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COT
Conventional Oxygen Therapy



COT: indications

• Any hypoxemic situation 
• Without : 

- Ventilatory exhaustion
- Neurological disorders

• Therapeutic objectives
- Oxygen saturation > 93%
- Clinical normalization (Respiratory Rate)

• « Appropriate dosage »
- Oxygen = medication: neither too much nor too little...



COT: limitations & contraindications

Chronic hypercapnia

→ Titration of oxygen administration
→Objective: Patient’s SpO2 level

if unknown: 88- 92%



COT: Inhalation equipment - Low FiO2 < 40%

• Nasal cannula
• Easy to fit
• Good tolerance
• Very low FiO2

• Limited indications
• No rebreathing



COT: Inhalation equipment - Mild FiO2 ≈ 50%
• Simple mask
• Easy fitting
• Safe to use
• FiO2 at best 50%, adjustable
• Reservoir size: 100-200 mL
• Slight rebreathing

Moderate O2 flow

Moderate FiO2

Air

O2



COT: Inhalation equipment - High FiO2 > 70%

Non-rebreather mask = High concenration mask

• Easy to fit
• Reservoir size: 300-600 mL
• High FiO2, up to 100%
• Slight rebreathing
• Risk of misuse
• Beware of poor
positioning...



COT: Inhalation equipment - High FiO2 > 70%

High concentration mask
Example

F = 20 

TV = 8 mL/kg = 600 mL

MV = 12 L/min

I/E = ½ 

Inspiratory flow = 36 L/min

45
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Oxygen flow rate must be > the 

patient’s Minute Ventilation rate

Inspiration

X

O2

O2

Expiration

X
O2

15 L/min

during 1 sec

30 L/min

during 1 sec

15 L/min

during 2 sec



COT: Insufflation device

Bag-valve-mask (BVM) ventilation

• Not really suitable for oxygen therapy
• Only for pre-oxygenation prior to 

intubation 



COT: Calculating remaining Oxygen level

• Internal volume x Remaining pressure 
P x V = Cste

• Safety margins
The « last 30 bars »
Consumption: +20%

Pressure reading 200 bars

Safety - 30 bars

Working Pressure 170 bars

Volume 5 litres

Quantité available 850 litres

Actual flow 6 L/min

+ Safety 1,2 L/min

= 7,2 L/min

(850 / 7,2)

Autonomy 120 min





Recommandations

Indications Mode of ventilation Level of evidence

AHRF 
• not due to cardiogenic 

pulmonary edema
• AHRF not due to COPD

Low tidal volume 4-6l/min > 
larger tidal volume

HNFO > COT 

HNFO/ CPAP

To reduce mortality (High level ESCIM 
2023)

To reduce risk of intubation (Moderate 
ESCIM 2023)
No recommendation on mortality (High 
level ESCIM 2023)

AHRF from covid CPAP/ NIV > HNFO > COT To reduce the risk of intubation (high 
level ESCIM 2023) 
No recommendation on mortality

AHRF not due to cardiogenic 
pulmonary edema

CPAP/ NIV >HNFO Moderate level
No recommandation

AHRF due to cardiogenic and COPDS NIV > COT and HNFO To reduce mortality Strong 
recommendation (American Thoracic
Society/European Respiratory Journal 
guidelines 2017)



Aerosol Therapy



Conventional aerosol therapy



High Flow Nasal Oxygen
HFNO



HFNO : High Flow Nasal Oxygen

• Non-invasive, continuous administration 

• of an air-O2 mixture (FiO2 21 to 100%)

• heated, humidified gas

• high flow rate (50-60 L/min) 

• nasal route





Air Liquide Medical System 
Monnal T60®

Respirator

Fisher & Paykel 
MR 850® 

humidifier-heater 

Inspiratory circuit 
for heated and humidified gas

Nasal 
Cannula

Humidification chamber



HFNO : Physiological effects

Advantages over Conventional Oxygen Therapy : 

• Delivery of constant, fixed, high FiO2

• Dead space wash out

• Decreased ventilatory work and improved patient comfort,

• Generation of a positive expiratory pressure (3 to 5 cm H2O), which
can lead to alveolar recruitment (optimal effect with high gas flow: 60 
L/min)

