
 

 

 University of Groningen

Clinical Evidence of Nasal High-Flow Therapy in Chronic Obstructive Pulmonary Disease
Patients
Elshof, Judith; Duiverman, Marieke L

Published in:
Respiration

DOI:
10.1159/000505583

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Elshof, J., & Duiverman, M. L. (2020). Clinical Evidence of Nasal High-Flow Therapy in Chronic Obstructive
Pulmonary Disease Patients. Respiration, 99(2), 140-153. https://doi.org/10.1159/000505583

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1159/000505583
https://research.rug.nl/en/publications/ca7a9d73-ff7b-4652-a7da-57458384c939
https://doi.org/10.1159/000505583


Clinical Investigations

Respiration 2020;99:140–153

Clinical Evidence of Nasal High-Flow  
Therapy in Chronic Obstructive 
Pulmonary Disease Patients

Judith Elshof 

a, b    Marieke L. Duiverman 

a, b    
a

 Department of Pulmonary Diseases/Home Mechanical Ventilation, University Medical Center Groningen, 
University of Groningen, Groningen, The Netherlands; b Groningen Research Institute for Asthma and COPD, 
University of Groningen, Groningen, The Netherlands

Received: December 17, 2019
Accepted after revision: December 18, 2019
Published online: January 28, 2020

Judith Elshof
Department of Pulmonary Diseases
University Medical Center Groningen
Hanzeplein 1, NL–9713 GZ Groningen (The Netherlands)
E-Mail j.elshof @ umcg.nl

© 2020 The Author(s)
Published by S. Karger AG, Basel

E-Mail karger@karger.com
www.karger.com/res

DOI: 10.1159/000505583

Keywords
Nasal high-flow therapy · Chronic obstructive pulmonary 
disease · Long-term treatment · Exacerbation · Exercise 
training

Abstract
Nasal high-flow therapy (NHFT) is an upcoming treatment 
for chronic obstructive pulmonary disease (COPD) patients. 
It supplies heated, humidified, and, desirably, oxygen-en-
riched air through a nasal cannula at flow rates up to 60 L/
min. Several studies examined the effect of NHFT in COPD 
patients, but a clear overview is lacking. The present review 
aimed to give an overview of the clinical evidence of NHFT 
in 3 aspects of COPD care: long-term use in stable COPD pa-
tients, use for treatment of COPD exacerbations, and use 
during exercise therapy in COPD. For each topic, a specific 
literature search was performed up to December 9, 2019. 
Studies show promising results, with most evidence for its 
long-term use in hypoxemic COPD patients that frequently 
exacerbate, and very limited evidence for its use during 
COPD exacerbations or as a worthwhile adjunct to exercise 
training. More evidence is therefore needed to know how to 
incorporate NHFT in standard clinical practice.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) is 
one of the leading causes of mortality worldwide [1, 2]. 
The disease is characterized by airflow limitation leading 
to dyspnea, cough, and sputum production. Patients with 
severe COPD may suffer from respiratory failure. At this 
stage, long-term oxygen therapy (LTOT) and/or nonin-
vasive ventilation (NIV) may offer respiratory support. 
However, both therapies are indicated in particular sub-
groups and side effects may hinder proper treatment and 
good patient compliance [3, 4].

Nasal high-flow therapy (NHFT) is an upcoming treat-
ment for COPD patients. It supplies heated, humidified, 
and, desirably, oxygen-enriched air through a nasal can-
nula at flow rates up to 60 L/min. Several studies examined 
the physiological effect of NHFT in stable COPD patients 
and showed that it leads to an improvement in gas ex-
change and a reduction in the work of breathing [5–7]. 
The physiological effects accountable for these benefits 
are hypothesized to be quite extensive and are reviewed in 
the paper by Pisani and Vega [8]. Shortly summarized, 
among others, important mechanisms described are the 
flow induced increase in airway pressure, washout of CO2, 
and increased mucociliary function due to humidification 
and heating of the inspired air. The increase in airway 

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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pressure may counteract the intrinsic positive end-expira-
tory pressure of COPD patients, thereby leading to a de-
crease in work of breathing [8]. Second, NHFT washes the 
upper (and lower) airways; that is, by the continuous high 
flow the exhaled air in the upper airways is replaced con-
tinuously by fresh air with low CO2 levels thereby leading 
to less CO2 rebreathing [5]. The physiological effects of 
NHFT, combined with its simplicity and comfortability, 
make NHFT not only an ideal candidate for long-term use 
but also for ventilatory assistance during acute exacerba-
tions of COPD (AECOPD) or exercise training during 
pulmonary rehabilitation.

The present review aims to give practical advice about 
the use of NHFT in COPD patients based on available 
clinical evidence. Three aspects of NHFT in COPD will 
be discussed: long-term domiciliary use of NHFT in in 
stable COPD patients, NHFT use for the treatment of 
COPD exacerbations, and NHFT during exercise in 
COPD patients. As it is a clinical review. We do not con-
sider the short-term physiological studies in detail but re-
fer to the dedicated literature [8, 9].

Methods

Search Strategy
Three separate literature searches were performed using the da-

tabases of PubMed and Embase. The following keywords were used 
in the search “long-term use of NHFT in stable COPD”: pulmonary 
disease, chronic obstructive, copd, chronic obstructing lung 
disease(s), COPD(s), high flow, optiflow, treatment outcome, long-

term care, long term, domiciliary, stable and outcome(s). The fol-
lowing keywords were used in the search strategy for “use of NHFT 
during AECOPD”: pulmonary disease, chronic obstructive, copd, 
chronic obstructing lung disease(s), COPD(s), high flow, optiflow, 
acute disease, acute, exacerbat(e/ion/ions). Keywords used for the 
search “NHFT use during exercise in COPD” were as follows: pul-
monary disease, chronic obstructive, copd, chronic obstructing 
lung disease(s), COPD(s), high flow, optiflow, exercise, exercise 
therapy and rehabilitation. The exact search strategies can be found 
in Appendix 1. Only papers written in English were selected. The 
last update of the search was performed on December 9, 2019.

Inclusion Criteria
A first selection was based on the title and abstract. The rele-

vance of the remaining articles was assessed by reading the full text 
versions. Case reports and abstracts were excluded. All articles had 
to meet one of the following criteria: (1) long-term use of NHFT 
in stable COPD patients, (2) NHFT use during an AECOPD or 
acute respiratory failure (ARF) in a cohort of solely COPD pa-
tients, or (3) NHFT use during exercise therapy in COPD patients. 
Studies regarding extubation or weaning were discarded. 

Results

Long-Term Use of NHFT in Stable COPD Patients
The searches in PubMed and Embase yielded, respec-

tively, 70 and 181 publications. After deleting duplicates, 
193 unique publications remained. Fourteen articles were 
considered relevant for full reading. Of these publications, 
9 publications were abstracts [10–18]. The remaining 5 
publications studied long-term NHFT use varying from 6 
weeks to 1 year and will be discussed separately (Fig. 1). 

