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Abstract

High-flow nasal cannula (HFNC) is a noninvasive respiratory support system that de-
livers air that is heated at 31°C−38°C, humidified 100%, and oxygen-enriched at a con-
stant high flow rate of 15−60 L/min. Because of its numerous physiological benefits, 
convenience, and minimal side effects, HFNC has been increasingly used over the past 
decade in patients with acute hypoxemic respiratory failure, yet the clinical benefits of 
long-term HFNC remain uncertain. Several studies have suggested its potential use 
as an alternative home oxygen therapy for patients with chronic stable lung diseases, 

HFNC = high flow nasal cannula
COPD = chronic obstructive pulmonary disease

Home HFNC
Oxygen (~FiO2 100%)

Constant high flow
Humidified gas

Severe stable COPD
with persistent hypoxemia

Bronchiectasis with one
or more exacerbations

Interstitial lung disease
with persistent hypoxemia

Severe stable COPD
with persistent hypercapnia
(PaCO2 >45 mm Hg or 6 kPa)
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Hospital admission
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Introduction

Oxygen therapy has been a cornerstone in the manage-
ment of hypoxemia, and in supporting patients at risk of 
this condition1. Conventional oxygen therapy (COT), in-
volving the delivery of oxygen via nasal cannula or face 
mask, has been the traditional frontline treatment for 
both acute and chronic hypoxemia2. However, the inad-
equate heating and humidification of the gas mean that 
its capacity to deliver oxygen is limited to flow rates of 
up to 15 L/min, which as flow rates increase, can cause 
patient discomfort2.

High-flow nasal cannula (HFNC) oxygen therapy rep-
resents an advanced approach that can deliver oxygen 
at higher flow rates (above 15 L/min), while ensuring 
adequate heating and humidification3. Since the pub-
lication in 2015 by the FLORALI study group of the 
landmark randomized controlled trial (RCT), HFNC has 
gained considerable attention as an innovative, nonin-
vasive respiratory support method3,4. Compared to COT, 
HFNC offers greater comfort and improved efficiency5, 
and recent guidelines have endorsed HFNC over COT 
to manage hypoxemic acute respiratory failure6,7.

In contrast to established international guidelines 
for long-term oxygen therapy (LTOT) and noninvasive 
ventilation (NIV)8,9, the evidence supporting the use 
of HFNC in long-term home settings, particularly for 
hypercapnic respiratory failure, remains limited. While 
some studies have reported that long-term HFNC re-
duces exacerbation rates in patients with chronic air-
way diseases, such as chronic obstructive pulmonary 
disease (COPD)10-12, other studies, including systematic 
meta-analyses, have yielded inconsistent findings13-15. 
These discrepancies may stem from the inclusion of 
heterogeneous study populations, combining acute 
and chronic patients, as well as short-term and long-
term treatment protocols.

Although the benefits of home HFNC may not apply 
uniformly across all chronic respiratory patients, there 
may be specific subgroups that stand to benefit more 

from HFNC, compared to LTOT or NIV. This article 
reviews the existing literature to evaluate the role of 
HFNC in home oxygen therapy (Tables 1, 2)10,11,16-36, 
and proposes optimal settings for its long-term use at 
home, based on findings from previous research (Table 
3)9,34,37.

Literature Search and Selection

The literature was searched in PubMed for relevant 
articles published in English up to June 2024. The in-
dexing terms used were ‘high flow nasal cannula’ OR 
‘high flow therapy’ OR ‘high flow oxygen therapy’ OR 
‘high flow nasal oxygen’ OR ‘nasal high flow’ OR ‘HFNC.’ 
The terms ‘home’ OR ‘domiciliary’ OR ‘long-term’ were 
also used to retrieve publications that were focused on 
patients undergoing long-term HFNC therapy. Eligible 
studies included clinical research articles, reviews, 
meta-analyses, and case reports, while editorials were 
excluded. The full text of each searched article was 
reviewed by the authors, and finally, relevant articles 
were selected.

Physiology of HFNC

The HFNC system consists of a flow generator (e.g., 
air-oxygen blender with a flow meter), an active heat-
ed humidifier, a single-limb heated circuit, and a nasal 
cannula38. It can deliver flow rates of up to 60 L/min, 
and reliably achieve a fraction of inspired oxygen (FiO2) 
of up to 100%. This system provides several physiolog-
ical benefits that include improved mucociliary clear-
ance, dead space washout, reduced work of breathing 
(WOB), and increased positive airway pressures39,40.

1. Higher and more stable FiO2

Alveolar oxygen delivery depends on the flow rate of 
supplemental oxygen, FiO2, and the patient’s sponta-
neous inspiratory demand41. Low-flow oxygen devices, 
such as nasal cannula or masks, can deliver oxygen 

such as chronic obstructive pulmonary disease (COPD), interstitial lung disease, and 
bronchiectasis. The use of long-term home HFNC in patients with chronic respiratory 
failure is an emerging area with promising potential. Despite limited clinical research, 
this review aims to describe the physiology of HFNC use and summarize the current 
evidence on its long-term application, to provide healthcare providers with insights and 
perspectives on the potential role of long-term home HFNC.