• Improved secretion clearance thanks to gas humidification and heating



HFNO : Physiological effects

NHF = Nasal High Flow
Paw = Airway Pressure
EELV = End-Expiratory Lung Volume
RR = Respiratory Rate
Vt = minute Volume
WOB = Work of Breathing

Use of nasal high flow oxygen during acute respiratory failure.
Ricard JD, Roca O, Lemiale V, Corley A, Braunlich J, Jones P, Kang BJ, Lellouche F, Nava S, Rittayamai N, Spoletini
G, Jaber S, Hernandez G.
Intensive Care Med. 2020 Dec;46(12):2238-2247. doi: 10.1007/s00134-020-06228-7. 

https://pubmed.ncbi.nlm.nih.gov/32901374/


HFNO : Indication

Acute hypoxemic respiratory failure non-hypercapnic

FR > 25/min 

Signs of respiratory distress

PaO2/FiO2 ≤ 300 mmHg or SpO2 < 92% on COT

without shock or other associated failure.



Acute Respiratory Failure (ARF)

Acute COPD 
Exacerbation

Hypoxemic
ARF

CPAP VS-PEP/VSAI-PEP

Intubation + Invasive Mechanical Ventilation

HFNO

Cardio Pulmonary
Oedema



Non Invasive Ventilation
Or Non Invasive Ventilation Pressure Support



2022



Guidelines for the respiratory management of ARDS
Indications Mode of ventilation Level of evidence

AHRF 
• not due to cardiogenic 

pulmonary edema
• AHRF not due to COPD

Low tidal volume 4-6l/min > 
larger tidal volume

HFNFO > COT 

HFNO/ CPAP

To reduce mortality (High level ESCIM 
2023)

To reduce risk of intubation (Moderate 
ESCIM 2023)
No recommendation on mortality (High 
level ESCIM 2023)

AHRF from covid 19 CPAP/ NIV > HNFO > COT To reduce the risk of intubation (high level 
ESCIM 2023) 
No recommendation on mortality

AHRF not due to cardiogenic 
pulmonary edema

CPAP/ NIV >HFNO Moderate level
No recommandation

AHRF due to cardiogenic and COPDS NIV > COT and HFNO To reduce mortality Strong 
recommendation (American Thoracic
Society guidelines 2017)



Non Invasive Ventilation and CPAP

• Positive Expiratory Pressure (PEP) : Increases 
functional residual capacity by recruiting 
collapsed or flooded alveoli

• Non invasive ventilation pressure support
(NIVPS)

➢CPAP or Continuous Positive Airway 
Pressure

➢Bilevel Inspiratory Positive Airway Pressure 
(BIPAP)= Noninvasive pressure support 
ventilation with inspiratory support



Indications for emergency non invasive ventilation 
pressure support

▪ Strong evidence, 
recommended

• COPD exacerbation 

• Weaning from 
mechanical ventilation 
in COPD patients 

• OAP 

• Hypoxemia in 
immunocompromised 
patients 

▪ Intermediate evidence
• Lung disease in COPD 

patients
• Acute hypoxemic 

respiratory failure
• Patients with intubation 

limitations: COPD or OSA
• Preoxygenation of a 

patient requiring 
emergency intubation 
(Delayed Sequence 
Intubation)



NIVPS contraindications

Absolute contraindication

• A recent facial, upper airway surgery

•Life-threatening hypoxemia

•Altered mental status/agitation

•Copious respiratory secretions

•Undrained pneumothorax

•Severe co-morbidity

Relative contraindication

• Facial trauma/burns

• Fixed upper airway obstruction

• Active vomiting

• Respiratory or cardiac arrest

•Inability to protect the airway



Boussignac CPAP system

▪ Small disposable plastic cylinder

▪ Fits on the mask

▪Generate positive pressure by accelerating

a flow of oxygen

▪ Cardiogenic Pulmonary edema +++

▪ Require a lot of oxygen



• Initial flow between 12 and 15l/min

• Then adjust O2 flow to obtain a PEP to be gradually increased (max 
10cmH2O)

Boussignac CPAP settings

• Cheap
• Doesn’t need electricity
• 4 different size
• Can be used with 
nebulizer

