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Low-flow O2

NPPV

HFNC

Azoulay E et al Lancet Resp Med 2018

Noninvasive oxygenation strategies



Why is “High-Flow” Different?

Heated and humidified “high” gas flow 
can have major impact 

on physiological functions of
upper & lower respiratory system



HFT: NOT JUST OXYGEN



What is HFNT and why is different? 

Heat and Humidification High Flow



Humidity
Flow

Matches patient inspiratory demand

Increase expiratory resistence

WHY IT IS DIFFERENT?

+



Physiologic Effects of High Flow Therapy 

Ricard JD et al Intensive Care Med 2020
Innate immune 

response in the lungs



HFT: mechanism of action

Williams ICM 2016

• Pisani Thorax 2017

Mudel JAP 2013 Hasani Chr Resp Dis  
2008

Mucociliary clearancePrecise O2 delivery Expiratory resistance

WOB



Pathophysiology

LEFT LUNG AIRWAYS & ALVEOLI

EXPIRATORY AIRFLOW

AIR TRAPPING

WORSENING V/Q           

HYPOXEMIA

AIRWAYS RESISTANCES

WOB



ACUTE HYPOXEMIC RESPIRATORY FAILURE

HIGH FLOW NASAL CANNULA



SO ≥ 10 l/min, 
HFO 50 l/min, FIO2 1.0 (82 %), 
NIV VT 7-10 ml/kg (PS 8, PEEP 5, 67%,  9.3 
ml/kg), 8 hrs daily X 2d

RCT HFNT vs. NIV vs. SO in de novo ARF



Frat et al. NEJM 2015; 372: 2185-96

PRIMARY END POINT - INTUBATION



Late HFNT Failure & ETI may cause harm



Intubation: RR 0.85 [95% CI 0.74-0.99]

Escalation of respiratory support: RR 0.71 [0.51-0.98]

Rochwerg B et al. ICM 2020



ERS Task force

PICO Question 1 : Should HFNC or COT be used in 
patients with acute hypoxemic respiratory failure?

Recommendation 1: We suggest the use of HFNC over 
COT in adults acute hypoxemic respiratory failure 
(conditional recommendation, moderate certainty of 
evidence). 

Oczkowski S. et al ERJ 2021 ahead of print

Intubation: RR 0.89 [95% CI 0.77-1.02]

Escalation to NIV: RR 0.76 [0.43-1.34]



ERS Task force

Oczkowski S. et al ERJ 2021 ahead of print
The impact on mortality is likely small



ACPE



Studies on HFNT in ACPE

Masip J et al EHJ 2018



Algorythm for noninvasive respiratory support in acute heart failure

Masip J et al EHJ 2018

HFNT may be 
an alternative, 

in pts 
requiring 

prolonged NIV



Osman, A. et al European Heart Journal. Acute Cardiovascular Care, 2021



ACUTE HYPERCAPNIC RESPIRATORY FAILURE: 
is there a clinical role for HFNC?

HIGH FLOW NASAL CANNULA



Design: single retrospective
33 pts AHRF PaCO2 56.3±10.7
Setting: MICU

J Thorac Dis. 2018 



56 pts
53 pts

HFNC  is equivalent to NIV in avoiding intubation in AHRF

pH= 7.31+0.02

Design: prospective observational
Settings:  92 AECOPD- moderate 
hypercapnia pCO2 > 45 pH 7.25-7.35
Intervention: HFNC vs. NIV
Primary outcome: intubation rate & 
mortality @ 30 days

Clin Respir J 2018



• 79 pts with mild-to-moderate AECOPD randod to HFNT or NIV

• Primary endpoint: mean difference in PaCO2 at 2 hours

• HFNT was non-inferior to NIV for the primary outcome

• 32% of HFNT switched to NIV within 6 hours 

• 57% of HFNT received NIV during hospitalization

• Longer time on NIV in patients randomized to HFNTmize

Cortegiani A et al Critical Care 2020



Design: Randomized, controlled, non-inferiority trial (China, 2 ICUs)
Patients: AECOPD with pH 7.25–7.35, PaCO₂ ≥ 50 mmHg
Primary Outcome: Treatment failure (intubation or treatment switch)