– n = 179 not fulfilling criteria based on title
and abstract

Identified articles
PubMed search:
Embase search:

n = 70
n = 181

n = 74 short-term studies
n = 38 no COPD
n = 33 reviews/editorials
n = 29 not NHFT
n = 5 other reasons

After screening title and abstract
n = 14

Unique articles
(after deleting duplicates)

n = 193

– n = 9 only abstracts available [10–18]

Full text articles
n = 5

Relevant articles
n = 5

Fig. 1. Study selection procedure for long-
term studies. COPD, chronic obstructive 
pulmonary disease; NHFT, nasal high-flow 
therapy.
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Of these 5 studies, 1 was performed in COPD or bronchi-
ectasis patients, 1 was performed in chronic hypoxemic 
COPD patients, and 3 were performed in chronic hyper-
capnic COPD patients.

COPD or Bronchiectasis
Rea et al. [19] performed a randomized controlled tri-

al (RCT) in 108 patients with COPD or bronchiectasis 
(mean FEV1 45% of pred.; mean FEV1/FVC 61.3 [18.8]%). 
NHFT with a temperature of 37  ° C and a flow of 20–25 L/
min was compared to standard care for the duration of 1 
year. Although no difference in exacerbation frequency 
and hospital admissions was observed between both 
groups, the number of exacerbation days was significant-
ly lower (18.2 vs. 33.5/patient, p = 0.045). and the median 
time to first exacerbation (52 vs. 27 days, p = 0.0495) was 
significantly higher in the NHFT group compared to the 
control group. Furthermore, differences were observed in 
the lung function and in quality of life (QoL), all in favor 
to the NHFT group. However, daily use of NHFT was 
very limited with a mean use of only 1.6 h per day. Long-
term use of NHFT was well tolerated, which is confirmed 
by the fact that 77% of the remaining patients wished to 
continue NHFT at study completion. Because the study 
included a mixed patient group consisting of both COPD 
and bronchiectasis patients without COPD, the study 
does not provide suitable data to draw conclusions about 
the usefulness of NHFT in pure COPD. 

Chronic Hypoxemic Failure
A RCT in COPD patients with chronic hypoxemic re-

spiratory failure was performed by Storgaard et al. [20]. 
Two hundred moderately severe COPD patients (FEV1 ± 
31% of pred.) already on LTOT (PaO2 9.9 kPa while sup-
plemented with oxygen at a mean flow rate of 1.6 L/min) 
were equally randomized between NHFT in addition to 
LTOT or LTOT alone. Mean adherence to NHFT was 6 h 
per day with a recommended flow setting of 20 L/min. 
Compared to the previous year, patient-reported exacer-
bations increased from 2.90 to 4.95/patient/year in the 
control group, while in the HFNC group, exacerbation 
rate slightly decreased from 3.23 to 3.12/patient/year. 
Therefore, lower rates of patient-reported acute COPD 
exacerbation were found in the NHFT group during the 
study period (p < 0.001). No differences in hospital ad-
missions and all-cause mortality were observed between 
the groups after 1 year. However, it seemed that patients 
that used the NHFT more hours per day had a reduction 
in hospital admissions, although these benefits were 
shown by modeling of the results and do not represent the 

intention to treat principle. Furthermore, dyspnea symp-
toms, health-related QoL (HRQoL), PaCO2, and exercise 
capacity improved in the NHFT group compared to the 
LTOT group (p < 0.001). This study shows that domicili-
ary use of NHFT may be a beneficial add-on to LTOT in 
COPD patients with chronic hypoxemic respiratory fail-
ure in terms of improvement in QoL, symptoms, number 
of exacerbations, and exercise capacity.

Chronic Hypercapnic Failure
Nagata et al. [21] performed a multicenter cross-over 

study in which 30 COPD patients with stable hypercapnia 
(mean PaCO2 52 mm Hg [6.9 kPa] and mean FEV1 29% 
of pred.) already on LTOT were randomized between 2 
groups: (A) 6 weeks of NHFT/LTOT followed by 6 weeks 
of LTOT alone or (B) 6 weeks of LTOT followed by 6 
weeks of NHFT/LTOT. The mean use of NHFT per night 
was, respectively, 7.1 and 8.6 h in groups A and B, with a 
mean flow rate of approximately 30 L/min in both groups. 
The Saint George Respiratory Questionnaire, a measure 
of HRQoL, improved above the minimum clinically im-
portant difference (MCID = 4 Saint George Respiratory 
Questionnaire points) in the NHFT/LTOT groups com-
pared to LTOT alone with a treatment effect of 7.8 points. 
Additionally, significant improvements were seen in the 
NHFT/LTOT group in the PaCO2 (reduction of 4.1 mm 
Hg [0.5 kPa], p < 0.01), pH (increase of 0.02, p = 0.01), 
and nocturnal transcutaneous CO2 levels (reduction of 
4.8 mm Hg [0.6 kPa], p < 0.01) in comparison to the 
LTOT group. No differences were seen in PaO2, lung 
function, exercise capacity, and physical activity. NHFT 
was well tolerated, despite some mild adverse events like 
night sweating, and no patient discontinued the treat-
ment during the study period. This may indicate that 
NHFT may be a potential therapy in hypercapnic COPD 
patients on LTOT. However, only a small number of 
mildly hypercapnic COPD patients were included. Fur-
thermore, hypercapnia persisted after treatment with 
NHFT which arises the question whether LTOT and/or 
NHFT is the appropriate therapy for these patients, since 
the gold standard for chronic hypercapnic patients is 
nowadays chronic nocturnal NIV [22, 23].

To investigate whether NHFT could be an alternative 
treatment to NIV in COPD patients with chronic hyper-
capnic respiratory failure, Bräunlich et al. [24] performed 
a study in 11 hypercapnic COPD patients (mean PaCO2 
of 53.7 mm Hg [7.2 kPa] and mean FEV1 30% of pred.). 
The patients were first treated with NHFT for 6 weeks us-
ing a flow of 20 L/min after which they switched to NIV 
for 6 weeks. Patients were instructed to use the device for 
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> 5 h daily, but the exact adherence data are unknown. A 
reduction in capillary pCO2 was observed after 6 weeks of 
NHFT (reduction of 8.2 mm Hg [1.1 kPa], p < 0.05). This 
pCO2 level was preserved after switching to NIV with no 
difference between the pCO2 levels after NHFT and NIV 
(45.5 vs. 46.4 mm Hg [6.1 vs. 6.2 kPa], p > 0.05). This in-
dicates that NHFT may be an alternative therapy in hy-
percapnic COPD patients. However, this is a small, non-
randomized and monocenter study in which moderate 
hypercapnic COPD patients were included. Furthermore, 
all participants started with NHFT. More recently, the re-
sults of a larger multicenter RCT performed by Bräunlich 
et al. [25] were presented comparing NHFT to NIV in 
chronic hypercapnic COPD patients (mean pCO2 of 56.5 
mm Hg [7.5 kPa] and mean FEV1 29% of pred.). In this 
cross-over study, 6 weeks of NHFT were followed by 6 
weeks of NIV or vice-versa for the advised duration of  
6 h per day. A total of 102 patients were randomized of 
which 67 patients completed the entire protocol. NHFT 
and NIV led to a pCO2 reduction of, respectively, 2.8 [0.4 
kPa] and 4.2 mm Hg [0.6 kPa] from baseline. The differ-