Keywords: High-Flow Nasal Cannula; Home; Oxygen; Chronic Lung Disease
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Table 1. Clinical studies of home HFNC on patients with stable COPD

Study Patient groups No. of 
patients Study design HFNC setting Results

Rea et al. 
(2010)10

Stable COPD or 
bronchiectasis

108 Randomized, open-
labeled, controlled 
trial: HFNC+usual 
care vs. usual care 
(12 mo)

Flow 20−25 L/min
HFNC use 1.6±0.67 

hr/day
Temperature 37°C

↓ Exacerbation rate
↑ Time to first 

exacerbation
↑ QoL and lung 

function

Braunlich et al. 
(2015) 24

Stable COPD 
with daytime 
hypercapnia 
(PaCO2 ≥50 mm 
Hg)

11 Prospective cross-
over study: HFNC vs. 
NIV (6/6 wk, at least 
5 hr/day)

Flow 20 L/min (HFNC 
group)

Device use >5 hr/day

Both HFNC and NIV 
reduced PaCO2

Fraser et al. 
(2016)26

Stable COPD in 
LTOT

30 Randomized cross-
over study: HFNC 
vs. LTOT (20 min for 
each)

Flow 30 L/min ↓ TcO2, TcCO2, RR, I:E 
ratio

↑ Vt and EELV

Pisani et al. 
(2017)21

Stable 
hypercapnic 
COPD

14 Randomized cross-
over study

HFNC 20 L/min vs. 
30 L/min vs. NIV 
(for every 30 min)

↓ RR, intrinsic PEEP 
and PTPdi

More pronounced 
effects with mouth 
closed

Braunlich et al. 
(2018)22

Stable 
hypercapnic 
COPD (PaCO2 
>45 mm Hg)

36 Comparison between 
four conditions 
(different flow rates 
and nasal prong 
positions)

A: 20 L/min (two 
prongs inside)

B: 40 L/min (two 
prongs inside)

C: 40 L/min (one 
outside, open)

D: 40 L/min (one 
outside, closed)

Greater reductions in 
PaCO2 with higher 
flow rates and air 
leakages (D > C > B 
> A)

Nagata et al. 
(2018)16

Stable 
hypercapnic 
COPD

32 Randomized, 
cross-over study 
(9 hospitals): 
HFNC+LTOT vs. 
LTOT (6 wk for each)

Flow 29.2±1.9 L/min 
(A)

Flow 30.3±4.6 L/min 
(B)

HFNC use 7.1±1.3 
hr/day (A)

HFNC use 8.6±2.9 
hr/day (B)

Improved PaCO2, 
pH, and nocturnal 
PtcCO2

↑ QoL

Storgaard et al. 
(2018)18

COPD with 
hypoxemic 
respiratory 
failure in LTOT

200 Randomized clinical 
trial: HFNC+LTOT vs. 
LTOT (12 mo)

Flow 20 L/min
HFNC use 6 hr/day

↓ AECOPD, hospital 
admission, and 
PaCO2

↑ mMRC, QoL, and 
6MWT

Similar mortality 
rates

Braunlich et al. 
(2019)23

Stable COPD 
with daytime 
hypercapnia 
(PaCO2 ≥50 mm 
Hg)

94 Randomized, cross-
over study (13 
hospitals): HFNC vs. 
NIV (6 wk for each)

Flow 19.8±0.6 L/min
HFNC use 5.2±3.3 

hr/day
NIV use 3.9±2.5 hr/

day

Both HFNC and NIV 
reduced PaCO2 and 
improved QoL

Weinreich et al. 
(2019)27

Advanced COPD 
patients with 
chronic hypoxic 
failure

100 Post hoc analysis 
from an RCT18: 
patients with 0 or 
1 exacerbation 
vs. those with ≥2 
exacerbations in the 
preceding year

HFNC use 6.1 vs. 6.0 
hr/day

↓ Exacerbation & 
hospitalization 
rates in those with 
≥2 exacerbations in 
the preceding year
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at a maximum of 15 L/min. In these systems, room air 
containing 21% FiO2 dilutes the high FiO2 provided by 
the oxygen device42. In contrast, HFNC devices can 
meet or exceed the patient’s inspiratory flow demand, 
which increases from 30 L/min at rest, to up to 100 
L/min during respiratory failure43. By delivering flows 

higher than the patient’s inspiratory demand, HFNC 
minimizes room air entrainment, enabling the accurate 
delivery of high FiO2.