• No specific alarm linked to 
Boussignac: usual alarms

• Regularly check the pressure 
delivered on the manometer 
• Require a lot of oxygen



BIPAP Settings (1)

• IPAP= EPAP + Pressure support 

• Respiratory rate and inspiration time defined by 
the patient

• Variable delivered tidal volume to be monitored



BIPAP Settings (2)

• EPAP: Initially low 4 cmH2O 

Increase up to 10 cmH20 in case of cardiogenic 
pulmonary oedema

• Pressure support to be increased progressively: start around 8 
cmH2O max 15  for exhausted COPD



BIPAP Settings (3)

• Inspiratory and expiratory trigger: often preset

• Inspiratory trigger: 

Value of intrathoracic depression 

Generated at the start of inspiration 

Recognized by the ventilator as an insufflation 
signal.



BIPAP Settings (4)

• Expiratory trigger:

Peak inspiratory flow (PIF) decay threshold, 

Expressed as a percentage of PIF



Asynchrony risk

• CPAP presents virtually no risk of asynchrony with the patient

• NIPSV: high risk of patient-ventilator asynchrony (source of NIV failure)

➢ Inadequate level of support: the flow rate is too low and it does not 
meet patient demands.

➢ Auto-PEEP is too high and the patient expends a lot of effort trying to 
defeat it

➢ Prolonged insufflation by ventilator preventing patient from exhale 



Asynchrony due to trigger setting

Improve trigger 
sensitivity

Lower trigger 
sensitivity





What to remember about non invasive 
ventilation

• Non-invasive respiratory support strategies: 

Low flow and high flow oxygen and NIV

-> Improve oxygenation and unload respiratory
muscles

-> Have been implemented to avoid sedation and 
tracheal intubation. 

• Non invasive respiratory support must be introduced 
early but should not delay intubation if needed.

• The general tendency is not to intubate if an other 
solution is available



Invasive mechanical ventilation



Mechanical ventilation

• Deep sedation (possibly curarization) is 
required to adapt the patient to the 
ventilator.

• The physician determines all ventilatory 
parameters: 



Mechanical ventilation settings

• Tidal volume: 6 to 8 ml/kg : IDEAL WEIGHT 

In case of barotrauma risk : reduce to 6ml/kg

• RR: 12 to 20 

• Volume insufflated per min (V min)

V min= VT x FR

• IFO2: adjusted for SaO2 > 93%



Mechanical ventilation settings

• I/E:= Inspi time /Expi time 

• In the current situation, I/E=1/2 
corresponds to an inspiratory flow 
rate of 30 l/min (to be adjusted).

• PEP: if neaded (cardiogenic 
pulmonary oedema for exemple)



Monitoring

Clinical criteria:

• Non-efficient ventilation: 
cyanosis, mottling

• Complication: auscultatory 
asymetry

Alarms: Pressure sensors

Clinical criteria: 
• Respiratory rate
• Signs of struggle (expiratory

brake++)
• Tolerance
SpO2

Ventilator criteria: Tidal volume

Mechanical ventilationNoninvasive ventilation



Pression Alarms

• Peak pressure or P max, generated by tidal volume: 

resistance of large bronchi and circuit not correlated with 
alveolar pressure 

• Alveolar pressure= end- inspiratory airway pressure = Plateau 
Pressure Pplat) : 

reflects the traumatic risk induced by ventilation

• Pplat must always be < 30cmH2O

• If no P Plat available 

-> objective is Pmax < 40 cmH2O



Pression alarm check list

• Do not silence a ventilator until
you are aware of the reason for 
the ventilator alarm.

• 3 checks : Patient, probe, circuit
• Pmax is the more frequent

• If the patient is in distress after
your checks, initiate with bag-
valve-mask ventilation



Mechanical ventilation and nebulization

Conventional aerosol therapy Nebulization with Aerogen



What to remember

▪ Invasive mechanical ventilation

• Start with low tidal volume ( 6ml/kg) 
- to avoid per intubation instability 
- and barotrauma
• Choose carefully the alarm settings 
• Be systematic when alarm sounds
-> 3 checks: Patient, Probe, circuit
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Thank you !
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