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1. Oxygen Prescription  

 

  

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

 

Yes 

Yes 
Target saturation is 88-92%  

 

No 

No 
Aim for SPO2 94-96% 

Commence 15L/min oxygen via reservoir mask or bag-
valve mask and manage patient as advised in Table 1 

Is the patient critically ill? 
(see table 1) 

Is the patient at risk of hypercapnic respiratory failure? (Type 2 Respiratory Failure) 
The main risk factor is severe or moderate COPD (Especially with previous Respiratory Failure or on Long Term Oxygen). 
Other patients at risk include people with chest wall or spinal disease (e.g. kypho-scoliosis), neuro-muscular disease, severe 
obesity, cystic fibrosis, bronchiectasis or previously unrecognised COPD 

SPO2 ≤ 94% on air or oxygen or if requiring oxygen 
to achieve above targets 

Start 1-2L/min nasal oxygen and obtain 
blood gases (Reduce FiO2 if SPO2 > 92%) 

Yes 
Commence oxygen as per table 

2 and check blood gasses 

No 
Aim for SPO2 94-96% 

Oxygen is a treatment for hypoxaemia, not breathlessness. Oxygen has not been proven to have any consistent effect on the sensation of 
breathlessness in non-hypoxaemic patients.  

Table 1 Critical illness requiring high levels of supplemental oxygen 
The initial oxygen therapy is a reservoir mask at 15 L/min pending the availability of reliable oximetry readings. 
For patients with spontaneous circulation and a reliable oximetry reading, it may quickly become possible to reduce the oxygen dose while 
maintaining a target saturation range of 94–96%. 
If oximetry is unavailable, continue to use a reservoir mask until definitive treatment is available. 
Patients with COPD and other risk factors for hypercapnia who develop critical illness should have the same initial target saturations as 
other critically ill patients pending the results of blood gas results after which these patients may need controlled oxygen therapy with 
target range 88–92% or supported ventilation if there is severe hypoxaemia and/or hypercapnia with respiratory acidosis. 
Additional Comments 
Cardiac arrest or resuscitation Refer to resuscitation guidelines for choice of delivery device during active 

resuscitation. 
Give the highest possible inspired oxygen concentration during CPR until 
spontaneous circulation has been restored 

Shock, sepsis, major trauma, drowning, anaphylaxis, 
major pulmonary haemorrhage, status epilepticus 

Also give specific treatment for the underlying condition 

Major head injury Early tracheal intubation and ventilation if comatose 
Carbon monoxide poisoning Give as much oxygen as possible using a bag-valve mask or reservoir mask. Check 

carboxyhaemoglobin levels. 
A normal or high oximetry reading should be disregarded because saturation 
monitors 
cannot differentiate between carboxyhaemoglobin and oxyhaemoglobin, owing to 
their 
similar absorbances. 
The blood gas PO2 will also be normal in these cases (despite the presence of tissue 
hypoxia). 

COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; PO2, oxygen tension arterial or arterialised blood 
gases. 
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Table 2 Serious illnesses requiring moderate levels of supplemental oxygen if the patient is hypoxaemic 
The initial oxygen therapy is nasal cannulae at 2–6 L/min (preferably) or simple face mask at 5–10 L/min unless stated otherwise. 
For patients not at risk of hypercapnic respiratory failure who have saturation below 85%, treatment should be started with a reservoir mask 
at 15 L/min and the recommended initial oxygen saturation target range is 94–96%. If oximetry is not available, give oxygen as above until 
oximetry or blood gas results are available. Change to reservoir mask if the desired saturation range cannot be maintained with nasal cannulae 
or simple face mask (and ensure that the patient is assessed by senior medical staff). If these patients have coexisting COPD or other risk 
factors for hypercapnic respiratory failure, aim at a saturation of 88–92% pending blood gas results but adjust to 94–96% if the PCO2 is normal 
(unless there is a history of previous hypercapnic respiratory failure requiring NIV or IMV) and recheck blood gases after 30–60 min. 
Additional Comments 
Acute hypoxaemia (cause not yet 
diagnosed) 

Reservoir mask at 15 L/min if initial SpO2 below 85%, otherwise nasal cannulae or simple face 
mask 
Patients requiring reservoir mask therapy need urgent clinical assessment by senior staff. 

Deterioration of lung fibrosis or other 
interstitial lung disease 

Reservoir mask at 15 L/min if initial SpO2 below 85%, otherwise nasal cannulae or simple face 
mask 

Pneumothorax Needs aspiration or drainage if the patient is hypoxaemic. Most patients with pneumothorax are 
not hypoxaemic and do not require oxygen therapy. 
Use a reservoir mask at 15 L/min if admitted for observation. Aim at 100% saturation. (Oxygen 
accelerates clearance of pneumothorax if drainage is not required.) 

Pleural effusions Most patients with pleural effusions are not hypoxaemic. If hypoxaemic, treat by draining the 
effusion as well as giving oxygen therapy. 

Pulmonary embolism Most patients with minor pulmonary embolism are not hypoxaemic and do not require oxygen 
therapy. 

Acute heart failure Consider CPAP or NIV in cases of pulmonary oedema. 
Severe anaemia The main issue is to correct the anaemia. Most anaemic patients do not require oxygen therapy. 
Postoperative breathlessness Management depends on underlying cause. 

COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; IMV, invasive mechanical ventilation; NIV, non-
invasive ventilation; PCO2, arterial or arterialised carbon dioxide tension; SpO2, arterial oxygen saturation measured by pulse oximetry. 