2. Dead space washout
By effectively removing expired gas from the upper 

Table 1. Continued

Study Patient groups No. of 
patients Study design HFNC setting Results

Storgaard et al. 
(2020)19

COPD with 
hypoxemic and 
hypercapnic 
failure (PaCO2 
>45 mm Hg)

74 Post hoc analysis 
from an RCT18: 31 
HFNC plus LTOT vs. 
43 LTOT for 12 mo

Flow 20 L/min
HFNC use 8 hr/day

↓ PaCO2 (more 
effective for those 
with higher baseline 
PaCO2)

↓ Exacerbation rate
↓ Hospital admission 

rate

Pisani et al. 
(2020)20

COPD (±OSA) with 
hypercapnia who 
recovered from 
AECOPD

50 One-arm study 
with patients with 
pH >7.35 and PaCO2 
>45 mm Hg

Temp 31°C, up to 
37°C

FiO2 for SpO2 target 
92%−94%

Flow 33.5±3.2 L/min
HFNC use >8 hr/day 

(day and night)

↓ PaCO2 for 72 hr 
(in pure COPD not 
in overlap [COPD/
OSA])

More effective in 
those with lower 
baseline pH

Nagata et al. 
(2022)17

Stable COPD 
(GOLD 2−4; 
PaCO2 >45 mm 
Hg and pH 
>7.35)

104 Multicenter RCT: 49 
HFNC+LTOT vs. 60 
LTOT for 12 mo

Temperature 37°C
Flow 28.5±4.57 L/

min
HFNC use 7.3±3.0 

hr/day

↓ AECOPD 
(moderate/severe)

↑ QoL (SGRQ)
↑ SpO2

Weinreich et al. 
(2023)25

COPD with 
hypoxic or 
hypercapnic 
respiratory 
failure or both

33 LTOT plus HFNC vs. 
LTOT plus NIV for 12 
mo

Not described Both HFNC and 
NIV reduced 
hospitalization rates

HFNC is more 
tolerable than NIV 
at the very end of 
COPD.

Milne et al. 
(2022)32

COPD on 
LTOT (cost-
effectiveness 
study)

99 55 HFNC+LTOT vs. 44 
LTOT

Not described ↑ Cost saving

Sorenssen et al. 
(2021)11

COPD with 
chronic hypoxic 
failure (cost-
effectiveness 
study)

200 HFNC+usual care 
(LTOT) vs. usual care

Not described ↑ Health-related QoL
ICER of £3,605 per 

QALY gained

Groessl et al. 
(2023)33

COPD on 
LTOT (cost-
effectiveness 
study)

200
(data from 
an RCT18)

QALYs using health 
utility values 
associated with 
acute exacerbations

Not described ↑ Healthcare benefit
↑ Cost saving

HFNC: high-flow nasal cannula; COPD: chronic obstructive pulmonary disease; QoL: quality of life; PaCO2, partial pressure of carbon 
dioxide; NIV: noninvasive ventilation; LTOT: long-term oxygen treatment; TcO2: transcutaneous O2; TcCO2: transcutaneous CO2; RR: 
respiratory rate; I: inspiration; E: expiration; Vt: tidal volume; EELV: end-expiratory lung volume; PEEP: positive end-expiratory pressure; 
PTPdi: trans-diaphragmatic pressure–time product; PtcCO2: transcutaneous PCO2; AECOPD: acute exacerbation of COPD; mMRC: 
modified Medical Research Council; 6MWT: 6-minute walk test; RCT: randomized controlled trial; OSA: obstructive sleep apnea; FiO2: 
fraction of inspired oxygen; SpO2: saturation of partial pressure oxygen; GOLD: Global Initiative for Chronic Obstructive Lung Disease; 
SGRQ: St. George’s Respiratory Questionnaire; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year.



Y Chang et al.

https://doi.org/10.4046/trd.2024.0196 https://e-trd.org/ 268

Table 2. Clinical studies of home HFNC on patients with bronchiectasis and ILD

Study Patient groups No. of 
patients Study design HFNC setting Results

Hasani et al. 
(2008)34

Bronchiectasis 10 Physiology study: 
mucociliary 
clearance of (99 
m)Tc-labelled 
polystyrene tracer 
particles

Flow 20−25 L/min
HFNC use >3 hr/day
Temperature 37°C

High flow via 
humidification 
system improved 
mucociliary 
clearance

Good et al. 
(2021)28

Bronchiectasis 
with 2 or more 
exacerbations in 
the previous year 
and daily sputum 
production

45 A post hoc analysis of 
a previous RCT (by 
Rea et al.10): HFNC 
vs. usual care (12 
mo)

Temperature 37°C
Flow 20−25 L/min
HFNC use 1.7 hr/day

↓ Exacerbation rate
↑ Pulmonary function
↑ QoL (SGRQ)

Crimi et al. 
(2022)29

Bronchiectasis 
with a severe 
exacerbation in 
the previous year

40 Retrospective study: 
HFNC vs. optimized 
medical treatment 
(12 mo)

Temperature 34°C or 
37°C

Flow 20 (initial)–40 L/
min

HFNC use >6 hr/day 
(night)

SpO2 ≥92%

↓ Exacerbation rate
↓ Hospitalization
↑ Pulmonary function

Hui et al. 
(2020)35

Cancer involving 
the lungs 
without 
hypoxemia

44 Patients with SpO2 

>90% at rest:
High-flow oxygen vs. 

high-flow air vs. low-
flow oxygen vs. low-
low air

Symptom-limited 
cycle ergometry

High-flow air ~70 L/
min

High-flow oxygen 
100%

Low-flow oxygen and 
air 2 L/min

Temp 35°C and 37°C

↓ Exertional dyspnea 
(Borg dyspnea 
intensity)

↑ Exercise capacity

Weinreich et al. 
(2022)30

ILD on AOT or 
LTOT

10 A retrospective, 
cross-over study: 
HFNC (6 wk) vs. 
observation (6 wk)

Temperature 37°C
Flow 30 L/min
HFNC use 6.5 hr/day 

(night)