ence in pCO2 change between both devices was –1.4 mm 
Hg [0.2 kPa, 95% CI –3.1 to –0.4 mm Hg]. A noninferior-
ity analysis was performed with a rather large margin of 
5 mm Hg [0.7 kPa], and NHFT was found to be noninfe-
rior to NIV with respect to pCO2 decrease. The authors 
state that NHFT can therefore be used as an alternative to 
NIV, especially because it is generally assumed that NHFT 
is more easy to use. However, the amount of drop-outs 
was comparable between groups, just like the assessment 
of the devices and QoL scores, indicating no increase in 
comfort using NHFT. An important remark is that the 
application of both treatments was probably not optimal. 
The authors state that NIV pressure settings were adjust-
ed to optimal tolerability and pCO2 reduction. However, 
compliance during NIV was very limited with an average 
of 3.9 ± 2.5 h/day and the effect in pCO2 reduction was 
moderate. Also the administration of NHFT was not op-
timal [26] since the flow rate of NHFT was limited to 20 
L/min due to technical aspects, but CO2 washout is flow 
dependent and higher flows could thus lead to more CO2 
washout. 

Table 1. Overview of long-term studies with nasal high-flow therapy in COPD patients

Ref. Study design NHFT settings Mean daily 
NHFT use, h

Population Patients,  
n

Main results

COPD or bronchiectasis
[19] RCT: NHFT vs. 

standard care  
(ambient air or  
LTOT) for 1 year

Flow 20–25 L/min,  
temp 37° C, FiO2 based  
on SaO2

1.6±0.67 COPD or bronchiectasis 
(mean FEV1 45% pred.)

108 No difference in exacerbation frequency 
and hospital admission. Reduced number 
of exacerbation days and increased time 
to first exacerbation. Improved lung 
function and quality of life

Hypoxemic failure
[20] RCT: NHFT/LTOT  

vs. LTOT for 1 year
Flow 20 L/min, oxygen 
supply 1.75±0.8 L/min

6 Hypoxemic COPD  
(PaO2 9.9 kPa during  
1.6 L/min O2 and FEV1 
31% pred.)

200 No difference in mortality or hospital 
admission. Reduced exacerbation rate 
and improvement in dyspnea symptoms, 
quality of life, PaCO2, and exercise 
capacity

Hypercapnic failure
[21] Cross-over RCT:  

6 weeks LTOT/NHFT  
vs. 6 weeks LTOT

Flow 29.2±1.9 L/min  
and 30.3±4.6 L/min

7.1±1.5 and 
8.6±2.9

Stable hypercapnic  
COPD on LTOT  
(PaCO2 6.9 kPa, FEV1 
29% pred.)

30 Improved quality of life, PaCO2, pH and 
nocturnal PtCO2. No differences in PaO2, 
lung function, exercise capacity, and 
physical activity

[24] Cross-over: 6 weeks 
NHFT, thereafter  
6 weeks NIV

Flow 20 L/min Unknown 
(advice of 5 h)

Stable hypercapnic  
COPD (PaCO2 7.2 kPa, 
FEV1 30% pred.)

11 Reduction of capillary pCO2 compared to 
baseline, no difference in capillary pCO2 
reduction between NHFT and NIV

[25] Cross-over RCT:  
6 weeks NHFT vs.  
6 weeks NIV

Flow 19.8±0.6 L/min,  
O2 supply 2.2±0.9 L/min

5.2±3.3 Stable hypercapnic  
COPD (PaCO2 7.5 kPa, 
FEV1 29% pred.)

102 Reduction of pCO2 compared to baseline, 
no difference in pCO2 reduction and 
quality of life between NHFT and NIV

COPD, chronic obstructive pulmonary disease; RCT, randomized controlled trial; NHFT, nasal high-flow therapy; LTOT, long-term oxygen therapy; 
FiO2, fraction of inspired oxygen; SaO2, oxygen saturation; FEV1, forced expiratory volume in 1 second; PaO2, partial arterial oxygen pressure; PaCO2, par-
tial arterial carbon dioxide pressure; PtCO2, transcutaneous carbon dioxide pressure; NIV, noninvasive ventilation; pCO2, partial carbon dioxide pressure.
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To conclude, for long-term use, most evidence exists 
with regard to hypoxemic COPD patients as an adjunct 
to LTOT. In this group, NHFT may reduce COPD exac-
erbation frequency, especially in patients with frequent 
prior exacerbations. In hypercapnic COPD patients, 
NHFT may increase HRQoL and reduce PaCO2, although 
it is not clear how the effects compare to effects of optimal 
high-intensity NIV. An overview of all discussed studies 
regarding the long-term use of NHFT in COPD patients 
can be found in Table 1. 

Use of NHFT during COPD Exacerbations
The searches in PubMed and Embase yielded 81 and 

179 publications, respectively. After deleting duplicates, 
190 unique publications remained. Eighteen articles were 
considered relevant for full reading. Of these publica-
tions, 9 were abstracts, 1 was a study protocol description, 
and 1 publication was only available in Chinese [27–37]. 
The remaining 7 publications will be discussed separately 
(Fig. 2). Of these studies, 2 studies compared NHFT with 
oxygen therapy, 3 studies compared NHFT with NIV, 1 
study compared NHFT with NIV in patients already on 
NIV, and 1 study performed NHFT in patients who did 
not tolerate NIV. 

NHFT Compared to Oxygen Therapy
Pilcher et al. [38] performed a short randomized con-

trolled cross-over physiological trial to investigate wheth-
er giving oxygen using NHFT would facilitate CO2 re-
moval compared to supplementing oxygen with standard 

nasal prongs (SNP) for AECOPD. Twenty-four patients 
(mean FEV1 27% of pred.) admitted in hospital due to 
AECOPD and on oxygen therapy were randomized to 30 
min of NHFT at 35 L/min at 37  ° C followed by 30 min of 
SNP or vice versa at a median of 1 day after admission, 
with oxygen flow rates/fraction of inspired oxygen (FiO2) 
titrated to maintain a stable oxygen saturation (SpO2). A 
washout period of at least 15 min was performed between 
interventions during which SNP at baseline flow rate 
(mean flow of 1.6 L/min) was provided. Fourteen of the 
24 patients were hypercapnic, and the mean baseline 
transcutaneous carbon dioxide tension (PtCO2) was 49 ± 
10 mm Hg [6.5 ± 1.3 kPa]. Mean FiO2 during NHFT was 
27 ± 4%, while flow rate with SNP was 1.5 ± 0.7 L/min. 
PtCO2, adjusted for baseline PtCO2, decreased signifi-
cantly more with NHFT compared to SNP (–1.4 mm Hg 
[0.2 kPa], p = 0.001), but this difference is unlikely to be 
clinically significant. Respiratory rate, recorded manually 
by the investigator, was significantly lower during NHFT 
compared to SNP at 10, 20, and 25 min, but not 30 min 
after the start of the therapy. NHFT was well tolerated, 
but participants found it noisier than SNP. Due to the 
short administration time of NHFT, this study does not 
answer the question whether NHFT could be used as a 
therapy for AECOPD. This study indicates that deliver-
ing oxygen via NHFT may reduce PtCO2 levels in com-
parison with SNP, but a larger trial with longer adminis-
tration periods is needed to prove clinical significance.

