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Agenda

• Standard Oxygen and HFNC

• Hyperoxia and its physiological 
effects

• Oxygen therapy for patients who
are critically ill



O’Driscoll BR et al. Thorax 2011;66:734-5

Oxygen use in ambulances is very 
common, equivalent to 2.2 million 
episodes annually in the UK.

In-hospital Prehospital & ED

Hale KE et al. Emerg Med J. 2008;25:773-6



Treatment of acute 
respiratory failure



➢Occhialini

➢Maschere di Venturi

➢Maschera  con Reservoir

SISTEMI DI EROGAZIONE



EFFETTO VENTURI

Se la velocità di un fluido aumenta, la pressione diminuisce 

(teorema di Bernoulli/ Legge di Poiseuille)

Cosentini et al. L’ABC della ventilazione meccanica non invasiva in urgenza.II edizione Mc Graw Ill



MASCHERA DI VENTURI

Sistema più preciso e costante per la somministrazione di 

O2 a concentrazioni intermedie 



Aumentare il flusso non aumenta la 
concentrazione di ossigeno !!!



Estimating FiO2



Methods & interfaces for oxygen delivery 

O’Driscoll BR et al. Thorax 2008;63 (suppl VI):1-68

FiO2 is unknown and highly dependent on: 

1. O2flow 

2. pt’s insp. flow

3. breathing pattern



FiO2 24-60% 
If the patient’s ventilatory demand exceeds the flow 

provided by the device, the patient would breathe part of 

atmospheric air



Flow generators

• Air-oxygen blender with a 

flow meter

• A dedicated standalone 

device

• NHF-capable mechanical 

ventilator

Active Humidifier

Heated inspiratory circuit

Nasal cannula

Up to 37°C

10-60/80 L/min

21-100% FiO2

Nishimura M.Respiratory Care June 2019, 64 (6) 735-742

NASAL HIGH FLOW THERAPY





HUMIDIFICATION HIGH FLOW

Physiological effects 



                  

Physiological effects of GAS heating and 
humification

Metabolic cost of gas conditioning

Bronchoconstriction

Improvement of lung mucociliary    

clearance (  secretion clearance)

Comfort



Physiological effects of HIGH FLOW

Washout of the upper airway 

deadspace

Matching pat’s inspiratory flow 

( stable FiO2)

The positive pressure in the 

airways



More accurate and stable FiO2 delivery

Adapted from Masclans et al .2012

NHF 

50L/min
Face mask oxygen 

therapy 10L/min



High

Gas Flow

Washout of nasopharyngeal dead space

The high gas flow decreases the 

upper airway dead space like 

trans-tracheal airway insufflation



HFNC can provide a distending pressure 

Parke RL et al, Resp Care 2011



Goligher EC et al. Am J Respir Crit Care Med.2017;195(9):1128-1131



Eur Respir J 2022; 59: 2101574

Intensive Care Med (2020) 46:2226–2237
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Clanton TL .J Appl Physiol 102:2379-2388, 2007



Nakane etal. Journal of Intensive Care 2020; 8:95 



In contrast to 
hypoxia, humans 
have not evolved any 
specific adaptation to 
counter hyperoxia



High Alt Med Biol. 2010.



FIO2 > 0.21 

Hyperoxaemia (i.e. arterial  
PaO2 > 100 mmHg) 

Hyperoxia (increased 
tissue O2 concentration)

ROS formation



Intern Med J 2011 Aug;41(8):618-22.



Critical Care 2012, 16:323





Effect of minute ventilation during 15 minutes 

of high oxygen administration

Aubier M, et al. Am Rev Respir Dis. 1980;122(5):747-54



Aubier M, et al. Am Rev Respir Dis 1980;122:191-199

20 COPD patients with with acute respiratory failure

FEV1(%, pred) 25.3 ± 2.8
 

Effect of O2

14%

PaCO2 VE P0.1VT Fr

40%

The reduction in respiratory drive

is not a major contributor to

oxygen induced hypercapnia in

AECOPD patients



The Haldane effect

Intensive Care Med. 2017 ;43(1):91-93

Il legame dell’O2 con Hb favorisce l’eliminazione 

della CO2, la curva di dissociazione della CO2 è 

spostata verso il basso



Abdo and Heunks Critical Care 2012, 16:323



Absorption atelectasis



Monaldi Archives for Chest Disease 2023; 93:2399



target range 88–92%

AECOPD

O’Driscoll BRet al. Thorax 2017;72:i1–i90.



Effects on the Heart

Oxidative Med Cell Longev. 2016;2016:8254942.

Hyperoxia can:

•    vascular resistance in the coronary artery

•    the coronary blood flow 

•    myocardial oxygen consumption

Paradoxical increase in myocardial ischemia and 

aggravated myocardial ischemia reperfusion injury



European Heart Journal (2023) 44, 3720–3826



CPAP or NIV

In AHF patients oxygen should not be 
used routinely in non-hypoxaemic 

patients, as it causes vasoconstriction 

and a reduction in cardiac output



Effects on the Brain

• Cerebral vasoconstriction

• Reduced CBF and metabolic dysfunction

• neuronal damage and neurological impairment

Hyperoxia

Routine use of O2 is not recommended
In patients with SpaO2 <95% the administration of O2 titrated to 
maintain normoxia is recommended. 
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ICU 

Patients



Curr Opin Anesthesiol 2018, 31:129–135



Conventional:

PaO2 up to 150 and  97%<SpO2>100%

Conservative:

PaO2 between 70 and100 or 94%<SpO2 >98%

JAMA. 2016 ;316(15):1583-1589.



JAMA. 2016 ;316(15):1583-1589.

8,6%



19 RCTs (10,385 participants)

Cochrane Database Syst Rev. 2023 Sep 13;9(9):CD012631.



COVID-19





Intensive Care Med (2024) 50:159–180



J Clin Oncol 39:1389-1411.

ASCO Guideline



Discomfort!!!





Is Humidified Better than Non -humidified

Low Flow Oxygen Therapy? 

A Systematic Review and Meta -Analysis

J Adv Nurs 73:2522-2533, 2017

Dry nose

Dry nose and throat



Is Humidified Better than Non -humidified

Low Flow Oxygen Therapy? 

A Systematic Review and Meta -Analysis

J Adv Nurs 73:2522-2533, 2017

Bacteria contaminations



Am J Respir Crit Care Med 2025 Apr;211(4):577-586.



Am J Respir Crit Care Med 2025 Apr;211(4):577-586.



Conclusions

• Oxygen is one of the most ubiquitously used medical interventions in

medicine

• Although oxygen supplementation is beneficial to support life in the clinic,

excessive oxygen therapy has also been linked to multiple organ injuries

(lung, heart, brain, etc)

• To date, no consensus has been reached regarding the clinical impact of

hyperoxia and hyperoxemia, specifically in ICU patients. It is plausible that

oxygen therapy has a differing effect according to patients’ characteristics

• Don’t forget palliation of dyspnea and comfort!!
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