↑ Walking distance
↓ Dyspnea (mMRC)
↑ Minimum SpO2 

during 6MWT

Harada et al. 
(2022)36

Stable IPF with 
desaturation 
during 6MWT 
(not home 
setting)

24 Randomized, open-
labeled, cross-
over study (a single 
center): 12 HFNC vs. 
12 VM

Symptom-limited 
cycle ergometry

HFNC 37°C, 60 L/min 
(flow), 50% (FiO2)

VM: 12 L/min and 
50%

↑ Exercise duration
↑ Minimum SpO2

↓ Leg fatigue

Yanagita et al. 
(2024)31

Stable ILD (not 
home setting)

25 Three-treatment 
cross-over study: 
room air vs. HFNC 
(FiO2 0.21) vs. HFNC 
with oxygen (FiO2 

0.60)
Constant-load cycle 

ergometry.

Temp 34°C
Humidification 100%
Flow 40 L/min

↑ Exercise duration
↑ SpO2

HFNC: high-flow nasal cannula; ILD: interstitial lung disease; RCT: randomized controlled trial; QoL: quality of life; SGRQ: St. George's 
Respiratory Questionnaire; SpO2: saturation of partial pressure oxygen; AOT: ambulatory oxygen treatment; LTOT: long-term oxygen 
treatment; mMRC: modified Medical Research Council; 6MWT: 6-minute walk test; IPF: idiopathic pulmonary fibrosis; VM: venturi 
mask; FiO2: fraction of inspired oxygen.
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Table 3. Suggestions for home (long-term) HFNC

1. Indications (based on limited data)
   Stable COPD with persistent hypoxemia
      Alternating HFNC (night) and LTOT (daytime) is suggested.
      RCTs demonstrated that compared to usual care (or LTOT) only, HFNC plus usual care decreased acute exacerbations 
         and hospital admissions and improved quality of life.
   Stable COPD with persistent hypercapnia (PaCO2 >45 mm Hg or 6 kPa)
      HFNC showed no significant difference in PaCO2 reduction, compared to NIV.
      HFNC plus LTOT decreased acute exacerbations and PaCO2 and improved quality of life, compared to LTOT only.
      However, home NIV should be considered the first option for COPD patients with hypercapnia in accordance with 
         the guidelines37; home HFNC may serve as an alternative for COPD patients with mild to moderate hypercapnia.
   Bronchiectasis with one or more exacerbations in the previous year
      Small studies demonstrated that compared to usual care, HFNC decreased acute exacerbations and hospital 
         admissions and improved lung function.
   ILD with persistent hypoxemia
      Short-term studies using cycle ergometry demonstrated that compared to traditional oxygen therapy, HFNC improved 
         exercise capacity and SpO2.
      Currently, there are no studies on the long-term effects of HFNC.

2. Contraindications
   No absolute contraindications, except for cases with poor adherence.*

3. Prescription
   Home HFNC therapy should be prescribed by physicians.
   The following HFNC settings should be stated in the prescription:
      Flow (L/min), FiO2 (%), oxygenation target (SpO2), and a minimum time for HFNC use (6 hr/day)
   For LTOT during the hours without HFNC, a separate prescription should be made by physicians according to the guidelines9,34.

4. Settings
   Nasal cannula size
      Cross-sectional area should be no more than 50 % of the nares, or OD should be no more than 2/3 of the nares 
         (according to the manufacturer’s instructions).
   Large-sized cannula may decrease nuisance from high flow and decrease noise. However, it can hinder the effective 
         flush of CO2.
   Flow
      A flow rate of 20–40 L/min was used in most studies on long-term HFNC.
      Flow rates should be titrated from 15−20 L/min (initial flow) up to 20−40 L/min (if tolerated).
      Higher flows should be avoided for home HFNC treatment, as they can decrease adherence.†

   FiO2 and target oxygenation
      When the desired flow rate is reached, titrate FiO2 until the target SpO2 is obtained.
      Target SpO2 is equivalent to that of LTOT by the guidelines.‡

      A home HFNC requires a large amount of oxygen supply, compared to conventional nasal cannulas.
   Temperature
      Target temperature is usually 37°C.
      If 37°C is not tolerated, temperature can start from 31°C to 35°C.
   Time of use
      Daily use of HFNC of >6 hr/day should be encouraged.

5. Maintenance and follow-up visit
   Maintenance of device (according to the manufacturer’s instructions)
      Patients/caregivers should be instructed about daily cleaning and maintenance of the equipment, in accordance 
         with the manufacturer’s instructions.
      Do not fill with tap water (not boiled) or bottled water stored in warm conditions.
      Filter and water chamber should be changed every 2 to 3 months.
      Nasal cannula (with long tube) should be changed monthly.
      A cotton pad or wipe containing alcohol can be used to disinfect the cannula between uses.
      Nurses or providers need to check the condition of equipment regularly, as in the case of a home mechanical ventilator.
   Follow-up
      Regular follow-ups (outpatient visits) should be planned to check patient’s condition.
      During the regular follow-ups, appropriateness of flow rate and FiO2, as well as adherence, should also be checked.