• Treatment failure:
• HFNC: 25.7%
• NIV: 14.3%
• Risk difference: +11.4% (exceeded 

non-inferiority margin)
• Intubation rates:
• HFNC: 14.2%
• NIV: 5.4% (p = 0.026)
• ICU/hospital stay and 28-day 

mortality: No significant difference

Tan et al Crit Care 2024



Study Design (COPD Arm)
•Part of a large multicenter bayesian RCT comparing HFNC vs NIV across 5 respiratory failure 
phenotypes
•Patients: 273 patients with AECOPD + respiratory acidosis
•Primary endpoint: Composite of intubation or death by Day 7
📈 Key COPD Results
•Treatment failure (intubation or death at Day 7):

• HFNC: 28.6%
• NIV: 26.2%
• Odds ratio: 1.05 (95% Credible Interval: 0.79–1.36)

•HFNC was non-inferior to NIV  in AECOPD for preventing intubation or death at 7 days — 
offering a viable alternative, especially where NIV is not tolerated.
(Posterior probability of non-inferiority = 0.992)



0.2 1 1.55 6

1.02 (0.81 to 1.26)

1.07 (0.81 to 1.39)

1.05 (0.79 to 1.36)

0.97 (0.73 to 1.23)

1.13 (0.94 to 1.38)

0.999

0.989

0.992

0.997

0.997

0.433

0.334

0.375

0.575

0.136

Hypoxemic nonimmunocompromised

Hypoxemic Immunocompromised

COPD exacerbation

Acute cardiogenic pulmonary edema

COVID-19

81/249 (32.5)

16/28 (57.1)

10/35 (28.6)

14/136 (10.3)

223/435 (51.3)

78/236 (33.1)

8/22 (36.4)

11/42 (26.2)

29/136 (21.3)

210/447 (47.0)

High-Flow Nasal
Oxygen

n/N (%)

Noninvasive
Ventilation

n/N (%) Noninferiority Superiority

Model-Fitted Median Odds Ratio
(95% credible interval)

Posterior probabilities

Noninferiority Margin

PRIMARY OUTCOME WITH BORROWING 

HFNO better NIV better



0.2 1 1.55 6

Hypoxemic nonimmunocompromised

Hypoxemic Immunocompromised

COPD exacerbation

Acute cardiogenic pulmonary edema

COVID-19

81/249 (32.5)

16/28 (57.1)

10/35 (28.6)

14/136 (10.3)

223/435 (51.3)

78/236 (33.1)

8/22 (36.4)

11/42 (26.2)

29/136 (21.3)

210/447 (47.0)

High-Flow 
Nasal 

Oxygen

n/N (%)

Noninvasive
Ventilation

n/N (%) Noninferiority Superiority

Model-Fitted Median Odds Ratio
(95% credible interval)

Posterior probabilities

Noninferiority Margin

PRIMARY OUTCOME WITHOUT BORROWING 

0.98 (0.73 to 1.33) 0.996

2.56 (1.14 to 5.68) 0.144

1.48 (0.67 to 3.09) 0.549

0.52 (0.29 to 0.91) 0.999

1.16 (0.94 to 1.43) 0.992

0.542

0.023

0.192

0.970

0.111

HFNO better NIV better



2024

Design: Multicenter, randomized, noninferiority trial (Greece, 3 
centers)
Patients: AECOPD with pH 7.25–7.35 and PaCO₂ > 45 mmHg
Primary Endpoint: Treatment failure (IOT or treatment switch)
Secondary Endpoints: Comfort (dyspnea, VAS), respiratory 
parameters, complications



2024

Treatment failure: NIV 14.81 % (8/54) vs HFNT 19.61 % (10/51) 
Observed risk difference in treatment failure between groups was 4.80 %,



Oczkowski S, et al. Eur Respir J. 2022;59(4):2101574

PICO 8: Should HFNC or NIV be used in 
patients with acute hypercapnic respiratory 
failure?

Low certinity of evidence



How likely it occurs in your practice to use HFNT in COPD 
exacerbation with hypercapnia?

1176 respondents among ERS Assembly 2, 1 and 9  

Crimi C. et al BMJOR in press



In the NIV intervals



At NIV stop:

Random Crossover 
vs



PEEP effect

Generate a slight positive pressure

Dead Space Washout

Effectively washout CO₂

Mucociliary Clearance

Humidification improves mucus clearance

Reduces Work of breathing

Improvement in the breathing pattern

Accurate and stable oxygen delivery

Improves Oxygenation

HFT

Home HFT in Chronic Respiratory Failure 



Chronic Respiratory Failure with Hypoxemia

OHS
COPD

BronchiectasisEmphysema
Emphysema

CPFE
ILD

Pmeumonia
Mucus plugging

Atelectasis

Chronic Respiratory Failure with Hypercapnia

Respiratory muscles 
dysfunction

Respiratory muscles 
loads

LUNG FAILURE PUMP FAILURE

PEEPi
RaW

Pmus

Pathophysiology of Chronic Respiratory Failure 

Crimi C 2025 in press



COPD



What are the potential benefits of home HFNT in COPD?