Longhini et al. [39] compared the short-term effect of 
NHFT with standard oxygen supplementation during 

– n = 172 not fulfilling criteria based on title
and abstract

Identified articles
PubMed search:
Embase search:

n = 81
n = 179

n = 44 reviews/editorials
n = 41 not NHFT
n = 35 not solely COPD
n = 26 stable COPD
n = 8 weaning studies
n = 5 case reports
n = 3 other reasons

After screening title and abstract
n = 19

Unique articles
(after deleting duplicates)

n = 191

– n = 10 only abstracts available [27–36]

Full text articles
n = 9

Relevant articles
n = 7

– n = 1 study protocol [37]
– n = 1 not available in English [38]

Fig. 2. Study selection procedure for exac-
erbation studies. COPD, chronic obstruc-
tive pulmonary disease; NHFT, nasal high-
flow therapy.
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NIV interruption periods in patients recovering from 
AECOPD. Thirty nonacidotic patients who were on NIV 
for a minimum of 24 h with an improvement of their con-
dition (i.e., no dyspnea symptoms) with a mean PaCO2 of 
54.1 mm Hg [7.2 kPa] and a mean pH of 7.39 during NIV 
participated in the study. Five 30-min trials were per-
formed; the first, third, and fifth trial were on NIV, while 
randomization determined the order of the second and 
fourth trial: spontaneous breathing with standard oxygen 
or NHFT at a flow rate of 50 L/min and a temperature of 
37   ° C. FiO2 was constant during all trials. Eventually, 
PaCO2 and pH were not different among trials, while 
PaO2 was significantly higher during the NIV trials com-

pared to the NHFT (p ≤ 0.05) and standard oxygen trials 
(p ≤ 0.001). Diaphragm thickening, as measured by sono-
graphic evaluation of the right hemidiaphragm, and con-
sidered to be an indirect measure of inspiratory effort, 
was significantly higher in the standard oxygen trial, 
compared to both NIV and NHFT trials (p < 0.001). This 
was confirmed by a higher respiratory rate during the ox-
ygen trial. NHFT was considered to be the most comfort-
able therapy. This study suggests that NHFT is preferred 
over standard oxygen during intervals of NIV interrup-
tion in patients recovering from AECOPD, since inspira-
tory effort was reduced and comfort was improved in 
comparison with oxygen therapy. 

Table 2. Overview of all studies regarding nasal high-flow therapy in AECOPD patients

Ref. Study design NHFT settings NHFT use Population Patients, 
n

Main results

NHFT compared to oxygen therapy
[38] Cross-over RCT:  

NHFT vs. SNP
Flow 35 L/min,  
temp 37° C, O2 titrated  
on baseline SpO2 at study 
entry (mean FiO2 27±4%)

30 min Partly-hypercapnic AECOPD 
on oxygen suppletion (PtCO2 
6.5 kPa, FEV1 27% of pred.)

24 Decrease of PtCO2

[39] Cross-over RCT:  
NHFT vs. SNP in 
between NIV periods

Flow 50 L/min,  
temp 37° C, FiO2 titrated 
on 90–94% SpO2 (mean 
FiO2 30%)

30 min Non-acidotic AECOPD on  
NIV for >24 h (PaCO2 7.2 kPa 
and pH 7.39 during NIV)

30 No difference in PaCO2 and pH 
between NHFT and SNP. Lower 
inspiratory effort and increased 
comfort in NHFT group

NHFT compared to NIV
[40] Retrospective 

observational cohort 
study: NHFT or NIV

Flow 50 (40–50) L/min, 
FiO2 30%

≥4 h in  
the first  
24 h after 
admission

Hypercapnic, acidotic 
AECOPD (FEV1 47% of pred., 
PaCO2 7.7 kPa, mean pH 7.31)

82 No difference in treatment failure 
or 28-day mortality. Less airway 
care interventions, better tolerance, 
and less nasal facial skin breakdown

[42] Prospective 
observational cohort 
study: NHFT vs. NIV

Flow 35 L/min (up to  
45–60 if tolerable), FiO2 
titrated on >92% SpO2

7.0 (5–10) 
days

Hypercapnic, acidotic 
AECOPD (FEV1 51% of pred., 
pH 7.32, PaCO2 7.3 kPa)

88 No difference in intubation rate and 
mortality after 30 days, and no 
difference in arterial blood gas 
levels after 24 h

[43] RCT: NHFT vs. NIV Flow 30–35 L/min,  
temp 37° C, FiO2  
titrated on SpO2

10±5 days AECOPD (PaO2 7.1 kPa, 
PaCO2 9.7 kPa, pH 7.26, FEV1 
69% of pred.)

168 No difference between NIV and 
NHFT in blood gas analysis. Fewer 
complications and higher comfort 
and satisfaction scores

NHFT in patients already on NIV
[44] Prospective 

physiological study: 
NHFT (different flow 
rates) vs. NIV

Flow 10–50 L/min,  
temp 34–37° C, FiO2 
titrated on >92% SpO2 
(mean FiO2 35%)

15 min Hypercapnic AECOPD 
stabilised with NIV (PaCO2  
6.8 kPa, PaO2 18.5 kPa,  
pH 7.36 during NIV, FEV1  
of 34% pred.)