*However, caution may be necessary when applying home HFNC to patients with head trauma: there is a case report of tension 
pneumocephalus68. †For pediatric patients, a more delicate adjustment of flow rate and cannula size is needed. The use of inappro-
priately large-sized cannula or high flow rate may be associated with barotrauma. ‡Care should be taken when increasing FiO2, as it 
can worsen existing hypercapnia in patients with COPD.
HFNC: high-flow nasal cannula; COPD: chronic obstructive pulmonary disease; LTOT: long-term oxygen treatment; PaCO2, partial 
pressure of carbon dioxide; RCT: randomized controlled trial; NIV: noninvasive ventilation; ILD: interstitial lung disease; SpO2: satura-
tion of partial pressure oxygen; FiO2: fraction of inspired oxygen; OD: outer diameter.
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airways, HFNC reduces anatomical dead space41. This 
mechanism flushes out CO2, creates an oxygen reser-
voir, increases alveolar ventilation, and reduces CO2 
rebreathing, leading to improved oxygenation44. The 
reduction of anatomical dead space is proportional to 
the increase in flow rate. Additionally, HFNC has been 
shown to improve thoraco-abdominal asynchrony in 
critically ill patients45. These effects collectively contrib-
ute to a reduction in dyspnea46, and respiratory rate47. 
However, despite these advantages, robust evidence 
for CO2 elimination using HFNC remains limited48.

3. Delivery of warmed and humidified gas
The active heated humidifier in the HFNC system, along 
with the connected heated circuit, delivers warmed 
and humidified gas, offering multiple physiological ben-
efits. Mucus secretion and mucociliary transport are 
vital to maintain respiratory defenses. The cilia lining 
the respiratory epithelium propel mucus, which traps 
particles and pathogens49. Since airway mucus is 97% 
water, adequate hydration is essential to effectively mo-
bilize secretion. Dry gas inhalation can lead to epithe-
lial desiccation, damage, and impaired mucosal func-
tion50,51. Proper humidification enhances mucociliary 
clearance, maintains mucosal function, and potentially 
reduces WOB52. Optimal alveolar temperature is 37°C 
with 100% relative humidity53, and inhaling warmed air 
at this level further supports mucociliary clearance51.

4. Increased positive airway pressure
Although HFNC is not a closed system and allows 
air leaks, increased flow rates induce expiratory re-
sistance, thereby increasing nasopharyngeal airway 
pressure54. HFNC at a flow rate of 35 L/min with the 
mouth closed generates approximately 2.7 cmH2O of 
airway pressure54. When the mouth is open, this pres-
sure can decrease to 1.2 cmH2O, but overall, mean 
airway pressure rises in proportion to increased flow 
rate55-57. Parke and McGuinness57 demonstrated that 
HFNC could produce a positive end-expiratory pres-
sure (PEEP) of 3−5 cmH2O at flow rates of 30−50 L/min 
with the mouth closed. PEEP offers several benefits 
that include prevention of alveolar collapse, improved 
oxygenation, enhanced lung compliance, and reduced 
respiratory effort, ultimately decreasing WOB54.

Home HFNC for Chronic Lung Diseases

1. COPD with hypercapnia
Recent studies have investigated the potential ben-
efits of home HFNC in patients with chronic stable 
hypercapnic COPD (Table 1). Although data remain 

limited, evidence suggests that home HFNC may pro-
vide effects that are comparable to home NIV, includ-
ing improved ventilation and symptom management. 
Moreover, compared to LTOT (defined as supplemental 
oxygen use for over 15 hours daily), home HFNC has 
shown promise in improving quality of life, lowering 
partial pressure of carbon dioxide (PaCO2) levels, and 
reducing the frequency of moderate to severe exacer-
bations10,16-20. These findings highlight its potential role 
as an adjunct therapy to manage chronic hypercapnic 
COPD.

1) Physiologic study
A study involving 14 patients with stable hypercapnic 
COPD demonstrated that using HFNC at flow rates of 
20–30 L/min reduced intrinsic PEEP, prolonged expi-
ratory time, and decreased the trans-diaphragmatic 
pressure–time product21. These physiological changes 
improved lung mechanics, reduced diaphragm fatigue, 
and alleviated WOB, ultimately ameliorating hypercap-
nia. Notably, when patients kept their mouths closed, 
these effects were more pronounced, likely due to 
better pressure maintenance and reduced air leakage. 
Another study of 36 patients with stable hypercapnic 
COPD (PaCO2 >45 mm Hg), using varying flow rates 
and degrees of air leakages, also showed significant 
reductions in hypercapnia across all participants22. 
However, those with higher flow rates (40 L/min) and 
higher air leakage (i.e., two prongs with one outside the 
nostril) experienced the greatest reductions in PaCO2, 
particularly those with baseline PaCO2 >55 mm Hg. 
This indicates airway washout and reduction of func-
tional dead space, rather than increased mean airway 
pressure, as important mechanisms of HFNC therapy 
in this patient group.

