, the curve will show a
sharp rise to peak flow followed by a smooth, continuous expiratory descent to plateau (Figure 1).

7.2.2 Spirometry Interpretation using Z-scores

Accurate interpretation of spirometry results is essential for identifying and grading lung function impairment. This standard adopts
z-score—based interpretation, which provides a statistically robust and age-adjusted method, reducing the risk of misclassification
that can occur with traditional percent predicted thresholds.®

To ensure consistent and reliable reporting, all health professionals interpreting test results, regardless of whether they perform
the test, must be trained in the use of z-scores and their application to clinical decision-making. While impairment grading can help
guide care, it should always be considered alongside the broader clinical picture, including symptoms, functional status, imaging,
and comorbidities.

The below summarises the key principles and rationale for interpreting spirometry results using z-scores, along with important
considerations for grading impairment.

e Spirometry results must be interpreted using z-scores.

e Lung function impairment exists on a continuum and should be interpreted with caution when assigning severity grades.

e Historically, severity of airflow obstruction was classified using percent predicted FEV1 thresholds (e.g., 70%, 60%, 50%,
35%). This method does not provide consistent grading across ages and may lead to misclassification, especially in older
adults.

e Z-scores provide a statistically robust method of interpretation that accounts for the normal variability in lung function
across populations and age groups, particularly for patients at the extremes of age.

e Z-scores allow for consistent identification of values below the lower limit of normal (LLN), typically defined as a z-score of
—1.65, which corresponds to the 5th percentile of the healthy population distribution.

e This approach reduces misclassification of disease, particularly in older or younger patients, where percent predicted values
may be misleading.

e This approach also aligns more closely with risk of adverse outcomes such as all-cause mortality and provides a more
uniform interpretation across age groups.

e Lung function severity does not equate to disease severity. Overall clinical assessment should consider symptoms,
functional status, imaging, and other relevant comorbidities.

e Tools such as validated symptom questionnaires may support this broader assessment but fall outside the scope of this
procedure.

e The three-tier grading system based on z-scores is below.

Severity Z-score range
Mild -1.65t0-2.5
Moderate -251to-4
Severe <-41

e Validated symptom and quality of life questionnaires and tools (such as mMMRC, CAT, tests of asthma control) may support
this broader assessment but fall outside the scope of this standard.
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7.2.3 Interpretation of Spirometry Parameters

The core parameters used in the clinical interpretation of spirometry include:
Forced Expiratory Volume in 1 Second (FEV)

o used to quantify the degree of airflow limitation

Forced Vital Capacity (FVC)

o assists in identifying restriction or air trapping

FEV1/FVC Ratio

o s critical for detecting obstructive patterns

Interpretation must be based on z-scores, as discussed above, with the lower limit of normal (LLN) typically set at the 5th
percentile (z-score < -1.65).2

Values below the LLN (z-score <-1.65) for these parameters suggest abnormal lung function and should prompt further
clinical assessment.

Borderline values should never be interpreted in isolation — consider patient history, symptoms and risk factors (e.g., a
slightly reduced FEV /FVC in a 65-year-old smoker with dyspnoea may be more significant than the same resultin a
healthy young adult).

In borderline cases or uncertainty consider repeat spirometry and/or referral for laboratory-based lung function testing.

7.3 Bronchodilator Responsiveness Interpretation

7.3.1 Assessment Criteria

Bronchodilator responsiveness (BDR) must be evaluated by calculating the change in FEV1 and/or FVC relative to the
predicted value.®

A BDR is considered present when there is an increase of >10% of the predicted value in either FEV1 or FVC following
bronchodilator administration. See Appendix B for an example.

7.3.2 Rationale for Use

This approach minimises the influence of baseline lung function, height, birth sex, and age.

Itis more reliable than methods based on absolute change or percent change from baseline, which are no longer
recommended for defining BDR.

7.3.3 Reporting Requirements

Report the pre- and post-bronchodilator values of FEV1 and FVC.

Calculate and report the change as a percentage of the predicted value.

7.3.4 Notes on BDR Interpretation

A change of >10% of predicted does not equate to a 10% change from baseline; clinical context must always be
considered.

BDR in FVC may better reflect air trapping in some patients and should be interpreted accordingly.

