
Swimming between the flags 
TSANZ UPDATED guidelines on acute oxygen therapy





In the acute medical setting, oxygen should only be 
given as treatment for hypoxaemia and requires 

appropriate prescription, monitoring and review.

This Position Paper is a brief and practical resource 
for all healthcare workers involved with administering 
oxygen therapy to adults in the acute medical setting. 

The Position Paper does not apply to intubated or 
paediatric patients.

Why have a position paper on oxygen administration?

Oxygen is a  
life-saving therapy 

BUT, when given 
inappropriately, may 

also be hazardous.



Based on the 
evidence, key 

recommendations 
from the 2015 TSANZ 

Oxygen Guideline 
document were not 

widely employed 
(Cousins et al, 

2016) suggesting 
failure of adequate 

implementation.

In general, the uptake of clinical practice  
guidelines are inconsistent

(Flodgren et al, 2016; Ishii etal, 2013, Curtis et al, 2017 &  Grimshaw et al, 2012).

This is reflected internationally (Ishii et al, 2013 p.898)

There have been many studies on guideline translation 
identifying barriers and enablers. Most highlight the need 
for implementation tools including a range of multimodal 

approaches

Background to this slide deck



The Institute of Health Economics 
(Moga & Chojecki, 2016) reviewed 
studies on improving the adherence to 
oxygen guidelines both nationally and 
internationally 

 – Positive studies included interactive educational 
sessions, reminder strategies such as verbal, email, 
posters and oxygen wristbands

 – Need for a dedicated place to prescribe oxygen 

 – Local adoption / adaption of the guidelines

 – Regular auditing and feedback is essential

 – ‘Oxygen champions’

This slide deck is based on a similar slide deck 
produced by the British Thoracic Society to 
disseminate their guidelines.

It can be modified to suit local practices and 
can be used along with other resources freely 
available on the TSANZ website such as the 
posters and flow charts – see https://www.
thoracic.org.au/educationcourseevents/ 
other-educational-resources 

 – If there is any trouble accessing the resources via the above 
link, please email the TSANZ Office at  
tsanzeducation@thoracic.org.au for assistance

Background to this slide deck



Hypoxaemia - an abnormally low level of oxygen in the arterial blood

Hypoxia - a reduction of oxygen supply at the tissue level

PaO2 - arterial oxygen partial pressure in blood gas specimen

SaO2 - arterial oxygen saturation measured in blood gases

SpO2 - oxygen saturation measured by pulse oximeter

Note: Breathlessness does not necessarily equal hypoxaemia

Definitions



The goal of supplemental oxygen is to raise 
the concentration of oxygen in the arterial 

blood and thus increase the concentration of 
oxygen in the tissues and prevent hypoxia

Why give supplemental oxygen?

Oxygen should NOT be prescribed to  
treat breathlessness  

(unless the patient is hypoxaemic)



With thanks to 
Richard Beasley

Supplemental oxygen is not always protective



Hypoxaemia Hyperoxaemia
Effects Risks Effects Risks

Respiratory System Increased ventilation Pulmonary 
vasoconstriction Pulmonary hypertension Decreased ventilation 

(minimal)
Worsened ventilation/ perfusion matching 

Absorption atelectasis

Cardiovascular system

Coronary vasodilation Decreased 
systemic vascular resistance 
(transient) Increased cardiac 

output Tachycardia

Myocardial ischaemia/infarction 
Ischaemia/infarction of other 

critically perfused organs 
Hypotension Arrhythmias

Myocardial ischaemia (in context of decreased 
haematocrit) Reduced cardiac output Reduced 
coronary blood flow Increased blood pressure 

increased peripheral resistance

Metabolic system Increased 2,3-DPG Increased CO2 
carriage (Haldane effect) Lactic acidosis

Decreased 2,3-
DPG Decreased CO2 

carriage (Haldane 
effect)

Increased reactive oxygen species

Neurological system Increased cerebral blood flow due 
to vasodilation Confusion Delirium Coma Decreased cerebral 

blood flow

Renal system
Renin-angiotensin axis  activation 

Increased erythropoietin 
production

Acute tubular necrosis Reduced renal blood flow

Note: 2,3-DPG: 2,3-diphosphoglycerate. Reproduced with permission from O’Driscoll et al. (2017).