2) Randomized controlled trials
Braunlich et al.23 compared HFNC and NIV in COPD 
patients with baseline PaCO2 levels of 50 mm Hg or 
higher. In this study, 94 patients alternated between 
HFNC and NIV treatments every 6 weeks. Although the 
NIV group showed a slightly greater reduction in PaCO2 
(−7.1% vs. −4.7% for HFNC), the difference was not sta-
tistically significant. These findings suggest that HFNC 
may offer comparable CO2 reduction, with potentially 
greater comfort and ease of use.

A crossover RCT by Nagata et al.16 studied COPD 
patients at Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) stages 2–4 with hypercapnia. 
Participants alternated between two 6-week periods: 
HFNC/LTOT (HFNC at night, and LTOT during waking 
hours), and LTOT alone. During the HFNC/LTOT phase, 
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patients used HFNC at 30−40 L/min for at least 4 
hours during sleep. The results showed significant im-
provements in St. George’s Respiratory Questionnaire 
(SGRQ) scores, PaCO2 levels, nocturnal transcutaneous 
pCO2, and exacerbation rates (0% vs. 19% for HFNC/
LTOT vs. LTOT alone). A follow-up RCT also demon-
strated that adding HFNC to LTOT reduced moderate 
to severe exacerbation rates, compared to LTOT alone 
over 52 weeks, with an adjusted exacerbation ratio of 
2.85 (95% confidence interval, 1.48 to 5.47)17. Although 
most benefits were observed in moderate exacerba-
tions, limiting conclusions about severe exacerbations 
or mortality, this marked the first RCT to demonstrate 
that home HFNC reduces exacerbations.

3) Non-randomized controlled trials
Studies that focus exclusively on hypercapnic COPD 
patients are limited. In 2015, Braunlich et al.24 reported 
the results of a crossover study, which served as a pre-
cursor to their multicenter crossover RCT23. This earlier 
study involved stable hypercapnic COPD patients with 
PaCO2 ≥50 mm Hg, who alternated between HFNC 
and NIV for at least 5 hours per day over a 6-week pe-
riod. At the end of each intervention, no statistically 
significant differences between the two groups were 
found in the changes in PaCO2. Although the NIV set-
tings in this study were not explicitly described, HFNC 
was administered at a maximum flow rate of 20 L/min. 
Subsequent research by the same group included a 
post hoc  analysis from an RCT originally conducted 
on COPD patients with chronic hypoxemic respiratory 
failure, focusing on those with hypercapnic respira-
tory failure19. This analysis demonstrated that over a 
12-month period, patients receiving HFNC with LTOT 
showed reductions in PaCO2 levels, exacerbation rates, 
and hospital admissions, compared to the LTOT-only 
group. A more recent retrospective study by Weinreich 
and Storgaard25 compared long-term HFNC and long-
term NIV as secondary add-on therapies for patients 
already on LTOT. Both groups showed reduced hospi-
talization rates over 12 months (HFNC: from 2.5 to 1.5 
admissions, p=0.022; NIV: from 2.9 to 1.6 admissions, 
p=0.014).

2. COPD with hypoxemia
LTOT is known to prolong survival in COPD patients 
with severe resting hypoxemia58-60. Additionally, LTOT 
improves exercise capacity61, neuropsychiatric func-
tion62, health-related quality of life63, and pulmonary 
hemodynamics64. HFNC therapy, which was originally 
designed for hospital use, is also gradually being in-
troduced as a home-based treatment for patients with 

chronic respiratory diseases26,44,65. Short-term studies 
of patients with stable, advanced COPD and chronic 
hypoxemic respiratory failure showed HFNC therapy to 
be associated with reductions in respiratory rate and 
PaCO2, as well as improved exercise performance26,44,65.

Table 1 includes clinical studies of patients with 
COPD and chronic hypoxemic respiratory failure. In 
an RCT by Storgaard et al.18 (the Aalborg study), 200 
patients with COPD and chronic hypoxemic respirato-
ry failure were randomized to receive usual care with 
or without HFNC. The HFNC group, who used the 
device for an average of 6 hours daily, demonstrated 
significantly fewer acute exacerbations (3.12/patient/
year vs. 4.95/patient/year, p=0.001) and hospital admis-
sions, along with improvements in modified Medical 
Research Council and SGRQ scores18. However, no sig-
nificant difference between the two groups in all-cause 
mortality was observed. Post hoc  analysis revealed 
that HFNC showed the greatest benefit in patients 
with two or more exacerbations in the year prior to the 
study, significantly reducing both exacerbation rates 
and hospitalization days27. Similarly, an RCT by Rea et 
al.10 studied 108 patients with COPD or bronchiectasis 
who in the previous 12 months had experienced at 
least two exacerbations. Compared to the usual care, 
patients using humidification therapy over 12 months 
experienced fewer exacerbation days (18.2 days vs. 
33.5 days, p=0.045), longer time to first exacerbation 
(52 days vs. 27 days, p=0.049), and improvements in 
quality of life and lung function10. However, the Aalborg 
study interestingly observed a significant reduction in 
exacerbation rates with a longer duration of HFNC use, 
i.e., 6−7 hr/day, which underscores the importance of 
consistent usage18.