 

  

Table 3 Conditions for which patients should be monitored closely but oxygen therapy is not required unless the patient 
is hypoxaemic 
If hypoxaemic, the initial oxygen therapy is nasal cannulae at 2–6 L/min or simple face mask at 5–10 L/min unless saturation is below 85% (use 
reservoir mask) or if at risk from hypercapnia (see below). 
The recommended initial target saturation range, unless stated otherwise, is 94–96%. 
If oximetry is not available, give oxygen as above until oximetry or blood gas results are available. 
If patients have COPD or other risk factors for hypercapnic respiratory failure, aim at a saturation of 88–92% pending blood gas results but 
adjust to 94–96% if the PCO2 is normal (unless there is a history of respiratory failure requiring NIV or IMV) and recheck blood gases after 30–
60 min. 
Additional Comments 
Myocardial infarction and acute coronary 
syndromes 

Most patients with acute coronary artery syndromes are not hypoxaemic and the benefits/ 
harms of oxygen therapy are unknown in such cases. Unnecessary use of high concentration 
oxygen may increase infarct size. Do not initiate oxygen therapy in patients with SpO2 ≥ 90% 

Stroke Most patients with stroke are not hypoxaemic. Oxygen therapy may be harmful for 
non-hypoxaemic patients with mild–moderate strokes. Do not initiate oxygen therapy in patients 
with SpO2 ≥ 90% 

Hyperventilation or dysfunctional 
breathing 

Exclude organic illness. Patients with pure hyperventilation due to anxiety or panic attacks 
are unlikely to require oxygen therapy. 
Rebreathing from a paper bag may cause hypoxaemia and is not recommended. 

Most poisonings and drug overdoses (see 
table 1 for carbon monoxide poisoning) 

Hypoxaemia is more likely with respiratory depressant drugs, give antidote if available, for 
example, naloxone for opiate poisoning. 
Check blood gases to exclude hypercapnia if a respiratory depressant drug has been taken. 

Pregnancy and obstetric emergencies Oxygen therapy may be harmful to the fetus if the mother is not hypoxaemic. 
COPD, chronic obstructive pulmonary disease; IMV, invasive mechanical ventilation; NIV, non-invasive ventilation; PCO2, arterial or 
arterialised carbon dioxide tension. 
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Most poisonings and drug overdoses (see 
table 1 for carbon monoxide poisoning) 

Hypoxaemia is more likely with respiratory depressant drugs, give antidote if available, for 
example, naloxone for opiate poisoning. 
Check blood gases to exclude hypercapnia if a respiratory depressant drug has been taken. 

Pregnancy and obstetric emergencies Oxygen therapy may be harmful to the fetus if the mother is not hypoxaemic. 
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2. Oxygen Delivery Devices 
 This clinical guideline is intended to supplement, rather than subs�tute for, professional judgment and may be changed depending upon a pa�ent’s individual 

needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

Device Flow Rates FiO2 How to Titrate Notes 

 
Low-flow nasal cannula 

1-6L/min Each L/min adds ~4% 
Fio2 above room air* 
1L/min = 24% 
2L/min = 28% 
3L/min = 32% 
4L/min = 36% 
5L/min = 40% 
6L/min = 44% 

Titrate flow rate only Best for pa�ents with 
normal respiratory 
rates and �dal 
volumes 
 
 

 
Simple face mask 

~6-12L/min 35-60%* Titrate flow rate only Minimum of 6L/min 
flow is required to 
prevent re-breathing 
CO2 

 
Venturi mask 

Fixed flow based on 
adapter chosen 

Adapters are usually 
available in 24%, 
28%, 31%, 35%, 40% 

Titrate FiO2 only Adapter entrains a 
set amount of 
ambient air to deliver 
a fixed FiO2 

 
Non-rebreather mask 

10-15L/min 100% Non�tratable Short term bridge 
therapy only 

 

 
High Flow Nasal Cannula 

Up to 60L/min 30-100% Titrate flow rate and 
FiO2 

Administers PEEP 
with high flow rate 

*varies based on respiratory rate and minute ven�la�on 

Equipment used to deliver emergency oxygen therapy; 
• Pa�ents with COPD with a respiratory rate of >30 breaths/min should have the flow rate set to 50% above the minimum flow rate 

specified for the Venturi mask and/or packaging (increasing the oxygen flow rate into a Venturi mask increases the total gas flow 
from the mask but does not increase the concentra�on of oxygen which is delivered) 

• Humidifica�on is not required for the delivery of low-flow oxygen or for the short-term use of high-flow oxygen. It is not therefore 
required in prehospital care. Pending the results of clinical trials, it is reasonable to use humidified oxygen for pa�ents who require 
high-flow oxygen systems for > 24 h or who report upper airway discomfort due to dryness.  

• In the emergency situa�on humidified oxygen use can be confined to pa�ents with tracheostomy or an ar�ficial air way, although 
these pa�ents can be managed without humidifica�on for short periods of �me (e.g., ambulance journeys). 

• Humidifica�on may also be of benefit to pa�ents with viscous secre�ons causing difficulty with expectora�on.  This benefit can be 
achieved using nebulised normal saline. 

