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Key statement

Research question

This study aims to assess the benefit of self-administered high-flow therapy (HFT) in
comparison with standard treatment without HFT in patients with stable, advanced chronic
obstructive pulmonary disease (COPD) or in patients with chronic respiratory failure (CRF)
type 1 with regard to patient-relevant outcomes. Self-administration is suitable for the home
environment, at nursing facilities, at rehabilitation clinics, or at facilities of statutory health
insurance physicians.

Conclusion

On the basis of 1 study on HFT in COPD associated with CRF type 1, no hint of any greater
benefit or harm of oxygen administration via HFT in comparison with oxygen administration
via mask was found when administered repeatedly during physical exercise. It remains unclear
whether a comparable benefit might be present. Data from 1 study on the long-term use of HFT
were unusable because only a subgroup of patients suffered from CRF type 1 and therefore
received an appropriate comparator therapy.

For the application of HFT in comparison with oxygen administration alone in patients with
CREF type 1 and an underlying disease other than COPD, 1 study with repeated application
during exercise was found. The data were unusable for a benefit assessment.

Regarding the use of HFT in patients with COPD and CRF type 2, usable data were available
from 1 included study. This study revealed no benefit or harm of HFT in comparison with
noninvasive ventilation. Since the data of the study are difficult to interpret, it remains unclear
whether a comparable benefit exists.

For COPD without CRF symptoms, data were available from only 1 study and unsuitable for a
benefit assessment.

Across indications, the data do not suggest any harm of HFT.

For all 4 indications, both completed and ongoing randomized controlled trials (RCTs) were
found for assessing HFT. From the described results of all included studies — i.e., with
additional consideration of the studies not usable for the benefit assessment — it follows that the
HFT method to be assessed has the potential of a required treatment alternative. Testing in
initially 2 studies is deemed feasible and meaningful.
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1 Background

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is a common respiratory disease in Germany
and a common cause of death, with around 30,000 people dying from it each year [1]. COPD
is a progressive disorder for which various risk factors have been described, most importantly
smoking and other inhaled toxins [2,3]. As a result, COPD typically occurs in older people [4].

Noxious particles or gases in the respiratory air can lead to pneumonia. Patients with COPD
have an abnormal form of this inflammatory reaction. It is unclear what triggers this
overreaction [5]. Patients exhibit pathological changes such as chronic inflammation in various
parts of the lung as well as structural changes, including in the bronchi. These changes lead to
constriction of the respiratory flow and the accumulation of secretions. As part of COPD,
emphysema can develop. Common symptoms are dyspnoea, coughing, and excess phlegm —
either chronically or under exertion, even while doing everyday activities. COPD is
characterized by exacerbations, during which symptoms worsen, potentially becoming as
severe as acute respiratory distress. In advanced stages of COPD, chronic respiratory failure
(CRF) can develop [6].

The clinical picture is characterized by reduced quality of life and comorbidities [5,6]. To
classify the severity of COPD, the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guideline has defined COPD stages (1 to 4) and patient groups. The 4 stages are based
on the severity of obstruction. For this purpose, 2 values are measured via a pulmonary function
test: after full inspiration, the volume of air that can be forcibly blown out in the first second
(forced expiratory volume in 1 second, FEV1) as well as the volume of air that can be exhaled
(forced vital capacity, FVC). Patient groups are defined using the 2 criteria “frequency of
exacerbations in the past 12 months” and “level of symptoms™ [5].

For therapy, the risk of exacerbations is particularly relevant [5,6].

Since COPD is irreversible, patients primarily receive symptomatic therapy alongside the
recommendation to avoid inhaling noxious particles. Therapy is chosen in part based on the
severity of disease. Alongside physical therapy, mechanical devices such as positive expiratory
pressure (PEP) mask systems can help improve the elimination of secretions [6].