HFNC appears to be more effective than usual care or 
other home respiratory therapies as a long-term strate-
gy to reduce exacerbations and enhance quality of life 
in patients with stable COPD. However, it does not im-
prove all-cause mortality. Further real-world studies are 
required to clarify its effectiveness, and to determine 
optimal settings and usage durations, especially during 
sleep, to maximize its benefits.

3. Bronchiectasis
Bronchiectasis is a chronic condition that is charac-
terized by persistent airway inflammation, leading to 
excessive production of purulent secretions and im-
paired secretion clearance due to reduced mucociliary 
function66. The accumulation of secretions can provide 
a nutrient-rich environment for bacterial overgrowth 
and obstruct the bronchial airways, which potentially 
results in respiratory failure67. HFNC delivers warm, 
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humidified gas that enhances mucociliary function 
and facilitates secretion clearance through sufficient 
liquefaction. This therapy improves gas exchange by 
reducing airway resistance, while also decreasing the 
risk of pneumonia68. Despite these potential benefits, 
research on the long-term use of HFNC in bronchiec-
tasis remains limited. A post hoc analysis of the study 
by Rea et al.10 and Good et al.28 followed patients with 
bronchiectasis over 12 months, comparing outcomes 
between those treated with HFNC (humidified air at 
37°C, 20−25 L/min for at least 2 hr/day), and those 
receiving usual care. Among 45 patients, the 26 who 
adhered to HFNC therapy experienced a significant 
reduction in acute exacerbation rates (2.39 exacerba-
tions/patient/year vs. 3.48 exacerbations/patient/year) 
in the usual care group, and demonstrated notable 
improvements in lung function and SGRQ scores at 12 
months28. Similarly, a retrospective case-control study 
involving 40 patients with bronchiectasis reported that 
when HFNC was used over a 12-month period for more 
than 6 hours daily, significant reductions in acute exac-
erbations and hospitalizations occurred, along with im-
proved lung function29. Given the physiological benefits 
of HFNC and the encouraging findings from small clin-
ical studies, long-term home HFNC therapy appears to 
offer promise for patients with bronchiectasis.

4. Interstitial lung diseases
In patients with interstitial lung disease (ILD), tidal vol-
ume decreases when increased lung elasticity cannot 
be adequately compensated by the strength of the 
respiratory muscles69. This reduction in tidal volume 
often results in progressive dyspnea, which worsens 
during exercise, and is frequently accompanied by 
hypoxemia and hypercapnia70. As a modality for respi-
ratory support, HFNC can alleviate dyspnea in patients 
with ILD by increasing airway pressure and reducing 
functional dead space, thereby decreasing the WOB52.

In a crossover retrospective study, 10 patients with 
ILD underwent alternating 6-week periods of home 
HFNC therapy (flow rate of 30 L/min, average usage 
of 6.5 hr/day) and standard oxygen therapy. While no 
significant improvements were observed in SGRQ 
scores or sleep quality, home HFNC therapy resulted 
in reduced dyspnea severity and improved exercise 
capacity30. Another recent study evaluated 25 patients 
with ILD using a 6 minutes walk test under three differ-
ent conditions in a crossover design: room air (flow 0 
L/min, FiO2 0.21), HFNC (flow 40 L/min, FiO2 0.21), and 
HFNC with oxygen supplementation (flow 40 L/min, 
FiO2 0.6). Compared to the other two modalities, HFNC 
therapy with oxygen supplementation significantly 

improved exercise duration and resting saturation of 
partial pressure oxygen (SpO2)31. Currently, data on the 
long-term use of home HFNC in ILD patients remains 
scarce. The benefits of HFNC in improving exercise ca-
pacity may depend on the severity of ILD. Future stud-
ies should investigate the potential role of home HFNC 
to enhance quality of life and prevent acute exacerba-
tions in this patient population.

Cost-Effectiveness of Home HFNC

Three clinical studies have assessed the cost-effec-
tiveness of long-term home HFNC therapy, particularly 
in patients with severe COPD. A New Zealand study 
demonstrated significant healthcare cost savings in 
patients receiving home HFNC, compared to those on 
LTOT alone32. Similarly, a Danish RCT found that add-
ing HFNC to usual care was highly cost-effective, with 
an incremental cost-effectiveness ratio of £3,605 per 
quality-adjusted life-year (QALY) gained11. An American 
study reported that incorporating HFNC into standard 
treatment for severe COPD patients on LTOT resulted 
in both health benefits (incremental QALYs of 0.058) 
and cost savings (incremental total costs of −$3,939). 
These cost savings were attributed to reductions in 
exacerbation rates, which more than offset the higher 
device costs33.