7.4 Longitudinal Monitoring

When applicable, results should be compared with previously obtained values from the same patient to detect changes
over time.

Significant longitudinal decline in FEV1 or FVC may indicate disease progression, treatment failure, or adverse effects of
workplace exposures.

A sustained decline in FEV, or FVC, expressed in GLI % predicted exceeding the expected annual variability (>15% from
baseline) warrants further evaluation.® 1©

See Appendix C for example.
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8.0 Typical Patterns

of Spirometry
Abnormalities

8.1 Obstructive Pattern (Airflow Limitation)

e Airflow obstruction is characterised by an inability to expire air rapidly, reflecting a
narrowing or collapse of the airways.

e Common causes include asthma, chronic bronchitis, and chronic obstructive
pulmonary disease (COPD).

e Obstruction may be due to excess mucus, airway inflammation, bronchial muscle
contraction, or loss of airway integrity.

e |ndicative spirometry findings:
o FEV1/FVC ratio is below the LLN (z-score < -1.65).
o FEV1may or may not be below the LLN depending on the severity of obstruction.

o Flow-volume curve shows a distinct concave or “scooped” appearance on
expiration.

8.2 Restrictive Pattern (Reduced Lung Volume)

e Restriction is suggested when total lung capacity is reduced, often due to interstitial
lung disease (such as pulmonary fibrosis), pleural disease, chest wall abnormalities,
or respiratory muscle weakness.

e While spirometry can indicate a restrictive pattern, definitive diagnosis requires lung
volume testing, typically performed in a specialist respiratory facility.

e |ndicative spirometry findings:
o FVCis below the LLN (z-score < -1.65).
o FEV1/FVC ratio is normal or increased (z-score > -1.65).
o Flow-volume curve shows reduced volume with a steeper slope.
o

Diagnosis must be confirmed by lung volume measurements (e.g., body
plethysmography or gas dilution studies).

o Symptomatic patients with a FVC below the LLN should be referred for further
lung function testing (e.g., Diffusion capacity of the lungs for carbon monoxide
(DLCO) and/or chest imaging).

8.3 Mixed Pattern (Obstruction and Restriction)

e A mixed pattern is characterised by the presence of both airflow obstruction and
reduced lung volumes.

e This may be seen in patients with co-existing obstructive and restrictive lung
diseases.

e Indicative spirometry findings:
o FEV1/FVC ratio and FVC are both below the LLN (z-score < -1.65).
o FEV1is below the LLN (z-score < -1.65).
o Flow-volume curve demonstrates both a concave shape and reduced volume.

o Refer for full lung function testing.
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10.0 Appendix A

— Quality Control

Quality control in spirometry is the process of making sure the
spirometer is accurate, reliable, and ready for use before testing

a patient’s lung function. It involves regular checks such as
verification with a known reference (like a 3 L syringe), or biological
controls to detect any problems before they affect results. By
confirming that the spirometer is performing within its specified
accuracy range under real-world conditions, quality control
protects the integrity of test results, supports correct clinical
decision making, and maintains confidence in the testing process.

10.1 BTPS Corrections

Correction of spirometer readings for ambient barometric pressure, temperature and moisture saturation is important to obtain
an accurate measurement when testing patients, however this is not needed when using a 3 L syringe which is operating in the
same conditions as the spirometer itself.

How It Works
Temperature Adjusts for body temp (37°C) Warmer air expands, BTPS ensures correct lung volume.
Pressure Adjusts for local air pressure Weather or altitude changes can affect readings.
Saturation Adjusts for moisture in air Lungs are humid; spirometry must account for this.

10.2 3 L Syringe Verification

3 L syringe verification checks confirm that the spirometer is accurate for day-to-day use.

Note: This is different from calibration and calibration checks. 3 L syringe verification confirms the spirometer is still measuring
accurately outside of the calibration mode before testing patients.

Operators are encouraged to undertake spirometry training, where practical demonstrations of 3 L syringe verification can be
provided, along with simple tools and techniques to support accurate and consistent performance of this process.

Essentials for 3 L Syringe Verification

e BTPS is turned OFF or the spirometer is set into “calibration check mode” during verification (to avoid false
adjustments). BTPS must be turned on, or check mode discontinued, prior to resuming patient testing.

e The standard volume for checking calibration is the 3 L syringe which is delivered at low, medium and fast flow rates.

e Record every check in the logbook or store results with spirometer software.

e |If the spirometer fails, repeat the verification and if the spirometer is constantly failing, stop testing until it is fixed.