Chronic respiratory failure as an advanced stage of COPD and other diseases

In advanced stages of COPD, CRF can develop. Alongside COPD, numerous other diseases
such as cystic fibrosis, pulmonary arterial hypertension, and neuromuscular diseases can lead
to CRF [7].

Respiratory failure is classified as type 1 (hypoxaemic) or type 2 (hypercapnic). Both involve
a problem with the gas exchange in the lung. In type 1 respiratory failure, the primary issue is
an inability to adequately oxygenate (O2) the blood (hypoxaemia). Type 2 respiratory failure

Institute for Quality and Efficiency in Health Care (IQWiG) -1-
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additionally involves an accumulation of carbon dioxide (CO:) (hypercapnia). Both can be
acute or chronic [6].

Respiratory failure, whether associated with COPD or as the symptom of another disease, is
treated using similar core treatment approaches: (long-term) oxygen therapy (LTOT) is
recommended for the treatment of (chronic) hypoxaemia. Various applications are available for
this purpose. Hypercapnic respiratory failure requires oxygen administration as well as support
in the elimination of carbon dioxide; therefore, ventilation therapy is used. Ventilation can be
invasive or noninvasive [6,7].

High-flow therapy

High-flow therapy (HFT) can modify the treatment of both type 1 respiratory failure (LTOT)
and COPD (LTOT and ventilation). In HFT, patients regularly receive moistened and warmed
room air at high flow rates, typically for several hours, via a nasal cannula. Supplemental
oxygen can be added to HFT. The goal is to support breathing and to eliminate secretions by
moistening the respiratory tract, increasing airway pressure (positive airway pressure), relieving
the respiratory muscle pump, and high flow rates [8,9].

HFT can be administered either in an inpatient setting for acute cases or in the home
environment as long-term therapy. For the present research question, its use in acute cases is
irrelevant.

Experience reports from affected people for supplementary information

To enhance the introduction to the clinical picture, IQWiG makes available individual
experience reports from patients and/or family members. The anonymized experience reports
can provide insights into how the disease is experienced and how its consequences are handled.
The reports can thus help understand the perspectives of affected people.

In the form of interview summaries, the experience reports are published on the IQWiG website
www.gesundheitsinformation.de. They are not representative, and views expressed in the
experience reports do not represent IQWiG recommendations.

More detailed information on the methods used for generating the experience reports is found
in the General Methods 6.0 [10]. Experience reports are found at
https://www.informedhealth.org/i-know-people-who-have-the-same-disease.html.

Institute for Quality and Efficiency in Health Care (IQWiG) -2-
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2 Research question

This study aims to assess the benefit of self-administered high-flow therapy (HFT) in
comparison with standard treatment without HFT in patients with stable, advanced chronic
obstructive pulmonary disease (COPD) or in patients with chronic respiratory failure (CRF)
type 1 with regard to patient-relevant outcomes. Self-administration is suitable for the home
environment, at nursing facilities, at rehabilitation clinics, or at facilities of statutory health
insurance physicians.

Institute for Quality and Efficiency in Health Care (IQWiG) -3-
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3 Methods

The target population of the benefit assessment is adult patients with stable, advanced COPD
as well as children and adults with CRF type 1. The experimental intervention is self-
administered HFT over an extended time period. The comparator intervention is standard
treatment without HFT.

The investigation examined the following patient-relevant outcomes:

=  Mortality

* Morbidity (e.g., exacerbations, exercise performance, respiratory symptoms)
= Hospital admissions and/or outpatient medical treatment due to exacerbations
= Health-related quality of life

=  Adverse events

It included randomized controlled trials (RCTs). If the available RCT-based evidence was
insufficient for a benefit assessment, nonrandomized comparative interventional studies and
prospective comparative cohort studies were to be included as well. There were no restrictions
regarding the study duration.

In parallel to the preparation of the report plan, a search for systematic reviews was conducted
in the MEDLINE database (which includes the Cochrane Database of Systematic Reviews) and
the HTA database as well as on the websites of the National Institute for Health and Care
Excellence (NICE) and the Agency for Healthcare Research and Quality (AHRQ).