12 No difference in inspiratory effort, 
respiratory rate and PtCO2 between 
NIV and NHFT. Improved 
oxygenation at NHFT with flow 
rate 50 L/min compared to NIV

NHFT if NIV was not tolerated
[45] Retrospective 

observational  
cohort study

Flow 25.8±8.2 L/min,  
O2 titrated on baseline 
SpO2 at study entry

252±251  
min

Hypercapnic, partly acidotic 
AECOPD with NIV failure 
(pCO2 9.0 kPa, pH 7.34)

38 Increase in pH, decrease in PaCO2

AECOPD, acute exacerbation of chronic obstructive pulmonary disease; RCT, randomized controlled trial; NHFT, nasal high-flow therapy; SNP, stan-
dard nasal prongs; SpO2 oxygen saturation; FiO2, fraction of inspired oxygen; PtCO2, transcutaneous carbon dioxide pressure; FEV1, forced expiratory vol-
ume in 1 s; NIV, noninvasive ventilation; PaCO2, partial arterial carbon dioxide pressure.
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NHFT Compared to NIV
Sun et al. [40] performed an retrospective observation-

al cohort study comparing the effectiveness of NHFT and 
NIV in COPD patients treated on the ICU for AECOPD. 
They included patients with moderate hypercapnia 
(PaCO2 ≥50 mm Hg [6.7 kPa]), severe hypoxemia (PaO2 
≤45 mm Hg [6.0 kPa] at room air), and a pH range from 
7.25 to 7.35. Patients that needed intubation had contra-
indications for NIV and had a poor short-term prognosis 
that were not included for analysis. Thirty-nine patients 
who received NHFT and 43 patients who received NIV, 
both at least 4 h within the 24 h after admission, were 
compared. There were no statistical differences in base-
line parameters (mean FEV1 47% of pred., mean PaCO2 
58 mm Hg [7.7 kPa], mean pH 7.31). No significant dif-
ference was observed in the amount of treatment failures, 
defined as invasive ventilation or switch to other study 
treatment (28.2% in NHFT vs. 39.5% in NIV group, p = 
0.268) or 28-day mortality (15.4% in NHFT vs. 14% in 
NIV group, p = 0.824). However, NHFT was associated 
with less airway care interventions, better tolerance, and 
less nasal facial skin breakdown than NIV. The authors 
conclude that NHFT is a new potential respiratory sup-
port therapy in COPD patients with moderate hypercap-
nic ARF due to its improved tolerance and comfort in 
comparison with NIV. However, only a part of these pa-
tients were primarily diagnosed with AECOPD (49 of 82 
patients), and the patients suffered from severe hypox-
emia, which is usually not that severe in sole COPD exac-
erbations. The additional value of NHFT in hypoxemic 
patients with ARF is already proven, which is not the case 
for NIV [41]. Moreover, due to the retrospective nonran-
domized design, selection bias was almost surely present. 

In the study of Lee et al. [42], the effect of NHFT was 
prospectively compared to NIV in hospitalized severe AE-
COPD patients. The included 88 AECOPD patients (mean 
FEV1 51% of pred.) with moderate hypercapnic ARF 
(PaCO2 > 45 mm Hg [6.0 kPa], 7.25≤ pH < 7.35 and PaO2/
FiO2 < 200 mm Hg [26.7 kPa]) were equally assigned to 
NHFT and NIV, while the exact grounds and manner of 
assignment remain unclear. Nevertheless, there were no 
significant differences in patient characteristics (mean pH 
7.32, PaCO2 54.5 mm Hg [7.3 kPa], PaO2/FiO2 134.6 mm 
Hg [18.0 kPa]) between the groups. Both primary out-
comes, namely, intubation rate at day 30 (HFNC 25.0% vs. 
NIV 27.3%, p = 0.857) and 30-day mortality (HFNC 15.9% 
vs. NIV 18.2%, p = 0.845) showed no significant differ-
ences between groups. Arterial blood gas analysis also 
showed no significant differences between groups after 6 
and 24 h of therapy. Furthermore, underlying etiologies 

for the AECOPD were very diverse and again hypoxemia 
was severe. Finally, no data on average therapy settings 
were provided, making it hard to draw final conclusion 
about the efficacy of both therapies in this patient group.

Cong et al. [43] performed an RCT to compare the ef-
fectiveness of NHFT and NIV in hospitalized AECOPD 
patients. In total, 168 patients (mean PaO2 of 53.6 mm Hg 
[7.1 kPa], PaCO2 of 72.5 mm Hg [9.7 kPa], serum pH 7.26 
± 0.09, and FEV1 69% of pred.) were equally randomized 
to receive either NIV or NHFT. Important exclusion cri-
teria were pneumonia, acute heart failure, and, remark-
ably, acute respiratory acidosis needing NIV. After treat-
ment with NIV or NHFT, arterial blood gases improved 
without differences between both treatments. The NHFT 
group had fewer complications and higher comfort and 
satisfaction scores than the NIV group. This study impli-
cates that NHFT is as efficient as NIV in improving blood 
gas parameters in a mixed population of acidotic and 
nonacidotic AECOPD patients. However, the study 
lacked clear inclusion criteria regarding blood gas param-
eters, COPD severity, and the degree of respiratory acido-
sis, so that is difficult to judge on the population that was 
included. Furthermore, criteria for termination of the 
therapy were unclear. 

NHFT in Patients Already on NIV
Rittayamai et al. [44] performed a short physiologi-

cal study to investigate the effects of NHFT at different 
flow rates in comparison with NIV. Twelve hypercap-
nic AECOPD patients who were ventilated with NIV 
for a median of 17 h were included (mean PaCO2 51 
mm Hg [6.8 kPa], PaO2 139 mm Hg [18.5 kPa], pH 7.36, 
and FEV1 of 34% pred.). For the study protocol, the sub-
jects were first ventilated with NIV using their clinical 
settings for 15 min, after which, NHFT was started at a 
flow rate of 10 L/min and was subsequently increased 
to 20, 30, 40, and 50 L/min for 15 min each. The FiO2 
during NHFT was titrated to achieve a SpO2 of at least 
92% and was kept constant during the entire protocol. 
The simplified esophageal pressure-time product, mea-
sured to quantify inspiratory effort, per minute and re-
spiratory rate were maximally reduced with a NHFT 
flow rate of 30 L/min; and was, at this flow rate, compa-
rable with NIV. Oxygenation was optimal with very 
high flow rates of 50 L/min; however, direct compari-
son with NIV is difficult since the FiO2 was not mea-
sured during NIV. No difference in PtCO2 was found 
during the study protocol. In summary, this short phys-
iological study showed that NHFT with a flow of 30 L/
min led to a reduction in inspiratory effort in compari-
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son with lower flow rates, but compared to NIV, NHFT 
only led to an increase in oxygenation. Limitations of 
the study included the small physiological and nonran-
domized set-up of the study.