• Bubble bo�les should not be used because there is no evidence of clinically significant benefit but there is a risk of infec�on. 
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3. Assessing Oxygenation 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

Pulse Oximetry 
 Clinical cyanosis is not evident until there is at least 5 g/dL of desaturated haemoglobin. By this point, patients have arterial oxygen 

saturation rates around ≤ 80% depending on the concentration of haemoglobin in their blood. 
 Pulse oximeters use the principles of the Beer-Lambert Law, which states that the concentration of an absorbing substance in a solution 

is related to the intensity of light transmitted through that solution. Pulse oximeters consist of two light-emitting diodes, one in the 
red range and one in the infrared range, and a detector.  Oxygenated and deoxygenated haemoglobin absorb light at different 
wavelengths differently.  

 Deoxygenated or ‘‘blue’’ blood absorbs light maximally in the red band, whereas  
 Oxygenated or ‘‘red’’ blood absorbs light maximally in the infrared band.  

The ratio of absorption of the two wavelengths of light are then compared with an algorithm in the microprocessor generated by 
empirically measuring the absorption in healthy volunteers at varying degrees of directly measured arterial oxygen saturation. The 
displayed value is usually an average based on the previous 3 to 6 seconds of recording. 

 Limitations; 
 Adult systolic blood pressures of < 80 mm Hg have been associated with poor pulse oximetry performance. 
 In most cases of ambient light overexposure the SpO2 level will tend toward 85% (the reading dictated by the algorithm in the 

microprocessor when the ratio of the absorbance of the two wavelengths of light is one) and therefore will be falsely low. 
 Carboxyhaemoglobin (COHb) absorbs light in the infrared wavelength (e.g., 940 nm) almost identically to oxyhaemoglobin. 

Therefore, it is understandable how the standard pulse oximeter will interpret carboxyhaemoglobin as oxyhaemoglobin leading 
to an overestimation of the true SaO2.  

 Methaemoglobin (MeHb) absorbs light equally well at both wavelengths used in standard pulse oximeters (660 nm and 940 
nm). In the presence of MeHb, SpO2, although somewhat reduced initially, overestimates actual SaO2. As the level of MeHb 
increases to 30 - 35%, the ratio of absorbance at the two wavelengths reaches a plateau and approximates one which the 
microprocessor gives a calculated SpO2 value of 85%, this is a marked overestimation of actual SaO2.  

 
Assess the gas exchange 
It is not necessary and not advisable to remove oxygen supplementation in order to measure blood gases with the patient breathing room 
air.  

a) Is it normal? This tells you if the patient has a problem with gas exchange. To determine whether PaO2 is normal it must be 
interpreted in light of the fractional inspired oxygen concentration (FiO2). This is most simply expressed in terms of the PaO2/FiO2 
or P:F ratio.  

 
  

The normal P:F ratio is approximately 47 - 57KPa or 400-500mmHg. A P:F ratio < 25 (kPa) or < 200 (mmHg) indicates severe 
respiratory failure. A high FIO2 is ineffective in improving PaO2 in the presence of a large intrapulmonary shunt because oxygen 
cannot reach the blocked alveoli. This is referred to as refractory hypoxemia.  

b) By using the alveolar gas equation (A-a gradient) it is possible to distinguish decreased PaO2 due to hypoventilation from decreased 
PaO2 due to shunting or diffusion abnormalities. In the former there will be a normal gradient between alveolar and arterial oxygen 
tension, while in the latter this gradient will be increased. Assuming a normal barometric pressure at sea level, and a normal 
respiratory quotient the alveolar gas equation calculates the oxygen level in the alveolus using the following formula: 

PAO2 ≈ PIO2 - PaCO2/RER  

 Where; 
 PAO2 and PACO2 represent alveolar levels of oxygen and carbon dioxide,  
 RER is the respiratory exchange ratio or the ratio of carbon dioxide production to oxygen consumption (200/250 = 0.8) 

 PIO2 = FIO2 X (barometric pressure [100 kPa,760 mm Hg] – water vapour pressure [~6 kPa, 47 mm Hg])* 

 Where; PIO2 = inspired PO2 

 Thus; 

 PAO2 {(FIO2 X (94(kPa)* or 713 (mmHg)*) – PaCO2/0.8} - PaO2  

 A gradient of (< 2.6kPa /20mmHg) is considered normal. 
  

Assess the oxygen content 
Oxygen content is predominantly determined by haemoglobin concentration and saturation: 

a) Is the haemoglobin concentration adequate (> 10 g/dl with active cardiovascular disease or > 7 g/dl without active cardiovascular 
disease)? 

b) Is the HbO2-saturation > 90%? Assess the function of haemoglobin 
 Is the measured saturation what you would expect for the PaO2? If not, there is a shift in the oxyhaemoglobin saturation curve. 

(Saturation is only measured by blood gas machines that incorporate a co-oximeter, other machines produce an estimate based 
on PaO2). 