Richard Beasley, Diane Mackle & Paul Young (2019) Oxygen: a new look at an old therapy, Journal of the Royal Society of New Zealand, 49:2, 126-142,  
DOI: 10.1080/03036758.2019.1566154

Physiological effects of acute hypoxaemia



Assess oxygenation

Oxygen is a drug and thus, requires a prescription

Recommended SpO2 targets

Delivery devices

High oxygen requirements indicate serious illness

Acute respiratory acidosis indicates severe 
physiological derangement

Key Concepts of the new guidelines



Pulse oximetry is a ‘vital sign’ and is a predictor 
of potentially serious events. 

Pulse oximetry has limitations
Factors that may affect the accuracy of pulse oximetry include:

Assess oxygenation

•	severe hypoxaemia & hypercapnia, 

•	sepsis, 

•	carboxyhaemoglobin & 
methaemoglobin levels, 

•	anaemia, 

•	dark skin,  

•	low perfusion and 

•	low body temperature causing 
an over-estimate of SaO2, while 
excessive ambient light and nail 
polish cause underestimation.



Arterial blood gas (ABG) measurement should be 
considered in the following situations:
•	 Critically ill patients with cardiorespiratory or metabolic dysfunction.

•	 In patients with an SpO2 < 92% in whom hypoxaemia may be present.

•	 Deteriorating SpO2 requiring increased fraction of inspired oxygen 
(FiO2).

•	 Patients at risk of hypercapnia

•	 Patients with symptoms or signs compatible with acute respiratory 
disease in whom a reliable oximetry signal cannot be obtained

Assess oxygenation



Although venous blood gases (VGB) are commonly used to 
provide a rapid assessment of important information  

(pH, lactate, glucose, haemoglobin, sodium and potassium), 
they do not provide an accurate estimate of PaCO2 or PaO2. 

Clinicians should guard against over-reliance on venous 
PCO2, particularly as diagnosis of hypercapnic and metabolic 

acidosis has far-reaching implications.

Assess oxygenation



Measure SaO2

- SpO2 becomes 
less reliable and 

knowing PaO2 and 
SpO2 is critical i.e. 

severe illness

pH 
measurement 
in VBG closely 
approximates 

ABG

Measure pCO2

- when 
considering NIV 

(not usually indicated 
in absence of acute 
respiratory acidosis)

Measure 
HCO3  

(hence base 
excess)

Using ABGs



•	 Cannot estimate SpO2 accurately

•	 Measure severity of acidosis and determine 
whether metabolic, respiratory or mixed

 – you cannot do this on a venous gas!

•	 Determine if hypercapnia is present
 –particularly since it critically determined treatment
 –you cannot do this on a venous gas!

Why and when to measure ABG



Respirology (2014) 19, 
168-175

doi: 10.1111/resp.12225

e.g. VBG 55 mmHg ABG 44 – 57 mmHg 

VBG 55 
mmHg •	ABG 34 – 66 mmHg

95% limits of 
agreement •	HCO3- = ±~3 mEq/L

Comparing VBG           ABG



Oxygen 
prescription 

requires 
documentation 

of flow rate, 
delivery device 
& SpO2 targets 

With thanks to Dr Anna Ridgers

Oxygen is a drug and thus, requires a prescription



Oxygen therapy should be initiated or increased if 
clinically required, prior to prescription. 

Increasing oxygen requirement indicates 
underlying disease deterioration, and should 
result in clinical review.

Consider developing a Nurse Initiated 
Supplemental Oxygen procedure to guide oxygen 
initiation whilst waiting for clinical review.

