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High Flow Nasal Cannula Oxygen therapy

Parke. BJA 2009; 103: 886-90
Roca. Resp Care 2010; 55: 408-13
Vargas. Resp Care 2015; 60:1369-76
Sztrymf. Intensive Care Med 2011; 37:1780-86
Frat. Resp Care 2015; 60:170-78

• Characteristics of HFNC: 
- high flow of gas: up to 70 L/min
- heating-humidification
- Stabilisation of flow and FiO2

NIV                        HFNT
Heat                       Variable                     31-34°C
Humidity               Variable                   Saturated
Circuit                      Single                  Single-heated
Pressure           Pre-set insp and Exp Variable
Flow                         Variable     Continuous (20-60 Lmin)

Oxygen Bled-in or blender     Blender (0.21-1)



1. HFNO genera pressione 

2. ↑ PaO2 a parità FiO2

3. Riduce CO2 rebreating



Face Mask                                     HFNT
Dyspnea 6.8 3.8*
Mouth dryness                  9.5 5.0*
Overall Comfort               5.0 9.0*
Roca O et al, Respir Care 2010

4. Miglior confort

5. Migliore meccanica
Delta Pes PTP

6. Migliore indice di tobin (e CO2) in veglia

John F Fraser. Thorax August  2016 Vol 71 No 8

7. Riduce VE e VT di notte

Pisani L. thoraxjnl-2016-209673 



AIRVO
100% RH

37°C

AIRVO
100% RH

37°C

8. Ripristino funzione ciliare  (pazienti O2 terapia alti flussi) + Fluidificazione del 
muco

9. Aumento reclutamento polmonare  periferico + Incremento dei flussi espiratori (BPCO)



10. reduced exhacerbation days, increased time to first exhacerbation nei bronchiectasici

Rea H. et al., Respir Med 2010

11. Riduce la FR nei COPD 
Nilius G., Adv ExpMed Biol. 2013

12. decreases MinVent due to an overall reduction in dead space 
Eur Respir J 2018; 51: 1702251

13. Migliora Indice di Tobin nella FC 

Ann. Intensive Care (2018) 8:85

14. In COPD (postextubation) decreased the neuroventilatory drive and work of breathing



A total of 200 COPD with chronic hypoxemic respiratory failure 
patients were randomized into usual care ± HFNC

20 L/min flow rate. Starting at 15 L, flow was titrated over 30 minutes at 
the baseline visit. 
to use HFNC for 8 hours/day, preferably at night; 
however, there were no restrictions in the duration of use nor time of 
day.

The average daily use of HFNC was 6 hours/day. 
There was no difference in all-cause mortality





Ann Am Thorac Soc Vol 15, No 4, pp 432–439, Apr 2018

Randomized crossover trial for stable hypercapnic chronic obstructive pulmonary disease. 

6 weeks of high-flow nasal cannula oxygen therapy/long-term oxygen therapy using the myAIRVO 2 device 
followed by another 6 weeks of long-term oxygen therapy only

29 completed the study. 
HFO  improved :
• total St. George's Respiratory Questionnaire 
• arterial partial pressure of carbon dioxide 
• pH 
• median nocturnal transcutaneous carbon dioxide pressure 

No effects on : 
•arterial partial pressure of oxygen, 
•dyspnea, 
•spirometry, 
•lung volume, 
•6-minute walk test, 
•or physical activity. 



TC CO2
(mmhg)

TC CO2
(mmhg)

Con O2 2 litri

Con HF 2 litri 

Applicazione notturna in BPCO + IRC (1 case report) 

Vitacca 2018 unpublished



Dispnea Tolleranza sforzo

Ossigenazione 



Criteri di inclusione:   

• BPCO+IRC in OTLT

• Stabilità clinica

Gruppo intervento
HFO (n=78)

Gruppo controllo 
“Venturi mask” (n=78)

Randomizzati
(n=156 )

Criteri di esclusione:
• Malattia ortopedica/neurologica
• Cardiopatia ischemica/insuff.cardiaca
• OSAS 
• Fibrosi polmonare

Obiettivi primari: 
• Miglioramento della tolleranza allo sforzo (tempo di 

endurance) prodotto da un programma di allenamento 
ad alta intensità con HFO rispetto allo stesso effettuato 
con «Venturi mask»

Obiettivi secondari:
Miglioramento 
• 6MWT (m) 
• Dispnea
• forza periferica e dei muscoli respiratori
• qualità della vita e dell’impatto della 

malattia

HFO USE DURING EXERCISE TRAINING IN PATIENTS WITH RESPIRATORY FAILURE SECONDARY TO COPD
Michele Vitacca + 5 ICS Maugeri + Auxilium Vitae + 2 Don Gnocchi
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Vitacca et al in progress

Arruolati 170 pts



CONCLUSIONI

 L’utilizzo degli alti flussi in riabilitazione ha grandi potenzialità.
 Riduce dispnea 

 Facile da usare (rispetto alla NIV) 
 L’esercizio fisico e la disostruzione bronchiale sembrano essere le aree 

che maggiormente possono beneficiare di questo trattamento.
 Attualmente vi è urgente necessità di studi fisiologici e clinici che 
supportino l’uso routinario di questa terapia in ambito riabilitativo e che 

definiscano il paziente ideale, anche ai fini prescrittivi. 
 Costi ??