NHFT in Patients Who Did Not Tolerate NIV
Bräunlich and Wirtz [45] investigated the effect of 

NHFT in 38 solely hypercapnic AECOPD patients (mean 
pCO2 67.6 ± 12.9 mm Hg [9.0 ± 1.7 kPa], pH 7.34 ± 0.04). 
All included patients did not tolerate NIV and did not 
fulfil criteria for intubation. Patients were initiated on 
NHFT with a mean flow rate of approximately 25 L/min. 
The therapy was terminated when the pH increased to  
> 7.38, the patient did not tolerate the device anymore or 
had lesser symptoms. The mean treatment time was 195 
± 231 min. With NHFT, pH increased (mean change of 
0.052, p = 0.000) and PaCO2 decreased (mean change of 
–9.1 mm Hg [1.2 kPa], p = 0.001). Analysis in the subset 
of patients with a baseline pH < 7.35 (n = 17) showed an 
even greater effect in both pH (mean change of 0.082, p = 
0.000) and PaCO2 (mean change of –14.2 mm Hg [1.9 
kPa], p = 0.002) compared to the patient being more 
moderately acidotic, which may be explained by the fact 
that there is more room for improvement in this group. 
The study shows that NHFT may be an alternative thera-
py in hypercapnic and moderate-to-nonacidotic AECO-
PD patients who do not tolerate NIV. However, a major 
limitation of this study is its retrospective analysis and 
lack of a control group. Furthermore, it is unusable and 
probably unnecessary to indicate acute NIV in the non-
acidotic AECOPD patients (n = 21), and so comparing 

NIV with NHFT in this setting is probably not the correct 
comparison. 

In summary, in AECOPD, in comparison to standard 
oxygen therapy, short-term physiological data suggest 
that NHFT might be of value as it has an beneficial effect 
on CO2 removal and might be a better alternative during 
NIV interruption periods in patients who for example 
want to eat while still on continuous acute NIV. In pa-
tients with acute acidotic hypercapnic respiratory failure 
who have an indication for acute NIV, there are weak in-
dications that NHFT might be as good to improve gas ex-
change, prevent intubation and mortality, however, stud-
ies have major drawbacks. Table 2 shows an overview of 
the studies that investigated NHFT in AECOPD patients.

Use of NHFT during Exercise Therapy
The searches in PubMed and Embase yielded 14 and 

28 publications, respectively. After deleting duplicates, 31 
unique publications remained. Ten articles were consid-
ered relevant for full reading. Of these publications, 5 
publications were abstracts and 2 were protocol descrip-
tions. One additional full text article was found after eval-
uating the abstracts [46–53]. In total, 4 full text articles 
were relevant and will be discussed separately (Fig.  3). 
One study compared NHFT to oxygen therapy, 1 study 
compared NHFT to standard care (ambient air or oxygen 
therapy), and the remaining 2 studies compared NHFT 
to Venturi masks (VM). In all studies, NHFT was per-
formed during exercise training; no studies were found in 
which NHFT was performed during a pulmonary reha-
bilitation trajectory.

– n = 21 not fulfilling criteria based on title
and abstract

Identified articles
PubMed search:
Embase search:

n = 14
n = 28

n = 10 reviews
n = 4 not NHFT
n = 4 no COPD
n = 3 not during exercise

After screening title and abstract
n = 10

Unique articles
(after deleting duplicates)

n = 31

– n = 5 only abstracts available [47–51]
+ n = 1 full text article after abstract search [52]Full text articles

n = 6

Relevant articles
n = 4

– n = 2 study protocol [53, 54]
Fig. 3. Study selection procedure for exer-
cise therapy studies. COPD, chronic ob-
structive pulmonary disease; NHFT, nasal 
high-flow therapy.
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NHFT Compared to Oxygen Therapy during a Single 
Constant Work Rate Test
Chatila et al. [54] studied exercise endurance with 

HFT compared to conventional low-flow oxygen (LFO) 
delivery in patients with severe COPD (mean FEV1 23 ± 
6% of pred., mean LTOT use of 2.2 ± 1.6 L/min). Patients 
first performed an unloaded constant work rate test 
(CWRT) with LFO using a nasal cannula with a mean 
flow of 3.9 ± 1.8 L/min for a maximum of 12 min, fol-
lowed by a resting period of 30 min and the same exercise 
test, only now with HFT at 20 L/min, using a mouthpiece 
instead of a nasal cannula. Additional oxygen was titrated 
to deliver an FiO2 that matches the starting FiO2 during 
LFO, although it remains unclear how this was warrant-
ed. Exercise duration increased with the HFT compared 
to LFO (10.0 ± 2.4 vs. 8.2 ± 4.3 min, p < 0.05), while pa-
tients were less dyspneic (p = 0.03) and oxygenation 
seemed to be better (although measured only in 3 pa-
tients). Compared to LFO, respiratory rate, rapid shallow 
breathing index, and inspiratory time fraction were lower 
in the high-flow group, while no differences in other re-
spiratory parameters were observed. 

NHFT Compared to Standard Care during a Single 
High-Intensity CWRT
In a recent study, Prieur et al. [55] investigated exercise 

endurance during a high-intensity (80% of maximal esti-
mated power) CWRT in 19 patients (FEV1 28.7 ± 10.8% 
of pred., PaO2 69 ± 21 mm Hg [9.2 ± 2.8 kPa], PaO2 44 ± 
6 mm Hg [5.9 ± 0.8 kPa]) who were recently discharged 
(≤7 days) from the hospital after being treated for AE-
COPD. In a randomized cross-over design, the partici-
pants performed 2 high-intensity CWRTs during 2 con-
secutive days: one with and one without NHFT. Partici-
pants on oxygen therapy (n = 9) performed both exercise 
tests on the same oxygen flow rate, which was titrated 
based on SpO2 during an exercise test without NHFT per-
formed as a baseline assessment before the other 2 exer-
cise tests. Eventually, no significant difference in endur-
ance time was found (NHF 418.5 s vs. control 485 s, p = 
0.119), but heart rate, transcutaneous CO2 pressure, and 
tissue saturation of the vastus lateralis muscle were all sig-
nificantly lower at the end of the NHFT exercise test. The 
authors conclude that NHFT does not improve exercise 
tolerance in patients recovering from an AECOPD. How-
ever, NHFT was perceived as uncomfortable in many pa-
tients which may be explained by the fact that the settings 
were set at the maximal flow rate of 60 L/min with a low 
temperature and only a 10 min period of familiarization 
with NHFT was performed. Furthermore, oxygen flow 

during NHFT in the subgroup of patients on oxygen ther-
apy was the same as during the test without NHFT which 
may have led to lower FiO2 values during the NHFT test 
and subsequently a decrease in SpO2, thereby possibly af-
fecting endurance time.