Safety Issues for Home HFNC

To date, RCTs have not identified significant safety 
concerns associated with the use of HFNC. Nagata et 
al.16 in 2018 found the most common HFNC-related ad-
verse event to be nighttime sweating, reported in six of 
32 patients in the HFNC group, and one patient in the 
LTOT group; this was classified as a mild adverse event, 
and no cases resulted in the discontinuation of HFNC 
therapy. Similarly, an RCT by Nagata et al.17 in 2022 
found no HFNC-related safety issues. Braunlich et al.23 
in 2019 compared HFNC with NIV, observing non-le-
thal serious adverse events to be more frequent in the 
NIV group. While panic attacks were more commonly 
associated with NIV, HFNC was linked to a higher inci-
dence of epistaxis, nasal dryness, and nasal irritation. 
Although rare, a case report described HFNC-induced 
tension pneumocephalus in a patient with head trau-
ma, highlighting the need for caution when applying 
HFNC to individuals with suspected skull base or para-
nasal sinus fractures, particularly at higher flow rates71.
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Discussion

Long-term HFNC therapy has been increasingly adopt-
ed recently as a home-based respiratory treatment for 
various chronic lung diseases. Compared to traditional 
home oxygen therapy, HFNC provides superior humid-
ification, which supports mucociliary clearance72,73, 
while offering physiological benefits41,74, with added 
convenience and minimal side effects12,75,76. While 
the clinical efficacy of HFNC in hospital settings is 
well-documented, research on its long-term use at 
home for patients with chronic lung diseases remains 
limited. Nevertheless, home HFNC therapy has attract-
ed growing attention from clinicians, with the publica-
tion of the first guidelines on long-term HFNC therapy 
by the Danish Respiratory Society77.

Most studies on home HFNC therapy have focused 
on patients with COPD, with limited research on other 
chronic lung diseases, such as bronchiectasis and ILD. 
Much of the evidence among COPD patients pertains 
to those with persistent hypoxemic failure, where when 
added to LTOT, home HFNC therapy has been associat-
ed with significant reductions in exacerbation and hos-
pitalization rates, as well as improvements in quality of 
life and exercise tolerance16,18,46,78,79. While data on sta-
ble hypercapnic COPD are more limited, home HFNC 
therapy has demonstrated benefits in these patients in 
reducing PaCO2 levels and exacerbation rates17,20,23,29,46. 
Recent meta-analysis also reported a reduction in ex-
acerbation rates and improved quality of life among 
COPD patients with chronic hypercapnia, compared to 
those who received COT15,48.

NIV is well-established in reducing PaCO2 levels in 
hypercapnic COPD patients, and is indicated for those 
with persistent hypercapnia following acute exacerba-
tion of COPD8, though discomfort and intolerance to 
NIV often hinder its long-term use at home. In contrast, 
HFNC is simpler, more comfortable, and hence a viable 
alternative for long-term therapy. Studies have shown 
no significant differences in reducing PaCO2 or hospi-
talization rates between home HFNC and NIV23-25. In 
cases where home NIV is not tolerated or indicated, 
home HFNC may thus serve as an alternative for COPD 
patients with mild to moderate hypercapnia. However, 
clinicians need to be aware that as flow rates increase, 
adherence to HFNC therapy may decline80, while in 
some patients with chronic hypercapnia, higher FiO2 
levels could exacerbate hypercapnia9,81.

In this review, we provide suggestions for the clinical 
use of home (long-term) HFNC (Table 3). While data 
remain insufficient, we believe offering preliminary 
guidance for healthcare providers is necessary. First, 

we outline potential indications for home HFNC based 
on previous study populations, including stable COPD 
with hypoxemic or hypercapnic respiratory failure, 
bronchiectasis with exacerbations in the previous year, 
and ILD with persistent hypoxemia. We further propose 
optimal HFNC settings derived primarily from expert 
opinions and manufacturers’ instructions, rather than 
clinical trials, in the hope that these suggestions will 
assist clinicians in prescribing home HFNC, and sup-
port medical staff in managing these patients.

However, this review has several limitations that 
need to be acknowledged. First, the referenced stud-
ies used diverse designs and HFNC settings, which 
might affect the generalizability of their findings; also, 
both trials and participants included were relatively 
small in number, with significant variability in follow-up 
durations across studies. Second, most studies fo-
cused on stable patients, leaving uncertainty about 
whether patients with more severe conditions would 
experience similar benefits. Third, this review does not 
comprehensively address the potential limitations of 
home HFNC. Notably, the cost of home HFNC devices 
and their operation is higher than that of LTOT; this 
may pose a barrier to widespread long-term use. Also, 
current HFNC systems are less portable than LTOT, 
potentially restricting patient mobility and affecting 
quality of life. Hence, given the limited evidence that is 
available, home HFNC should be considered only for 
selected patient populations. Finally, a significant gap 
in the literature exists regarding data from Korea, while 
the absence of insurance coverage for home HFNC 
poses a substantial barrier to its broader application. 
Addressing these challenges will require strategies 
such as the development of more cost-effective HFNC 
devices, the conducting of cost-effectiveness and long-
term effectiveness studies to inform policy decisions, 
and advocacy for insurance reimbursement policies.

In conclusion, the efficacy of home HFNC therapy 
has been demonstrated in managing chronic lung dis-
eases, such as COPD, ILD, and bronchiectasis, with the 
potential for broader clinical adoption. Further large-
scale studies are needed to identify target populations, 
refine application methods, and establish comprehen-
sive management strategies. In particular, comparative 
studies between home HFNC and COTs, as well as 
subgroup analyses for specific patient populations—
such as those with severe chronic respiratory failure—
are essential to better define its role in clinical practice. 
These efforts will provide the evidence required for the 
development of definitive practice guidelines and sup-
portive insurance policies.
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