Improve 
nocturnal 
alveolar 

ventilation
Biselli PJC, et al. 2017

Improve 
secretions 

management
Hasani A, et al. 2008
Rea H, et al. 2010

Improve 
quality of life

Storgaard LH, et al. 2018
Nagata H, et al. 2017

Reduce acute 
exacerbation 

and 
hospitalisation 

rates
Storgaard LH, et al. 2018

Reduce 
work of 

breathing 
Fraser JF, et al. 2016
Pisani L, et al. 2017

Implications into everyday clinical practice



HFT CHRONIC USE

73%
DO NOT prescribe 

home HFT

The primary Barrier 
Lack of Funding/Reimbursement

(44%)  #1 blocker

Estimated continuation after 
acute initiation: median ~13.5%

Crimi C. et al BMJ Open Respiratory Research 2025



Perceived Long-term use of HFT in Europe

PATIENT PROFILE

Crimi C. et al BMJ Open Respiratory Research 2025



Hypoxemic Hypercapnic

COPD: choosing the right patient



Hypoxemic Hypercapnic

COPD: choosing the right patient



Storgaard et al.

Ø RCT of 200 pts in  Denmark 
between Dec 2013 & July 2015

Ø COPD with chronic hypoxemic 
respiratory failure on LTOT > 3 
months prior to RCT inclusion. 

average HFNT use 
of 6–7hours/day

Primary outcome: rate of AECOPD



average HFNC use 
of 6–7 hours/day

Storgaard et al.



The Patient Perspective: 
Meaningful lifestyle Changes

Storgaard LH, et al. COPD 2020 (Qualitative thematic analysis)



Hypoxemic Hypercapnic

COPD: choosing the right patient



Primary Outcome: change in 
QOL as assessed by SGRQ 

and pCO2

HFNC 30-40 l/min
At least 4h

6 weeks
29 pts

Nagata et al



FLOCOP study 

Nagata et al medRxiv preprint doi: https://doi.org/10.1101/2021.05.21.21257508; posted May 23, 2021 

HFNC

LTOT

104 stable hypercapnic COPD
52 weeks
Aim: frequency of moderate/severe 
COPD exacerbations

7 h/day

HFNT prolonged the duration without moderate or severe COPD exacerbations over the 52-week study period



COPD with hypoxemia

Storgaard et al. International Journal of COPD 2018

- RCT from Denmark
- n=200 COPD on LTOT > 3m
- Aim: exacerbations

COPD with hypercapnia

Nagata et al. American Journal Respiratory Critical Care 2022

- RCT from Japan
- n=104 stable hypercapnic COPD (mean pCO2 52)
- Aim: moderate/severe COPD exacerbations

HFT

LTOT

The COPD Paradox: Perceptions vs RCT



Perceived Long-term use of HFT in Europe

PATIENT PROFILE

Crimi C. et al BMJ Open Respiratory Research 2025



The Palliative Paradox: Comfort over RCT

Human empaty drives practices ahead of RCTs!

Driver: 
Perceived comfort 
& dyspnea relief

Driver: 
Lack of robust RCTs



Dyspnea palliation
End-stage COPDNIV intolerant patients

NIV intolerant Patients? Palliation?

Weinreich et al. J. Clin. Med. 2023

- Retrospective from Denmark
- n=33 COPD with CRF
- Aim: Impact of LT-HFT & LT-NIV in end-stage COPD

- 25% of LT-NIV switched to HFT due to NIV-intolerance

Weinreich et al. J. Clin. Med. 2023

- Retrospective from Denmark
- n=33 COPD with CRF
- Aim: Impact of LT-HFT & LT-NIV in end-stage COPD
- 44% of LT-HFT PTS reinitiated HFT at end-of-life for symptom relief.

Transition Between Devices  



Bronchiectasis



Bronchiectasis

• Permanent airway dilation

• Inflamed, dilated, easily collapsible bronchi

• Airflow obstruction

• Impaired clearance of secretions



O'Donnell AE. Bronchiectasis - A Clinical Review. N Engl J Med. 2022;387(6):533-545.