 Look at the P50 (if available) – This is the partial pressure of oxygen in the blood at which the hemoglobin is 50% saturated, 
typically about 3.5 kPa (26.6 mmHg) for a healthy person 
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4. Rapid Sequence Intubation/Airway Algorithm 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

 

Paralysis with Induction 
Pharmacologic agents and dosages used for rapid sequence intubation 

Sedatives Dose 

Ketamine (Ketamine is preferred for patients with hemodynamic instability 
or renal insufficiency) 2 mg/kg IV 

Midazolam 0.15 to 0.2 mg/kg IV (decrease dose in elderly) 

Propofol 1 to 2.5 mg/kg IV (decrease dose in elderly) (titrate the dose) 

Neuromuscular Blocking (NMB) Agents Dose Onset Duration 

Succinylcholine (depolarizing NMB) 
Contraindications: 

 Hyperkalaemia e.g. renal failure  
 Organophosphate poisoning 
 Delayed severe burns  
 Prolonged crush injuries 

1.5 mg/kg IV (adults) 
2 mg/kg IV (infants) 
3mg/kg IV (new-borns) 

½ to 1 min 6-10 min 

Rocuronium (nondepolarizing NMB) 
 

Rocuronium has a short duration which generally makes it the preferred of the 
nondepolarizing neuromuscular blockers for ED RSI 

1.2mg/kg IV (shorter onset 
with longer duration) 

1 min 20 mins 

 

Position the patient 
Ensure you have 360o acccess to the patient 

 Belt/Belly Height – Head at or just above belt/belly level 
 HoP up – Head of Patient up to Head of Bed 
 HoB up – Head of Bed up 30o; Reverse trendelenburg in High BMI, Late Pregnancy, Spinal Immobilisation 
 Face Plane parallel to Ceiling (or just 10o tilt back) & Ear level to Sternal Notch 

Assistants ready to help add or maintain external laryngeal manipulation, head elevation, jaw thrust, mouth opening 
 
 
 

Pre-oxygenation 
 Attach oxygen via nasal prongs. Turn up to MAXIMUM if patient is unconscious or after sedation. Keep this for the entire intubation process. 
 Spontaneously breathing patient – Position patient as below and allow at least 5 mins of spontaneous breathing with a tight-fitting non-rebreather facemask at MAXIMUM and 

continue until the patient stops breathing after sedation/paralysis: Avoid positive pressure ventilation if possible 
 Patient not breathing or not breathing adequately– Use a Bag-Valve-Mask (BVM) with a reservoir and O2 at 15L/min to provide 1 breath every 6 seconds (synchronized to the 

patient’s breaths) until you can achieve and sustain the highest possible SpO2 

 
 
Identify Predictors of Difficult Intubation (LEMON) 
 Look for external markers of difficulty of BVM and Intubation 
 Evaluate the 3-3-2 rule  
 Mallampati score ≥ 3 
 Obstruction/Obesity 
 Reduced Neck Mobility 
 

If a difficult airway is predicted, IMMEDIATELY consult a clinician experienced 
in airway management and intubation before proceeding. 
 
 

 
 
MALE MESS 
 Mask 
 Airways (oral and nasal) 
 Laryngoscopes, Laryngeal Mask Airway (LMA) 
 Endotracheal tubes – Adult Males 8F, Females 7.5F; Child >1 year (Age/4) + 

(4(uncuffed) or 3.5(cuffed)) 
 Monitoring (pulse oximetry, ECG, capnography), Magill Forceps 
 Emergency drugs/trolley 
 Self-inflating bag valve resuscitator;  
 Suction, Stylet, Bougie   
 Plentiful oxygen supply 

 

Preparation 

 Self-inflating bag valve resuscitator ventilation – 1 breath every 6s 
 Secure tube at a depth of 3 x ET Tube size at the teeth/gums 
 Check vital signs (BP, PR, RR, SPO2, To C, RBS) 
 Connect patient to the ventilator. See 7. Guideline for Initiation of Mechanical 

Ventilation Algorithm 
 Initiate postintubation analgesia and sedation 

- Morphine 0.1 – 0.4mg/kg/hr 
- Ketamine (analgesic and sedative) 0.05 – 0.4mg/kg/hr  
- Midazolam 0.02 - 0.1mg/kg/hr 
- Dexmedetomidine 0.2 – 0.7 µg/kg/hr 

 Obtain portable CXR to Confirm Depth of ET Tube NOT location 
 

Resume BVM ventilation - 1 breath every 3 seconds 

See 6. Failed Intubation Algorithm 

Not Successful Successful 
Proof of Intubation/ LMA Insertion 

 

5 Point Auscultation – Epigastrium, Bilateral Axillae, Bilateral Lung Bases 
Waveform Capnography - Maintain CO2 level at 35- 45mmHg 

 

Pass the tube /Laryngeal Mask Airway (LMA) 
Limit attempt to < 30 seconds. Proceed down the algorithm after 30 seconds 
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5. Failed Intubation Algorithm 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

No 

Maintain ventilation 
Advanced Airway Techniques e.g. video laryngoscopy 

Consult an Anaesthetist for fibre optic intubation 

Successful Failed 

Yes 

Failed 

Resume BVM ventilation - 1 breath every 3 seconds 
CALL Anaesthetist immediately 

Able to ventilate with BVM? 

Resume BVM ventilation - 1 breath every 3 seconds 
Reposition patient to align the airway (sniffing position) 
One more D.L. attempt. Limit attempt to < 30seconds 

Proof of Intubation 
5 Point Auscultation  

Epigastrium, Bilateral Axillae, Bilateral Bases 
Waveform Capnography  

Maintain CO2 level at 35- 45mmHg 

No 

Yes 

Insert Laryngeal Mask Airway 

Able to ventilate with BVM? 

Surgical 
Cricothyrotomy 

Successful Direct Laryngoscopy and Intubation (D.L.) 