<
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Overview

1. Set up the spirometer and turn BTPS OFF.

Connect the 3 L syringe and test at slow, medium, and fast speeds.
Readings must be within +3% (2.91-3.09 L).

Record the results.

Recheck if readings are outside the acceptable range

Troubleshoot and fix any problems before testing patients.

After the 3 L syringe verification, turn BTPS back ON for patient testing.

N o ok~ W

Tip: Most spirometers display the BTPS setting clearly. Always double-check before starting a test.

10.3 Biological Control

Biological control checks confirm the spirometer is accurate by using a healthy person with stable lung function as a reference.
Note: This is not required by international standards, but it is allowed and is a valid way to keep test quality high.

Operators are encouraged to undertake spirometry training to learn effective techniques for performing biological controls, tracking
results, and applying simple troubleshooting methods.

What Operators Need to Know

e Biological control is an alternative to the 3 L syringe verification and can be easier for some services.
e Use a healthy staff member with stable lung function for the check.
e Record the results in the logbook.
e If results drift outside the expected range, check the equipment before testing patients.
Overview
e Test a healthy staff member who has no respiratory illness.
e Record FEV1and FVC values.
e Compare the results to their usual range (mean + 5%).
e If results are outside range, repeat the test and check the equipment.

e Record the results and any actions taken.

cb) TSANZ 2026 - SPCO1: TSANZ Technical Standards for Spirometry in Australian Primary Care 35



11.0 Appendix B

— Determination of
Bronchodilator Response (BDR)

To assess the presence of a significant bronchodilator response (BDR), use the following formula:’

BDR (%) = (Post-Bronchodilator Value (L) — Pre-Bronchodilator Value (L)) x 100
Predicted Value

e Use either FEV1 or FVC for this calculation.

e The predicted value must be derived using either GLI (2012) or GLI (Global) equations appropriate to the patient’s age,
birth sex, height, and ethnicity (for GLI Global).

e A BDR of >10% of the predicted value is considered clinically significant.

Example

Patient details:
e Age: 28.0 years
e Birth sex: Male
e Ethnicity: Caucasian
e Height: 175.0 cm

Spirometry results
e Pre-bronchodilator FEV1: 4.41 L
e Post-bronchodilator FEV1: 4.65 L
e Predicted FEV1 (GLI Caucasian): 4.39 L

Calculation

(4.65 - 4.41) x 100 0.24 x 100
439 439

BDR =

= 5.5%

Interpretation

e The BDR is 5.5% of the predicted value.

e Thisis below the 10% threshold and does not meet the criteria for a significant bronchodilator responsiveness.
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12.0 Appendix C

— Longitudinal Monitoring
E]]E

The following example illustrates how to appropriately assess
changes in spirometry over time in a patient.

A 25.5-year-old Aboriginal female, 170.5 cm tall, undergoes baseline spirometry as part of a routine respiratory health
assessment. Predicted values are based on the GLI Other reference equations.

Her initial lung function is:

e FEV1:3.48L (103.1% predicted, LLN = 2.74 L, z-score 0.262)
e FVC:3.94L (100.8% predicted, LLN = 3.16 L, z-score 0.070)
e FEV1/FVC:0.88 (101.7% predicted, LLN = 0.762, z-score 0.267)
Her spirometry is within normal limits, and she reports no respiratory symptoms or use of respiratory medications.
At age 30.0, repeat testing is conducted. She remains asymptomatic and continues to report no use of respiratory medications.
Her results are:
e FEV1:3.31L (95.1% predicted, LLN = 2.65 L, z-score -0.004)
e FVC:3.87 L (99.4% predicted, LLN = 3.15 L, z-score -0.051)
e FEV1/FVC: 0.81 (95.2% predicted, LLN = 0.750, z-score 0.009)
Lung function remains within normal limits. The decline in FEV1 from 103.1% to 95.1% predicted over this five-year period

reflects a change of 8.0%, which is within acceptable limits.