Bronchiectasis and muco-obstructive lung diseases

Boucher RC. Muco-Obstructive Lung Diseases. N Engl J Med. 2019;380(20):1941-1953.



Enhanced mucus 
production

Inflammation

Infection 
Impaired host defense

Vicious cycle



We have to fight against the monster “mucus”!

CHRONIC HYPERSECRETION is associated with:

§ More and faster lung function decline

§ Worse QoL for patients

§ Increased risk of exacerbation/hospitalization

§ Increased risk of mortality

Ramos FL.  et al. Int J Chron Obstruct Pulmon Dis 2014 ; 24;9:139-50
Kim V. et al. Am J Respir Crit Care Med. 2013;187(3):228–237

Finklea JD, et al.Respir Med. 2010
Chalmers et al BSI index. AJRCCM 2014 Mar 1;189(5):576-85 



Mucus Plug



Bronchiectasis - an orphan disease

Eur Respir J. 2016 Jan;47(1):186-93.

• A growing clinical problem

• 40% increase in prevalence over 10 years

• “The most neglected disease in 
respiratory medicine”

• “Too complex disease”
• “Too heterogeneous”
• “Not a real disease”



Exacerbations:
risk factors for poor 

outcomes



Respiratory Medicine 2010



average HFNC use 
of 1–2 hours/day



31.3% 

HFT significantly reduced exacerbation rates and improved QoL compared 
with usual care in pts with bronchiectasis

45 pts with BE

Good et al



Crimi C, Nolasco S, Campisi R, et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary 
Retrospective Observational Case-Control Study. J Clin Med. 2022;11(24):7323



High-flow nasal therapy settings and 
study outcomes

1. Annual exacerbation rate

Primary outcome

Secondary outcomes

2. Annual hospitalization rate

3. mMRC dyspnea scale

4. Difficulty of mucus expectoration (VAS)

5. Quality of life (SGRQ)

6. Pulmonary function (FEV1, FVC, FEF25–75)

Crimi C, et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary Retrospective Observational Case-Control Study.
J Clin Med. 2022;11(24):7323

• Flow: 25 - 40 L/min

• Temperature: 34°C - 37°C

• Minimum of 6 h a day, preferably at night

• If necessary, FiO2 was adjusted to maintain SpO2 ≥ 92%

F&P myAIRVO™ 2 settings



Baseline patients characteristics

Crimi C, et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary Retrospective Observational Case-Control Study.
J Clin Med. 2022;11(24):7323



Exacerbation and hospitalization rate

Crimi C. et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary Retrospective Observational Case-Control Study.
J Clin Med. 2022;11(24):7323

- 33.4% - 41.7%



Dyspnea, mucus expectoration and
quality of life

Crimi C, Nolasco S, Campisi R, et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary 
Retrospective Observational Case-Control Study. J Clin Med. 2022;11(24):7323



Pulmonary function

Crimi C, et al. Long-Term Domiciliary High-Flow Nasal Therapy in Patients with Bronchiectasis: A Preliminary Retrospective Observational Case-Control Study.
J Clin Med. 2022;11(24):7323



Calabrese, Crimi et al JCM 2024



HFT & MUCUS PLUGS

Crimi C. ERJOR 2025



Crimi C. ERJOR 2025

HFT & MUCUS PLUGS



Occluding mucus plugs in 
patients with obstructive 

lung diseases: 
a new treatable trait?

Augustì A ERJ 2025



Diaz A. et al JAMA 2023

Mucus Plugs & Mortality

4363 active smoker COPD pts
Median FU 9.5 yrs



HOME HFT USE: RATIONALE



Target Population

• COPD
• Bronchiectasis
• Palliative care

Rationale for Home HFNT use

Overall Advantages



Do we really need this?! Is Respiratory failure Phenotype enough?

Treat patients independent of diagnostic labels!



Target Population

• COPD
• Bronchiectasis
• Palliative care

Rationale for Home HFNT use

Overall Advantages

HYPOXIC?           HYPERCAPNIC?