NHFT Compared to Oxygen via VMs during a Single 
CWRT
Cirio et al. [56] performed a randomized cross-over 

study to investigate whether NHFT could increase exer-
cise endurance in stable severe COPD patients (FEV1 35 
± 12% of pred., PaO2 73 ± 13 mm Hg [9.7 ± 1.7 kPa], 
PaCO2 42 ± 5 mm Hg [5.6 ± 0.7 kPa]). Patients per-
formed, in a random order and on 2 separate days, 2 
CWRTs at 75% of maximum workload: one with HFNC 
(HFNC-test) and one with a VM (Control-test). In pa-
tients who needed additional oxygen (n = 8), FiO2 was 
kept constant during both tests (mean FiO2 0.44 ± 0.11). 
FiO2 values were titrated on maintaining a mean oxygen 
saturation higher than 88% during an incremental test 
that was performed 1 day before the 2 constant-load ex-
ercise tests. Mean flow during the HFNC test was 58.7 L/
min (range 55–60 L/min). It was shown that endurance 
time was significantly higher during the HFNC-test 
compared to the Control-test (mean difference of 109 ± 
104 s, p < 0.015). Furthermore, at isotime, dyspnea, and 
leg fatigue scores were significantly reduced during the 
HFNC-test, while the mean SpO2 significantly increased 
(p < 0.005), both in the group of patients who used ad-
ditional oxygen and in the group who did not. This pilot 
study showed that HFNC can improve exercise endur-
ance in severe COPD patients with exercise limitation, by 
hypothetically leading to a slower increase in minute 
ventilation during effort, and thus delayed achievements 
of the patient’s ventilatory reserve capacity. However, 
minute ventilation was not measured during the study. 
Furthermore, FiO2 was the same during the start of both 
tests, but contrary to HFNC during which constant FiO2 
values can be delivered, FiO2 during the Control-test 
with a VM might have led to an unknown drop in FiO2 
due to an increase in inspiratory flow above the maxi-
mum flow through the VM. This may (partially) explain 
the difference in oxygenation and dyspnea scores be-
tween both tests. 

NHFT Compared to Oxygen via VMs during Both an 
Incremental Test and CWRT
Dell’Era et al. [51] performed a randomized cross-

over trial to evaluate the use of NHFT during both an 
incremental exercise test (IET) and a CWRT. Twenty-
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eight COPD patients (FEV1 44 ± 19% of pred.) with an 
indication for oxygen during exercise performed 2 IETs 
and 2 CWRTs, one with NHFT and one with a VM, with 
recovery times ranging from 48 to 72 h. NHFT was set 
to a flow of 50 L/min and both the NHFT and the VM 
were set to an FiO2 of 40%. Both the maximum speed 
reached on the IET and the endurance time reached 
with the CWRT was significantly higher using NHFT 
than VM (5.9 vs. 5.7 km/h, p = 0.002 and 450 vs. 315 s, 
p = 0.004 respectively). At isoworkload and isotime 
during IET and CWRT, respectively, NHFT was associ-
ated with less dyspnea and better oxygen saturation. 
The results of the CWRT are comparable to the study 
of Cirio et al. [56], but the same limitation also holds: 
FiO2 values during the tests with a VM could have de-
creased due to the inspiratory flow of the patient ex-
ceeding the flow of the VM.

To summarize, compared to oxygen therapy, there 
are only studies available assessing the acute effects of 
NHFT during exercise tests, showing that NHFT may 
lead to increase in exercise capacity and duration with 
less dyspnea and better oxygenation, compared to stan-
dard oxygen therapy. Table 3 shows an overview of the 
studies that investigated NHFT during exercise thera-
py.

Discussion

Long-Term Use of NHFT in Stable COPD Patients
The evidence for long-term use of NHFT in stable COPD 

patients is limited. Major variation exists in the character-
istics of COPD patients included in the trials; NHFT might 
be beneficial in hypoxemic patients as a replacement of 
LTOT (1 moderate-quality RCT) but also as an add-on to 
LTOT in hypercapnic patients (1 moderate-quality cross-
over study) or as alternative for NIV in hypercapnic pa-
tients (2 cross-over studies with low/moderate quality). 
Furthermore, the studies differed not only in characteristics 
of the included patients but also in NHFT settings used, so 
that we are not sure which settings are optimal. The evi-
dence for clinical use of NHFT in stable COPD is therefore 
still uncertain, and further studies are needed in well-de-
fined patients groups compared to gold standard treatment 
control groups. Research in hypoxemic COPD patients 
should focus on patients who exacerbate frequently to as-
sess the potential clinical impact on admission reduction. 
For hypercapnic COPD patients, an RCT with adequate se-
lection of patients and adequate treatment settings is need-
ed to show whether NHFT is a (superior) alternative to NIV 
in reducing hypercapnia and, more importantly, in achiev-
ing improvement in patient-related outcomes.

Table 3. Overview of all studies regarding NHFT during exercise therapy

Ref. Study design Type of exercise NHFT settings Population Patients, 
n

Main results

NHFT compared to oxygen therapy
[54] Prospective 

 nonrandomized trial: HFT 
vs. low-flow oxygen

CWRT unloaded Flow 20 L/min,  
temp 36° C,  
FiO2 39±11% 

Stable severe COPD  
(FEV1 23% of pred.)

10 Increase in exercise endurance with 
less dyspnea and better oxygenation 
during HFT

NHFT compared to standard care
[55] Cross-over RCT: NHFT 

vs. standard care   
(ambient air or oxygen 
therapy)

CWRT at 80% of 
estimated peak work 
rate 

Flow 60 L/min,  
temp 31° C, FiO2 
0.23±0.03 (n = 9)

Recently discharged  
with AECOPD (FEV1  
29% of pred.)

19 No difference in endurance time. 
Reduced heart rate and nocturnal 
PtCO2 during NHFT

NHFT compared to Venturi mask
[56] Cross-over RCT: NHFT 

vs. VM
CWRT at 75% of peak 
work rate

Flow 58.7 L/min, 
FiO2 44±11%  
(n = 8)

Stable severe COPD  
(FEV1 35% of pred.) with 
exercise limitation

12 Increased endurance time, less 
dyspnea and leg fatigue, and better 
oxygenation during NHFT

[51] Cross-over RCT: NHFT 
vs. VM

IET and CWRT at  
90% of maximal speed 
achieved during the  
IET

Flow 50 L/min,  
FiO2 40%

Stable COPD (FEV1  
44% of. pred.)

28 Increased exercise tolerance during 
both IET and CWRT with less 
dyspnea, and better oxygenation 
during NHFT

NHFT, nasal high-flow therapy; CWRT, constant work rate test, FiO2, fraction of inspired oxygen; FEV1, forced expiratory volume in 1 s; RCT, random-
ized controlled trial; AECOPD, acute exacerbation of COPD; PtCO2, transcutaneous carbon dioxide pressure; VM, Venturi mask; IET, incremental exercise 
test.
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Fortunately, several studies about domiciliary use of 
NHFT are in progress hopefully providing with answers 
the coming future. Currently, NHFT is investigated as 
add-on after their last pulmonary rehabilitation session 
in order to maintain the benefits of the rehabilitation 
(ClinicalTrials.gov NCT03882372), as add-on during and 
after a COPD exacerbation in patients with frequent AE-
COPDs requiring hospitalisations (ClinicalTrials.gov 
NCT03564236), and in hypercapnic COPD patients us-
ing LTOT (ClinicalTrials.gov NCT03282019). 