 Self-inflating bag valve resuscitator ventilation – 1 breath every 6s 
 Secure tube at a depth of 3 x ET Tube size at the teeth/gums 
 Check vital signs (BP, PR, RR, SPO2, To C, RBS) 
 Connect patient to the ventilator. See 7. Guideline for Initiation of 

Mechanical Ventilation Algorithm 
 Initiate postintubation analgesia and sedation 

- Dexmedetomidine 0.2 – 0.7 µg/kg/hr 
- Morphine 0.1 – 0.4mg/kg/hr 
- Midazolam 0.02 - 0.1mg/kg/hr 
- Ketamine (analgesic and sedative) 0.05 – 0.4mg/kg/hr  

 Obtain portable CXR to Confirm Depth of ET Tube NOT location 
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6. Mechanical Ventilation – Basic Definitions 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

 
a) Tidal volume (TV) 

The volume of gas inspired and expired with one breath, normally 5 - 7mL/kg. Note that the tidal volume is measured in the ventilator 
not in the endotracheal tube and therefore a change in tidal volume may reflect a change anywhere in the system, not just in the 
patient. In general the expired tidal volume is a more accurate indicator of the tidal volume the patient has received. A significant 
discrepancy between the inspiratory and expiratory tidal volume usually indicates a leak in the system (i.e. ventilator, circuit, 
endotracheal tube, patient). 
 

b) Minute volume (MV) 
Tidal volume × breath rate. 
 

c) Functional Residual Capacity (FRC) 
Sum of residual volume and expiratory reserve volume. Functionally described as the lung volume of the totally relaxed chest wall 
and diaphragm, between inspiration and expiration.   FRC serves as the body's oxygen reserve. FRC is reduced in; 

 the supine position,  
 the paralysed state,  
 obesity and  
 pregnancy. 

FRC is increased by; 
 PEEP and CPAP, and by  
 increased airway resistance (hyper-inflation of bronchospasm). 

  
d) Closing capacity (CC) 

The lung volume at which airway closure occurs, and is the sum of closing volume and residual volume.   Closing capacity is far below 
FRC in healthy individuals, but when CC exceeds FRC, airway closure occurs during quiet breathing, and shunting results. 

  
e) Compliance: 

Compliance [C = TV/Pplat - PEEP] = Volume change per unit pressure change, thus a measure of distensability.    
i. Static compliance: alveolar stretchability measured at steady state. 

ii. Dynamic compliance: related to airway resistance during equilibration of gases throughout the lung at end-inspiration or 
expiration. 

For measures of lung compliance, transmural pressures are required (i.e. the difference between alveolar and pleural pressures). 
Normal compliance for a normal subject on mechanical ventilation is between 50 to 100ml/cmH2O. 
 Lung Compliance Decreases with; 
 Pulmonary Oedema 
 Consolidation 
 Atelectasis 
 Overdistention 
 Pulmonary Fibrosis 
 Dynamic Hyperinflation 
 Tension Pneumothorax 
 Mainstem intubation  
 ARDS 

  
f) Elastance: Tendency of a hollow organ to recoil towards its original dimension. (Pressure/Volume): Reciprocal of compliance  
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7. Mechanical Ventilation – Mechanics 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

All ventilators control inspiration. Expiration is an entirely passive process that cannot be rushed, and is determined entirely by airway 
resistance and lung compliance. 

The pressures pertinent to ventilatory management are the; 

Peak Inspiratory Pressure (PIP) is the highest inflection point reached during delivery of a breath as dictated by system and patient 
compliance but has no correlation with risk of lung injury.  
The airway pressure is measured in the ventilator not in the patient’s airway. As a result, high airway pressure may be due to a problem 
in the ventilator, the circuit, the endotracheal tube or the patient. The pressure required to overcome the resistance is determined by the 
resistance and the flow such that:  

Pressure = Flow ×Resistance 

 The pressure inside the balloon (alveolar pressure) can be divided into two components:  
 the baseline pressure - which is the pressure in the alveoli at the end of expiration or PEEP (positive end-expiratory pressure).  
 the pressure due to inflation of the lung which is  determined by the additional volume of gas pumped into the lung and the stiffness 

or compliance of the lung such that:  

Alveolar pressure =    Volume     + PEEP 
Compliance 

  The total pressure (or airway pressure) during inspiration is therefore: 
  

Airway Pressure (PIP) = Flow × Resistance +   Volume     + PEEP 
              Compliance 

From this it can be seen that airway pressure, flow and tidal volume are all interlinked and for any given level of PEEP it is only possible to 
alter two of these three variables.  

Moreover: Flow = Volume/Time. Therefore if one sets the time during which flow occurs (the inspiratory time),  it is then only possible 
to set either the pressure, flow or volume and the other two variables then become dependent on the resistance and compliance i.e. If 
you set inspiratory time and pressure, then flow will be dependent on resistance and volume will be dependent on compliance. Usually 
either the tidal volume or the pressure are set. 

High PIP can be caused by; Increased Flow, Increased Resistance, Increased Volume, or Decreased Compliance 

Plateau pressure represents the force required to overcome the lung’s elastic recoil.  It will increase with decreased compliance,  
overdistention of the lungs, or hyperinflation. Plateau pressures are measured at the end of the inspiratory phase of a ventilator-cycled 
tidal volume. The ventilator is programmed not to allow expiratory airflow at the end of the inspiration for a set time, typically 0.5s. The 
pressure measured to maintain this lack of expiratory airflow is the plateau pressure which reflects the pressure witnessed by the alveolus 
and correlates with the risk of lung injury. Barotrauma is minimized when the plateau pressure is maintained at < 30 - 35 cmH2O.  Patients 
with airway obstruction may have a very high peak pressure without any increase in the plateau pressure. Indeed, the gradient between 
the two is directly related to the resistance of the airway to airflow.  