Chronic Respiratory Failure with Hypoxemia

OHS
COPD

BronchiectasisEmphysema
Emphysema

CPFE
ILD

Pmeumonia
Mucus plugging

Atelectasis

Chronic Respiratory Failure with Hypercapnia

Respiratory muscles 
dysfunction

Respiratory muscles 
loads

LUNG FAILURE PUMP FAILURE

PEEPi
RaW

Pmus

Pathophysiology of Chronic Respiratory Failure 

Crimi C 2025 in press



Clinical Presentation

Coughing + shortness of breath

Bronchiectasis 
Overlap

OSA Overlap

Emphysema

Combined 
Pulmonary Fibrosis 
Emphysema (CPFE)

LTOT

HFT

CPAP/NIV

Chronic 
Bronchitis

Bronchiolitis

Phenotyping Targeted Non-Pharmacological 
Therapy

Chronic Respiratory Failure

COPD is an heterogeneous disease



BARRIERS TO ADOPTION
The main barrier is not physiology. It’s organisation.



HFT

HFT image from https://www.medmastery.com



How to implement HFT

Cannula selection

Appropriate size for the patient’s nostrils

Initial Settings

Flow 20-30 L/min, FiO₂ to achieve SpO₂ 88-92%, T adjustment for pt comfort

Titration

Adjust based on comfort and parameters

Assess SpO₂, RR, dyspnea, pH, PaCO₂, PaO₂

Monitoring

Individualized 
approach in 

settings, titration, 
and monitoring

HFT

HFT image from https://www.medmastery.com



HFT

HFT image from https://www.medmastery.com



HFT

DEVICE

Vega et JCM 2023HFT image from https://www.medmastery.com



How to implement HFT

Cannula selection

Appropriate size for the patient’s nostrils

Initial Settings

Flow 20-30 L/min, FiO₂ to achieve SpO₂ 88-92%, T adjustment for pt comfort

Titration

Adjust based on comfort and parameters

Assess SpO₂, RR, dyspnea, pH, PaCO₂, PaO₂

Monitoring

Individualized 
approach in 

settings, titration, 
and monitoring

HFT

HFT image from https://www.medmastery.com





Select the appropriate cannula size

How to choose the 
interface?

Prongs must not seal the nares



Asymmetrical cannula

The large prong optimizes pressure The small prong optimizes CO2 Clearance



Dead space clearance

SIMMETRIC ASIMMETRIC



How to implement HFT

Cannula selection

Appropriate size for the patient’s nostrils

Initial Settings

Flow 20-30 L/min, FiO₂ to achieve SpO₂ 88-92%, T adjustment for pt comfort

Titration

Adjust based on comfort and parameters

Assess SpO₂, RR, dyspnea, pH, PaCO₂, PaO₂

Monitoring

Individualized 
approach in 

settings, titration, 
and monitoring

HFT

HFT image from https://www.medmastery.com



Li J, Crit Care. 2023



Effects of flow settings on Δ Pes (A), PTP (B), and WOB (C). HFNC, high-flow nasal cannula; Δ Pes: esophageal 
pressure swings (cmH2O); PTP: esophageal pressure–time product per minute (cmH2O·s/min); WOB, work of 

breathing (J/min)

Li J, Crit Care. 2023



HFT: mechanism of action

Williams ICM 2016

• Pisani Thorax 2017

Mudel JAP 2013 Hasani Chr Resp Dis  
2008

Mucociliary clearancePrecise O2 delivery Expiratory resistance

WOB



O'Driscoll BR, BTS guideline for emergency oxygen use in adult patients Thorax. 2009

How to set the oxygen?



Estimated FiO2 according to flow setting



The Strategy



Impact of flow and 
temperature on patients’ 
comfort during HFNT

Mauri T et al. Crit Care 2020





Is HFT indicated?

Appropriate 
settings

HFT bundle
Treatment of 

underlying medical 
problem

Schedule 
Follow-up

Explain 
treatment to 
the patient HFT



Crimi C et al ERJOR 2024

Swallowing during High-flow Nasal Therapy



Problem (patient says…) Most likely cause Practical fix

Too noisy Flow too high / poor cannula fit ↓ Flow stepwise; check cannula 
size; secure tubing

Dry nose Inadequate humidification / low 
temperature / empty chamber

↑ Temperature; check humidifier + 
water chamber; nasal hygiene

Can’t tolerate flow Air jetting / discomfort / dryness
Start lower flow and titrate; 
consider split sessions; nasal 
gel/spray

SpO₂ still low Mouth breathing / insufficient FiO₂ 
/ oxygen source issue

Check O₂ source; ↑ FiO₂; 
encourage nasal breathing; 
reassess

CO₂ rising / persistent distress Chronic hypoventilation / HFNC 
failure

Reassess clinically; trial NIV (do not 
delay escalation)

Troubleshooting



Limitations & Future outlook





claudia.crimi@unict.it