Do not leave a patient hypoxaemic



88%–92% is the recommended target range (i.e., 
administer O2 when SpO2 < 88%) in chronic respiratory 
diseases, where there is potential for hypercapnia e.g 
morbid obesity, obesity hypoventilation syndrome, 
bronchiectasis, cystic fibrosis, neuromuscular disease 
and chest wall deformities such as severe kyphoscoliosis

92%–96% is the recommended target range in other 
clinical situations (i.e., administer O2 when SpO2 < 92%)

Recommended SpO2 targets



Richard Beasley, Diane Mackle & Paul Young (2019) Oxygen: a new look at an old therapy, Journal of the Royal Society of New Zealand,  
49:2, 126-142, DOI: 10.1080/03036758.2019.1566154

RISK

ARTERIAL OXYGEN SATURATION

Figure 4. Schematic diagram of the ‘swimming between 
the flags’ treatment paradigm. Note: The concept of 
administering oxygen only if necessary to relieve hypoxaemia, 
but at an FiO2 that does not lead to hyperoxaemia. This 
treatment paradigm is colloquially referred to as ‘swimming 
between the flags’, in which oxygen is administered to keep 
the SpO2 within a prespecified target range. This approach 
recognises that not only hypoxaemia, but also high FiO2 and 
hyperoxaemia, may potentially result in avoidable risk to 
patients. The optimal target SpO2 range for individuals will 
depend on their specific clinical situation.

Swimming between the flags



Supplemental oxygen should not be used in patients 
who are normoxic , in an attempt to protect against 
subsequent hypoxaemia, in the event of deterioration 
such as worsening gas exchange and/or alveolar 
ventilation

High concentration oxygen therapy delays recognition of 
clinical deterioration

Low concentration oxygen therapy allows deterioration 
to be detected earlier, and gives more time to intervene 
before life-threatening situation develops

Recommended SpO2 targets



Barnett A, Beasley R, Buchan C, Chien J, Farah CS, King G, et al. Thoracic Society of Australia and New Zealand Position Statement on Acute Oxygen 
Use in Adults:‘Swimming between the flags’. Respirology. 2022; 1–15. https://doi.org/10.1111/resp.14218

PATIENT WITH SUSPECTED HYPOXAEMIA IN WHOM OXYGEN THERAPY MAY BE INDICATED: OBTAIN OXIMETRY †

IS THE PATIENT AT RISK OF HYPERCAPNIC RESPIRATORY FAILURE?*

•	 Start O2 1-2L/min nasal cannulae or 2-4 L/min via 24% or 
28% Ventun mask

•	 Titrate O2 to achieve SpO2  
88-92% target range

•	 Give bronchodilator (if required) by MDI + spacer (if nebuliser 
is necessary - it should be air-driven)

•	 Obtain ABG#

•	 O2 to maintain SpO2 88-92% target range
•	 Consider NIV or invasive ventilation and/or ICU/HDU 

admission

pH <7.35 and PaCO2 and >45 mmHg

•	 No O2 therapy
•	 Continue monitoring SpO2

SpO2 <88%

pH  ≥ 7.35

•	 O2 to maintain SpO2 88-92% target 
range

•	 Start O2 4 L/min nasal cannulae, 5-10 L/min via mask, 15L/
min via a 100% non-rebreather reservoir mask or hNHF-O2 
cannulae (FiO2>0.35) depending on clinical situation

•	 Titrate O2 to achieve SpO2  
92-96% target range

•	 Obtain ABG#

PaCO2 >45 mmHg and pH <7.35 pr PaO2 <60mmHg  
(despite high flow O2 via mask)

•	 Consider NIV or invasive ventilation and/or ICU/HDU 
admission

•	 Titrate O2 to target range depending on level of hypercapnia 
and/or hypoxaemia

•	 Start 2-4 L/min nasal cannulae 
or other suitable oxygen delivery 
method

•	 Titrate O2 to achieve SpO2 92-96% 
target range

•	 Consider ABG#

PaCO2 ≤45 mmHg and PaO2 ≥60mmHg 

•	 Continue monitoring SpO2
•	 Give O2 if SpO2  <92% with target range 92-96%

•	 O2 not routinely required
•	 Continue monitoring SpO2

SpO2 <92%

SpO2 <88% SpO2 ≥ 88% SpO2 <85% SpO2 85-91% SpO2  ≥92%

YES NO

Treatment algorithm



•	Increase oxygen if SpO2  
is lower than target range

•	Decrease oxygen if SpO2  
is higher than target range

Regular monitoring of SpO2 should occur when titrating  
supplemental oxygen therapy

Titrating oxygen therapy



Check manufacturer’ instructions  
to determine where to read the flow rate
e.g.
•	at the TOP of the ball
•	at the MIDDLE of the ball
•	at the BOTTOM of the ball

           Flow meters vary.