It was ascertained whether at least 1 high quality, current systematic review existed whose
information retrieval was a suitable basis for the assessment.

When such a high-quality, current, systematic review was available, in a 2™ step, a
supplementary search was conducted for studies for the time period not covered by the
systematic review(s). Otherwise, the search for studies was carried out without restricting the
time period.

The systematic search for studies was conducted in the databases MEDLINE, Embase, and
Cochrane Central Register of Controlled Trials.

The following sources of information and search techniques were additionally used: study
registries, manufacturer queries, publicly accessible documents from regulatory authorities,
documents sent by the Federal Joint Committee (G-BA), reviews of reference lists, documents
made available from hearing procedures, and requests to authors.

Relevant studies were selected by 2 persons independently from one another. Any discrepancies
were resolved by discussion between them. Data were extracted into standardized tables. To

Institute for Quality and Efficiency in Health Care (IQWiG) -4 -
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assess the qualitative certainty of results, outcome-specific and study-level criteria for the risk
of bias were assessed, and the risk of bias was rated as high or low in each case. The results of
the individual studies were organized according to outcomes and described.

In addition to the comparison of the individual studies’ results, metaanalyses and sensitivity
analyses were conducted and effect modifiers investigated, provided that the methodological
prerequisites had been met. A final summary assessment of the information was performed in
any case.

For each outcome, a conclusion was drawn on the evidence for (greater) benefit and (greater)
harm, with 4 levels of certainty of conclusions: proof (highest certainty of conclusions),
indication (moderate certainty of conclusions), hint (lowest certainty of conclusions), or neither
of the above 3. The latter is the case if no data are available or the available data do not permit
classification into one of the 3 other categories. In that case, the conclusion “There is no hint of
(greater) benefit or (greater) harm” was drawn.

If there was no hint of any (greater) benefit or (greater) harm, a conclusion was to be drawn
regarding any potential, and the key points of a possible government co-sponsored study were
to be specified.

Institute for Quality and Efficiency in Health Care (IQWiG) -5-
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4 Results

4.1 Results of the information retrieval

No systematic reviews were rated as being current and of high quality and included for the
identification of primary studies.

The information retrieval found 5 RCTs to be relevant for the research question of this benefit
assessment. One planned and 3 ongoing studies were found. Furthermore, 2 studies of unclear
status and 1 completed study without reported results were found.

The search strategies for bibliographic databases and trial registries are found in the appendix.
The most recent search was conducted on 14 August 2020.

A total of 5 relevant studies were identified through the various search steps (see also Table 1).

Table 1: Study pool of the benefit assessment

Study Available documents
Full publication (in Registry entry / results Clinical study report from
professional journals) report from the study manufacturer documents
registries (not publicly accessible)
HFT in CRF

COPD with CRF type 1

HFT as long-term treatment

Storgaard 2018* | Yes [11-14] | Yes [15]/no | Yes [16]
HFT used repeatedly during exercise

Vitacca 2020 | Yes [17.18] | Yes [19]/no No
CREF type 1 in the context of other diseases

Chihara 20207 | Yesb[20] | Yes [21]/no No
COPD with CRF type 2

Briunlich 2019 | Yes [22,23] | Yes [24] /o |No

HFT in COPD without CRF
Rea 20107 | Yes [25] | Yes [26] / no No

a. No usable data were available.
b. This is a preliminary version of a manuscript (preprint) that had not completed peer review at a journal by
the editorial deadline of the preliminary report.

COPD: chronic obstructive pulmonary disease; CRF: chronic respiratory failure; HFT: high-flow therapy

4.2 Characteristics of the studies included in the assessment
Hereinbelow, the identified studies are categorized on the basis of the clinical picture and

clinical setting in which HFT was used:

In the studies, HFT was used to treat (1) CRF (chronic hypoxaemia and COPD with chronic
hypercapnia) and (2) COPD without CRF. Typically, HFT was administered as long-term
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treatment (for several months) for several hours daily. For chronic hypoxaemia, however, some
studies investigated its use during repeated exercise (physical training).