  

An increase in the peak inspiratory pressure without a concomitant increase in the plateau pressure is unlikely to cause alveolar damage. 
The critical variable is not airway pressure itself but transpulmonary pressure = airway pressure during the end-inspiratory pause minus 
pleural pressure. The normal lung is maximally distended at a transpulmonary pressure between 30 - 35cmH2O, and higher pressures 
cause overdistention. Patients with stiff chest walls, such as those with the acute respiratory distress syndrome due to a non-pulmonary 
disorder (e.g., abdominal sepsis), have an elevated pleural pressure. In such patients, the airway plateau pressure may exceed 35 cmH2O 
without causing alveolar overdistention. 
The set inspiratory pressure is usually, but not invariably, set as a pressure above PEEP. The PEEP + set inspiratory pressure above PEEP 
should be < 30 cmH2O 

Getting Oxygen in Getting Carbon dioxide out 

The PAO2 can be manipulated by altering; 
1. the inspired oxygen concentration (FiO2),  
2. the mean alveolar pressure is the mean pressure over both inspiration 

and expiration. The mean alveolar pressure is dependent on: 
 Set tidal volume or set inspiratory pressure 
 Inspiratory time - As the pressure during inspiration is always 

higher than the pressure during expiration, increasing the duration 
of inspiration will inevitably increase the mean pressure. 

 PEEP - By increasing the baseline pressure PEEP increases the 
alveolar pressure in both inspiration and expiration. 

3. to a lesser extent the alveolar ventilation  
(Alveolar ventilation = Respiratory rate × (Tidal volume - Dead space)).  

 

Carbon dioxide elimination is largely dependent on 
alveolar ventilation which is = Respiratory rate × (Tidal 
volume - Dead space). This is can be altered by; 

1. Increasing the amount of gas that is pumped into 
the lungs with each breath,  

2. Decreasing the amount of that gas which is simply 
ventilating dead space and  

3. Increasing the number of breaths per minute 
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8. Mechanical Ventilation – Initial Settings 

 

This clinical guideline is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this guideline does not represent a breach of the standard of care. 

 

Choose Familiar Mode 
SIMV or PRVC 

FiO2 = 1.0* 
*after the patient is settled, wean this down to an FiO2 of 0.4 or a PaO2 of 60-80 mmHg (8–10.6kPa) 

Obstructive lung disease e.g. 
Asthma, COPD 

Other Restrictive lung disease 
e.g. ARDS 

*Consider Non-invasive Ventilation for Pulmonary Oedema, COPD, Pneumonia, ARDS, Preintubation oxygenation 

PEEP 3-4 cmH2O 
Keep PIP + PEEP < 30 cm H2O 

PEEP 5 cmH2O 
* titrate to PaO2 of 60-80 mmHg (8–10.6kPa) 

Keep PIP + PEEP < 30 cm H2O 

PEEP 8-10 cmH2O 
* titrate to PaO2 of 60-80 mmHg (8–10.6kPa) 

Keep PIP + PEEP < 30 cm H2O 

VT 6-8 ml/kg PBW 
*for Pressure Control, titrate PIP to 
achieve an expired VT of 8-10 ml/kg PBW 

VT 5-6 ml/kg PBW 
*for Pressure Control, titrate PIP to achieve 

an expired VT of 5-6 ml/kg PBW 
*titrate to PaO2 of 60-80 mmHg (8–10.6kPa) 

VT 6 ml/kg PBW 
*for Pressure Control, titrate PIP to 
achieve an expired VT of 6 ml/kg PBW 

Rate 6-8 bpm 
*titrate to allow complete expiration 

Rate – Start at Patient’s Preintubation RR (< 30bpm) 
*titrate to PaCO2 of 35 - 45 mmHg (4.7 - 6 kPa) 

Rate – Start at Patient’s Preintubation RR (< 30bpm) 
*titrate to PaCO2 of 35 - 45 mmHg (4.7 - 6 kPa) 

Additional Settings 
Pressure support – 8-10 cmH2O 
Inspiratory trigger – 2 cmH2O below the set PEEP 
i times – Adults 1 sec; Toddlers/Children 0.7 sec; Neonates 0.5 sec 

The Crashing Intubated Patient (Peri-Arrest or Arrest): 
DOPES then DOTTS: The first mnemonic is how to diagnose the problem and the second mnemonic is how to fix the problem: 
  
Diagnosing the Problem: 

D = Displaced Endotracheal Tube or Cuff 
O = Obstructed Endotracheal Tube: Patient biting down, kink in the tube, mucus plug 
P = Pneumothorax 
E = Equipment Check: Follow the tubing from the ETT back to the ventilator and ensure everything is connected 
S = Stacked Breaths: Auto-PEEP.  Patient unable to get all the air out from their lungs before initiating the next breath. Inspiratory time is much 
shorter than expiratory time (I/E ratio is anywhere from 1 to 3 or 1 to 4) 

  
Fixing the Problem (Once you commit to this, do every step even if you fix the problem with one of the earlier letters): 