Use of NHFT during COPD Exacerbations
The evidence for the use of NHFT during COPD exac-

erbations is very scarce: 2 short physiological randomized 
cross-over studies with moderate quality compared NHFT 
to oxygen therapy and 5 (2 observational studies, 1 RCT, 
1 physiological study, and 1 retrospective observational 
study) compared NHFT to NIV. The included patient 
groups were again very diverse: the underlying etiology of 
AECOPD differed, severe hypoxemia was a very prevalent 
finding, and in some studies in which NHFT was com-
pared to NIV, patients included did not seem to qualify for 
NIV at all [43, 45]. Research in hypercapnic nonacidotic 
patients on oxygen therapy should focus on the effects of 
NHFT in relation to patient-related outcomes. In hyper-
capnic acidotic patients, there is a need for a well-designed 
RCT with a well-characterized patient group to show 
whether NHFT is effective or even superior to NIV in sta-
bilizing AECOPD patients. Currently, several studies are 

ongoing to study the effect of NHFT in acidotic AECOPD 
patients (ClinicalTrials.gov NCT03014869, NCT03466385, 
NCT03370666 [37]) and in AECOPD in hypercapnic 
nonacidotic patients on oxygen therapy (Clinical Trials.
gov NCT02439333, NCT03003559).

Use of NHFT during Exercise Therapy
The evidence for the use of NHFT during an exercise 

training in stable COPD patients is upcoming: 1 prospec-
tive nonrandomized trial with low/moderate quality 
comparing NHFT to oxygen therapy and 2 cross-over 
RCTs with moderate quality comparing NHFT to VM all 
showed a beneficial effect of NHFT. Only one cross-over 
RCT that compared NHFT to standard care (ambient air 
or oxygen therapy) in patients who were recently dis-
charged with AECOPD showed no difference in exercise 
endurance. This may be explained by the altered respira-
tory mechanics in AECOPD patients but could also be 
explained by differences in the study protocol like the low 
mean FiO2 during NHFT in comparison with the other 
studies. Further research should focus on comparing 
NHFT to VM, LFO, or no respiratory support while mak-
ing sure that the FiO2 is kept constant between and during 
different trials. Furthermore, research should focus on 
whether NHFT has a beneficial effect when added during 
training as part of a pulmonary rehabilitation program on 
patient-reported outcomes and eventual unassisted exer-
cise endurance and physical activity. This will provide us 
with an answer whether assisted exercise training is in-

NHFT in COPD care
Long-term use AECOPD Exercise therapy

Suggested settings

Suggested indication

Hypoxemic patients with
recurrent exacerbations and
chronic hypercapnic patients

who do not tolerate NIV

Moderately acidotic
patients who do not

tolerate NIV

Stable patients whose
endurance time is
insufficient for an

adequate training effect

Flow: 20–30 L/min
FiO2: SpO2 based

Temp: 37°C 

Flow: 25–60 L/min
FiO2: ±30%, 
 SpO2 based
Temp: 37°C 

Flow: 50–60 L/min
FiO2: ±30–40%, 
 SpO2 based
Temp: 37°C 

Remarks

• Increase flow in 
 hypercapnia
• Only 1 RCT performed 
 in hypoxemia, and 3 
 cross-over trials in
 hypercapnia

• Consider higher flow
 during high inspiratory
 demand
• Based on mostly 
 observational studies and  
 1 RCT with low quality

• Only studies performed
 during exercise tests,
 not during pulmonary
 rehabilitation

Fig. 4. Suggested indications of NHFT in 
COPD care based on available evidence. 
COPD, chronic obstructive pulmonary dis-
ease; AECOPD, acute exacerbations of 
COPD; NIV, noninvasive ventilation; SpO2, 
oxygen saturation; RCT, randomized con-
trolled trial.
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deed clinically worthwhile. Multiple studies are planned 
to investigate the effects of NHFT on exercise endurance, 
for example, by Vitacca et al. [53] (ClinicalTrials.gov 
NCT03322787) of which the results will be expected soon. 

Figure 4 shows an overview of the suggested indica-
tions for different aspects of COPD care. 

Conclusion

This review provided an overview of all clinical studies 
in 3 different aspects of COPD care: long-term use, use 
during AECOPD treatment, and use during exercise ther-
apy. Studies show promising results, but the evidence for 
clinical use is still limited. More evidence is therefore 
needed to incorporate NHFT in standard clinical practice. 
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Appendix 1

Literature Search up to December 9, 2019
1. PUBMED: Long-Term
(“Pulmonary Disease, Chronic Obstructive”[Mesh] OR 

copd[tiab] OR chronic obstructive lung disease*[tiab] OR chronic 

obstructive pulmonary disease*[tiab]) AND (high flow[tiab] OR 
optiflow[tiab]) AND (“Treatment Outcome”[Mesh] OR “Long-
term Care”[Mesh] OR long term[tiab] OR domiciliary[tiab] OR 
stable[tiab] OR outcome*[tiab]).

2. EMBASE: Long-Term
(“chronic obstructive lung disease”/exp OR copd:ab,ti OR 

“chronic obstructive lung disease*”:ab,ti OR “chronic obstructive 
pulmonary disease*”:ab,ti) AND (“high flow”:ab,ti OR 
optiflow:ab,ti) AND (“treatment outcome”/exp OR “long term 
care”/exp OR “long term”:ab,ti OR domiciliary:ab,ti OR stable:ab,ti 
OR outcome*:ab,ti ).

3. PUBMED: Exacerbation
(“Pulmonary Disease, Chronic Obstructive”[Mesh] OR 

copd[tiab] OR chronic obstructive lung disease[tiab] OR chronic 
obstructive pulmonary disease[tiab]) AND (high flow[tiab] OR 
optiflow[tiab]) AND (“Acute Disease”[Mesh] OR acute[tiab] OR 
exacerbat*[tiab]).

4. EMBASE: Exacerbation
(“chronic obstructive lung disease”/exp OR copd:ab,ti OR 

“chronic obstructive lung disease*”:ab,ti OR “chronic obstructive 
pulmonary disease*”:ab,ti) AND (“high flow”:ab,ti OR 
optiflow:ab,ti) AND (“acute disease”/exp OR acute:ab,ti OR 
exacerbat*:ab,ti).

5. PUBMED: Exercise Therapy
(“Pulmonary Disease, Chronic Obstructive”[Mesh] OR 

copd[tiab] OR chronic obstructive lung disease*[tiab] OR chronic 
obstructive pulmonary disease*[tiab]) AND (high flow[tiab] OR 
optiflow[tiab]) AND (“Exercise”[Mesh] OR “Exercise 
Therapy”[Mesh] OR exercise[tiab] OR rehabilitation[tiab]).

6. EMBASE: Exercise Therapy
(“chronic obstructive lung disease”/exp OR copd:ab,ti OR 

“chronic obstructive lung disease*”:ab,ti OR “chronic obstructive 
pulmonary disease*”:ab,ti) AND (“high flow”:ab,ti OR 
optiflow:ab,ti) AND (“exercise”/exp OR “kinesiotherapy”/exp OR 
“exercise”:ab,ti OR rehabilitation:ab,ti).
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