Reading a flow meter



Up to 70l/min Up to 30l/min Up to 15l/min Up to 2.5l/min

Note: Flow meters come in all shapes and sizes!



Nasal cannulae

Standard nasal cannulae can deliver an inspired oxygen 
(FiO2) of 0.24–0.35 at an oxygen flow of 1–4 L/min.

•	Benefits includes
 – Ability to give bronchodilator by MDI / spacer or air-driven nebulizer at the same 

time as oxygen is administered.

•	Oxygen can be prescribed by variable flows to achieve a target 
saturation range rather than a fixed FiO2

•	Comfort, ease of use and low cost.

•	Less likely to be taken off to eat or speak.

•	No risk of rebreathing of carbon dioxide.



A simple face mask can deliver 
an FiO2 of 0.35–0.60 at an 
oxygen flow of 5-10 L/min. 

•	Flow rates of <5 L/min should be 
avoided due to the potential risk of 
carbon dioxide rebreathing 

Simple face mask



A 100% non-rebreather reservoir mask 
at 15 L/min can deliver an FiO2 of >0.60.

•	Ensure reservoir bag remains inflated during 
the respiratory cycle

•	Effective for short term treatment

Non rebreather mask



Venturi masks can deliver 
an FiO2 of 0.24–0.60.
•	Increasing flow rate does not 

increase FiO2

Venturi mask



hNHF-O2 cannulae can deliver an FiO2 of 0.21–1.0.
•	hNHF-O2 devices deliver heated, humidified oxygen via wide-bore 

nasal cannulae at delivered concentrations up to 100% and at high-
flow rates up to 70 L/min.

•	Benefits include:

 – Reduced risk of endotracheal intubation in patients with hypoxaemic 
respiratory failure

 – Reduced respiratory rate and level of dyspnoea, and improved gas 
exchange with reduced accessory muscle activation.

 – May facilitate greater comfort and  airway secretion clearance.

 – Preservation of upper airway function (e.g. speech, cough & 
swallowing).

Humidified nasal high-flow oxygen (hNHF-O2)



Increasing respiratory rate is also a highly sensitive marker of deterioration

High FiO2 to maintain adequate oxygen saturations means that should 
further deterioration occur, higher level respiratory support is then urgently 

required to avoid life-threatening hypoxaemia

High oxygen requirements indicate serious illness

Early warning systems are effective in picking up deterioration earlier, 
particularly when they combine oxygen delivery (FiO2 or flowrate), 

with the resultant SpO2



Patients who need an estimated FiO2 of ≥0.50, 
such as ≥8 L/min via a simple face mask, to 

maintain an adequate SpO2, should receive ICU 
review and most will require a higher level of 

monitoring and supportive care which an ICU/
HDU environment can provide

High oxygen requirements indicate serious illness



In patients with acute 
respiratory acidosis 
(ABG show a pH < 

7.35 and PaCO2 > 45 
mmHg), non-invasive 

ventilation (NIV) or 
invasive ventilation 

should be considered.
rebound hypoxaemia

Target SpO2 during NIV for acute respiratory acidosis should be 88%–92% 

Patients managed with NIV require regular review to assess response to 
treatment, in which case they may need intubation. Assessment should be 

based on clinical and biochemical parameters (e.g., O2, requirements, pH, etc.) 

In patients in whom oxygen-induced hypercapnia is suspected, oxygen 
therapy should be titrated to maintain the 88%–92% target oxygen 

saturation range and not be abruptly stopped due to the risk of  
profound rebound hypoxaemia

Acute respiratory acidosis indicates severe 
physiological derangement



Assess oxygenation and use ABGs when required

Prescribe oxygen (on the medication chart) to a target saturation
 – 94 - 98% for most adult patients

 – 88 - 92% if risk of hypercapnia

Titrate oxygen therapy to maintain SpO2 within target range

Use the most appropriate delivery device to maintain oxygenation

Recognise that high oxygen requirement indicates serious illness and requires 
medical review

Acute respiratory acidosis indicates severe physiological derangement and NIV 
or invasive ventilation should be considered.

Summary
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