D = Disconnect the Patient from the Ventilator: This fixes stacked breaths by decreasing intra-thoracic pressure and improving venous return 
O = O2 100% Bag Valve Mask: The provider should bag the patient not anyone else because this lets you get a sense of what the potential 
problem is. Look, Listen, and Feel 
 Look: Watch the chest rise and fall, look at ETT and ensure it is the same level it was at when it was put in 
 Listen: Air leaks from cuff rupture or cuff above the cords; Bilateral breath sounds; Prolonged expiratory phase 
 Feel: Feel the pressure of pilot balloon of endotracheal tube, crepitus; How is the patient bagging (Hard to bag or too easy to bag) 

T = Tube Position/Function: Suction catheter to ensure tube is patent; Can also use bougie if you don’t have suction catheter, but be gentle (If 
to aggressive can cause potential harms); Ensure the tube is at the same level it was at when it was put in 
T = Tweak the Vent: Decrease respiratory rate, decrease tidal volume, decrease inspiratory time.  Biggest bang for your buck is decreasing the 
respiratory rate.  This may cause respiratory acidosis (permissive hypercapnia) 
S = Sonography: You can diagnose things much faster than waiting for respiratory therapist to come to the bedside or waiting for stat portable 
chest x-ray to be done. 

 

Abbreviations: SIMV, Synchronised Intermittent Mandatory Ventilation; PRVC, Pressure 
Regulated Volume Control; VT, Tidal Volume; PBW, Predicted Body Weight; PEEP, 
Positive End Expiratory Pressure; PIP, Peak Inspiratory Pressure 
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9. Mechanical Ventilation – Non-Invasive Ventilation (NIV) 

 

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard 

Non-invasive ventilation (NIV) is the application of mechanical breaths without airway invasion and is delivered by a nasal or face mask. 
 
Types  

a) Bilevel Positive Airway Pressure (BiPAP) which is essentially PS plus PEEP. If BiPAP is used, suitable initial settings are an 
inspiratory pressure of 8-10 cmH2O and expiratory pressure of 4-6 cmH2O. 

b) Continuous Positive Airway Pressure (CPAP): Constant Positive Airway Pressure is the term used when positive pressure is applied 
to both inspiration and expiration during spontaneous breathing. CPAP is usually only used in alert patients with intact airway 
reflexes, via an airtight face mask. Pressures are limited to 15cmH2O (less than lower oesophageal opening pressure), to prevent 
gastric distension. CPAP requires apparatus that can deliver high inspiratory gas flows of 60 to 90 litres/min. 

 
General guidelines for selection of patients for NIV 

Need for ventilatory assistance 
 Moderate to severe dyspnoea 
 Tachypnoea (>24 for hypercapnoeic, 30 for hypoxaemic 
 Accessory muscle use 
 Abdominal paradox 
 PCO2 > 45mmHg, pH <7.35 
 PaO2/FiO2 <200 

  
Contraindications for NIV 

 Respiratory arrest 
 Medically unstable 
 Unable to protect airway 
 Excessive secretions 
 Agitated, uncooperative 
 Recent upper GI or airway surgery 
 Unable to fit mask 

 

Predictors of failure of NIV 
COPD 

 Air leaking 
 APACHE II ≥ 29 
 Asynchrony 
 Copious secretions 
 GCS ≤ 11 
 Lack of “compliance” or “tolerance” 
 pH < 7.25 
 Respiratory rate > 35 breaths/min 

 
Hypoxaemic respiratory failure 

 ALI/ARDS 
 SAPS II >35 
 Metabolic acidosis 
 PaO2/FiO2 ≤146 (or ≤ 175 for ARDS) after 1 hour of NIV 
 Pneumonia 
 Severe hypoxaemia 
 Shock 

 
Recommendations 

Chronic Obstructive Pulmonary Disease 
 NIV should be considered first-line therapy in the management of ARF caused by chronic obstructive pulmonary disease (COPD) 

exacerbations based on evidence derived from multiple randomized trials.  
 Although considered a contraindication to NIV in the past, hypercapnic coma in patients with COPD can be treated with NIV as 

successfully as in non-comatose patients. 
 The use of NIV as an alternative to endotracheal intubation in more severely ill patients (i.e., those with a pH <7.2) has been 

controversial. However, recent studies demonstrate that outcomes of severe COPD exacerbations are no worse if treated with 
NIV than with endotracheal intubation, indicating that an initial trial with NIV is not deleterious, even in severely ill COPD patients. 

 patients intubated for hypercapnic respiratory failure due to COPD who fail spontaneous breathing trials should be considered for 
a trial of extubation to NIV. This approach should be reserved for patients who are good candidates for NIV in other respects and 
who are able to tolerate levels of pressure support easily administered via mask (i.e., ≤15 cm H2O). In addition, they should not 
have been a difficult intubation. 

  
Asthma. Evidence is weaker for the use of NIV in asthma patients with acute respiratory failure. 

  
Cardiogenic Pulmonary Oedema  

 The main physiologic benefit from NIV or CPAP in these patients is likely due to an increase in FRC that reopens collapsed alveoli 
and improves oxygenation. This also increases lung compliance and reduces work of breathing.  

 The increased intrathoracic pressure also can improve cardiac performance by decreasing ventricular preload and afterload (by 
reducing transmural pressures) 
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Analgesia Chart 

 

Drug 
Dosage 

Equianalgesic 
dose 

Onset/Peak 
Effect 

Duration of 
Action 

Adverse Effects 
Com

m
ents/Caveats 

M
orphine 

IV - 0.1m
g/kg; 

m
ax. 0.3m

g/kg 
  SC - 0.1-0.2m

g/kg 

10m
g 

IV - Onset 3-5 
m

ins; Peak effect 
15-30 m

ins 
 SC – Onset 15-30 
m

ins 

IV - 3 –4 hrs 
  SC – 4 hrs 

Respiratory 
depression  
Hypotension partly 
due to histam

ine 
release 

Acute severe pain (traum
a) or persistent pain. M

orphine is better preferred for 
obstetric pain. 
 