Why does it work?

• Unloading of the respiratory muscles

• Improvement breathing patterns

• Changes in airways?

• Changes in airflow distribution

• Improvement of sleep quality

Duiverman et al. Int J Chron Obstruct Pulmon Dis. 2017 Jan 11;12:243-257
Windisch W et al. Respir Physiol Neurobiol. 2006 Feb 28;150(2-3):251-60.
De Backer L et al. Int J Chron Obstruct Pulmon Dis. 2011;6:615-24.
Schwarz SB et al. Curr Opin Pulm Med. 2017 Aug 5.

Muscle hypothesis
NPPV rests chronically 
fatigued respiratory 
muscles

Sleep hypothesis
NPPV prevents sleep-
disordered breathing and 
improves sleep quality 

https://www.ncbi.nlm.nih.gov/pubmed/28138234
https://www.ncbi.nlm.nih.gov/pubmed/22135493


• Nocturnal Gases (Elliott Thorax 1992; Simonds Thorax 1998; Windisch W. Respir Med 2002)

• ∆ FEV1  (Kohnlein Lancet Resp Medicine 2014)

• Resting the respiratory muscles (Lukacsovits Eur Respir J 2012) 

• Delta paCO2 (Köhnlein Lancet Respir Med 2014)

• Sleep efficiency (Elliott  Thorax 1992; Meecham Jones 1995 Schönhofer B et al. Thorax 2000)

• Changes in Quality of Life (Windisch W. Eur Respir J 2008; Murphy et al JAMA 2016; Kohnlein Struik)

• Readmissions (Chu Thorax 2004; Cheung  Int J Tuberc Lung Dis 2010; Clini 2002)

• Survival ( Simonds 1995; Jäger Chest. 2008 Chu Thorax 2004 Köhnlein Lancet Respir Med 2014;Funck 2011 Murphy et al. JAMA. 2017 )

Positive NIV effects on COPD 



Negative NIV effects on COPD 

• Changes in Quality of Life (McEvoy 2009) 

• Readmissions (Casanova 2000; McEvoy 2009

• Survival (Casanova, Clini; Struik Thorax 2014)



Funk GC. et al. Respir Med 2011;105(3):427-34



HR 0,24 (0,11-0,49))

12%

33%

Köhnlein et al. Lancet Respir Med 2014;2:698-705.

randomization / prolonged hypercapnia:

14 -21 days post index event

Murphy et al. JAMA. 2017 Jun 6;317(21):2177-2186



NIV even “works” during exercise

Dreher et al. Eur Respir J. 2007 May;29(5):930-6. 



How important are comfort and 
lifestyle factors?

Rank Priority % 

1 Being able to fall asleep easily and stay asleep whilst using my ventilator 96.6

2 Having smooth, ‘natural feeling’ breathing 93.8
3 How comfortable the mask is 86.0
4 Being able to travel with it (such as by car and by air) 81.0
5 Reducing dryness of mouth and eyes 80.4
6 How noisy the ventilator is 79.7
7 Being able to speak and be heard whilst using my ventilator 64.7
8 How big it is 63.1
9 Reducing nasal secretions 61.3

10 How heavy it is 56.6



The service

• Outpatient and home visit appointments 

• 12 appointments/week over 1.5 days

Patient cohort

• 138 patients: 
(8 unsuccessful)

• 138 using EncoreAnywhere database system

• Modem – 27 patients
(1 removed)

• Range of disease conditions and complexity

The team

• Respiratory Consultant

• Chief Physiologist

• Nurse Specialist

• Senior Physiologist

With courtesy of Sara Parsons St George University Hospital  UK

NIV service

BEFORE
AFTER

NIV setting and adherence control at distance



IS THERE ANY ADDITIONAL EFFECT OF TELE-ASSISTANCE ON LONG-TERM CARE PROGRAMS IN HYPERCAPNIC COPD PATIENTS? A
RETROSPECTIVE STUDY.

M.Vitacca, M.Paneroni, F.Grossetti, N. Ambrosino. COPD 2016

Post hoc analysis 76 COPD under LTOT  out 240 pts:  Haz Ratio for relapse, H and death were calculated

Exacerbations Hospitalisations

LTOT+TA+NIV

LTOT

LTOT+TA

LTOT+TA LTOT

1. Tele-assistance alone and with greater efficacy when combined with NIV may reduce the
frequency of exacerbations.

2. Tele-assistance, added to LTOT but not to NIV may reduce the frequency of hospitalizations.



Take home on COPD

• Long-term NIV has the potential to improve the outcome

• Overuse of NIV must be avoided (not all patients requiring acute NIV in hospital 
need subsequent long-term NIV)

• Indication criteria are: 
o Severe symptoms 
o Clinical hystory of revolving doors (exacerbations, hospitalisations, at least three 

hospital admissions with acute hypercapnic respiratory failure ?)
o Hypercapnia >54 mmhg post acute NIV (at least 15 days !)

• Control visits are necessary (side effects, adherence to therapy, QoL, and co-
morbidities must be considered)

• integrate NIV into a multidisciplinary programme

• time, experience and a dedicated infrastructure. 
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