At age 33.6, she presents for another assessment. She continues to report no symptoms or use of respiratory medications. Her
results are:

e FEV1:2.85L (87.6% predicted, LLN = 2.599 L, z-score -1.019)

e FVC:3.79L (98.0% predicted, LLN =3.131 L, z-score -0.170)

e FEV1/FVC: 0.75 (81.9% predicted, LLN = 0.741, z-score -1.495)
Spirometry remains within normal limits, but her FEV1 has declined by 15.5% relative to her baseline (after adjusting for age-

related changes using GLI equations).

This exceeds the 15.0% threshold for significant age-adjusted decline, highlighting the importance of longitudinal assessment
even in asymptomatic patients with spirometry within normal limits.?
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13.0 Appendix D

— Sample Spirometry Report

ID: Age: 28
Sex at Birth Male Height 157.8 cm Asthma Possible
Ethnicity Caucasian Weight 82 kg BMI 32.9 COPD --
Smoker No
Comment Age: 28.1
Wt: 81.6kgs
FVL (ex/in) Your FEV1 / Predicted: 95%
Test Date 20/02/2025 12:30:45 PM Interpretation - BTPS (IN/EX) 1.09/1.02
Post Time 20/02/2025 12:48:14 PM Predicted Quanjer (GLI), 2012
Pre Post
Parameter Best LLN Z-Score %Pred Pred Trial5 Trial1 Trial 4 Best Z-Score %Pred Chg %Chg Trial2 Trial 1 Trial 3
FVC[L] 4.64 3.32 1.10 13 41 4.64 4.51 4.61 4.62 1.05 12 -0.02 -1 4.62 4.55 4.56
FEV1[L] 3.32 2.79 -0.39 95 3.48 3.21 3.32 313 3.31 -0.42 95 -0.01 0 3.31 3.24 3.19
FEV1/FVC 0.714* 0734  -193 - 0848 0.692* 0.735 0.680* 0.716* -1.91 - 0.001 0 0716* 0.713* 0.699*
FEF25-75[L/s]  2.06* 240 -2.03 54 3.81  2.06* 250 198* 2.37* -1.68 62 0.31 15 237 225  2.12*
PEF [L/s] 9.09 - - - - 8.37 7.92 9.09 8.78 - - -0.31 -3 8.53 8.78 8.61
FET [s] 12.9 - - - - 12.9 1.6 1.8 12.2 - - -0.7 - 12.2 11 12.3
FIVC[L] 4.51 332 0.82 110 4.1 4.06 4.30 4.26 4.16 0.1 101 -0.34 -8 4.07 4.16 4.09
PIF [L/s] 4.48 - - - - 3.85 4.99 4.01 4.01 - - -0.47 -1 4.15 4.01 4.38
* Indicates value outside normal range or significant post change.
Session Quality Pre FEV1 - A, FVC - A (FVC Var=0.03L (0.7%); FEV1 Var=0.11L (3.2%))
Post FEV1 - A, FVC - A (FVC Var=0.06L (1.3%); FEV1 Var=0.06L (1.9%))
Pre-post %changes for FEV1, FVC are calculated according to the ERS/ATS 2022 technical standard.
Inline Filter EasyOne Filter SP
Pre LLN predicted Post LLN predicted
Fve [ I I I 3 | ] Fve [ I I I * I ]
FEV1 [ I I [ % I | ] FEV1 [ I I [ % I | ]
FEV1/FvC [0 I .3 I I ] FEV1/FVC [ I .3 | I I ]
FEF25-75 [ | * I I | ] FEF25-75 I [ I | I | ]
g — s - 7 i OV —— i i —|
z-score-5 4 3 -2 1 0 1 2 3 z-score-5 -4 -3 2 1 0 1 2 3
14 8
12 G R 1) U e D Ol % CORE WOt S S O % 1 O R R 1 e ke
10- B-
8- ek
6 g 4
32
4 o
: |
B 0 : ; ;
-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13
4 Time [s]
-6
8
-10-
2. 5
A4, E oL & . i
-2 0 1 2 3 4 5 6 7 8

Volume [L]

Spirometry.Nil contraindications. Nil respiratory medicines used prior to test. Good consistent effort throughout. ATS/ERS standards for
acceptability and reliability met. Tested for bronchodilator responsiveness 15mins after being given 4 puffs of ventolin via spacer due to FEV1/FVC ratio below LLN.
Nil significant bronchodilator response.
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