Fentanyl 
IV - 0.5 – 3 µg/kg 
over 3-5m

ins 
100µg 

IV - Im
m

ediate 
onset, Peak effect 
2-3m

ins 
SC – Onset 7 -
15m

ins 

IV – 30 - 45m
is 

 SC – 1 – 2 hrs 

Chest w
all rigidity and 

respiratory depression 
m

ay occur w
ith rapid 

IV adm
inistration  

Acute severe pain. (traum
a) 

Fentanyl is preferred for a rapid onset of analgesia in acutely distressed patients. 
Fentanyl is preferred for patients w

ith hem
odynam

ic instability or renal 
insufficiency 

Pethidine 
IV - 0.5-1m

g/kg 
SC - 1-2m

g/kg 
  

75 m
g 

IV - 1-3 m
ins 

SC - 30-90 m
ins 

  

IV – 2 - 4 hrs 
SC – 3 – 4 hrs 

High doses m
ay cause 

respiratory 
depression, agitation, 
m

uscle fasciculations, 
seizures or histam

ine 
induced hypotension 

M
oderate-to-severe pain (m

igraine, traum
a, acute abdom

inal pain) 
It m

ay be used in obstetric practice to relieve labour pain. 
Pethidine has an analgesic potency approxim

ately equal to one-fifth that of 
m

orphine. 
Pethidine has an active m

etabolite (nor-m
eperidine) that causes neuro excitation 

(apprehension, trem
ors, delirium

, and seizures) and m
ay interact w

ith 
antidepressants (contraindicated w

ith M
OI and best avoided w

ith SSRIs), so it is NOT 
RECOM

M
ENDED for repetitive use. It is also highly addictive.  

Tram
adol 

IV/SC - 50-100m
g 

over 3-5m
ins 

M
ax 400m

g/d 

80m
g 

IV/SC – 45 m
ins 

 IV/SC - 9 – 10 
hrs 

> 400 m
g/d are 

associated w
ith an 

increased risk of 
seizures. 

M
oderate-to-severe pain.  

Tram
adol is 5 to 10 tim

es less potent than m
orphine. There is consequently an 

absence of respiratory depression, a low
 sedative effect, and less potential for 

dependence. There is a high incidence of nausea and vom
iting. Slow

 adm
inistration 

over 3 - 5 m
inutes decreases the incidence of nausea and vom

iting. Tram
adol does 

not prom
ote the release of histam

ine.  

Paracetam
ol 

IV – 15m
g/kg 

- 
IV – 15m

ins (at 
end of infusion) 

IV – 4hrs 
 

M
ild-to-m

oderate pain 
Can be used to supplem

ent opioid analgesics 

Diclofenac 
IV – 75m

g 
IM

 – 75m
g 

- 
IV – 5-10 m

ins 
IM

 – 15m
ins 

IV – 6-8hrs 
IM

 – 6-8hrs 
 Gastrointestinal 

bleeding 
 Bleeding secondary 

to platelet 
inhibition, and  

 Developm
ent of 

renal insufficiency 
 

M
ild-to-m

oderate pain.  
Can be used to supplem

ent opioid analgesics e.g. renal colic  
All NSAIDs elevate SBP (m

edian 5 m
m

Hg). This effect predisposes to the 
developm

ent of congestive heart failure and m
ay contribute to the risk of 

accelerated atherothrom
botic disease. 

Patients w
ith hypovolem

ia or hypo perfusion, the elderly, and those w
ith pre-

existing renal im
pairm

ent m
ay be m

ore susceptible to NSAID-induced renal injury. 

IM
 adm

inistration is generally NOT RECOM
M

ENDED due to its m
ultiple disadvantages: Painful adm

inistration, Unpredictable absorption, Com
plications involving tissue fibrosis and abscesses, and Rapid 

declines in analgesic effect.  
Subcutaneous (SC) adm

inistration provides sim
ilar pharm

acokinetics w
ith greater patient com

fort. The SC route should replace the IM
 route for opioids. 

 

emergencymedicinekenya.org



  

emergencymedicinekenya.org



  

References 
1-3.        O'Driscoll BR, Howard LS, Earis J on behalf of the BTS Emergency Oxygen Guideline Development Group, et alBritish 

Thoracic Society Guideline for oxygen use in adults in healthcare and emergency settingsBMJ Open Respiratory Research 
2017;4:e000170. doi: 10.1136/bmjresp-2016-000170  

 Siemieniuk Reed A C, Chu Derek K, Kim Lisa Ha-Yeon, Güell-Rous Maria-Rosa, Alhazzani Waleed, Soccal Paola M et al. 
Oxygen therapy for acutely ill medical patients: a clinical practice guideline BMJ 2018; 363 :k4169. 
doi:   

emergencymedicinekenya.org



The Constitution of Kenya (2010) and the 
Health Act (2017) guarantees you the 
right to emergency medical treatment

Did You Know

All public and private health facilities 
have a legal duty to provide you with 
emergency medical treatment

Any health institution that fails to 
provide emergency medical treatment 
despite having the capacity to do so, 
could face conviction and fines up to 
Kshs. 3 Million
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