4.2.1 HFT in CRF
COPD with CREF type 1

HFT as long-term treatment

One study (Storgaard 2018 [11]) was found on the long-term use of HFT in patients with
chronic hypoxaemia. This study investigated the use of HFT as an adjunct to LTOT in
comparison with LTOT alone.

The Storgaard 2018 study [11] was conducted in 4 Danish hospitals between 2013 and 2015.
A total of 200 patients with stable COPD and chronic hypoxaemia were included. The study
did not define any explicit inclusion or exclusion criteria regarding COPD severity. However,
based on low FEV1 values at baseline and the fact that it included only patients who had
received LTOT for at least 3 months, COPD can be assumed to have been severe or very severe.
A post hoc analysis [14] shows that 117 of the 200 included patients were not only hypoxaemic
but also hypercapnic and hence suffered from CRF type 2. The study excluded any patients
who received noninvasive ventilation (NIV). Patients were randomized to either LTOT plus
HFT or to LTOT alone — both for self-administration at home. In the intervention group,
patients received HFT with oxygen-enriched room air at a recommended flow rate of 20 L/min.
HFT was to be applied at night and for at least 8 out of 24 hours. Patients of the intervention
group as well as those of the control group continued to receive their usual medical care. The
outcomes of all-cause mortality, acute exacerbations, dyspnoea, quality of life, exercise
performance, and hospital admissions were recorded over the study duration of 12 months.
However, LTOT is the appropriate comparator therapy only for the 83 patients with CRF
type 1. As per the guideline [6], the 117 patients with CRF type 2 should have received NIV.
The study was included but is not further presented below because the study’s authors were
unable to send any usable data on the patient population relevant for the research question
before the completion of this report.

HFT during repeated physical exercise

One study was found on the use of HFT during repeated physical exercise in COPD with CRF
type 1. The multicentre study Vitacca 2020 [17] was conducted in Italy between 2017 and
2018. It included 171 patients with COPD and chronic hypoxaemia. Another inclusion criterion
was having been on LTOT treatment for at least the prior 3 months. Patients were randomized
to 2 study arms, where they received either oxygen-enriched HFT or oxygen administered via
Venturi mask during 30 minutes of physical exercise. In both study arms, each patient
participated in 5 training units per week for 4 weeks. The primary study outcome was endurance
in a stress test at a constant work rate, but results were reported for only 25.9% (46/171) of the
included patients. This study also recorded exercise performance by means of the 6-minute
walk test (6MWT) as well as activities of daily living.

Institute for Quality and Efficiency in Health Care (IQWiG) -7 -
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CREF type 1 in the context of other diseases

Regarding CRF type 1 in the context of other diseases, 1 study was found in which HFT was
used during repeated exercise.

The preprint of the Chihara 2020 [20] RCT reports data on 32 patients. The study included
patients with CRF who were willing to participate in an inpatient rehabilitation program and
had been on LTOT for at least the prior 3 months. Since they required supplemental oxygen,
the patients can be assumed to have had CRF type 1. Their respiratory failure was due to various
underlying diseases: 13 patients had COPD, 15 patients had idiopathic pulmonary fibrosis, and
4 patients had bronchiectasis. During the study, the patients exercised on a cycle ergometer,
completing 5 units per week for a duration of 4 weeks. The intervention group received oxygen-
enriched HFT at a flow rate of 50 L/min during exercise. The control group was administered
oxygen without HFT via nasal cannula. The primary study outcome was change in exercise
performance, measured by 6MWT.

While COPD is an obstructive lung disease, idiopathic pulmonary fibrosis is a restrictive one.
Hence, the patient populations differ not only in quality of life and the prognosis associated
with acute exacerbation, but also in the pathophysiology of the underlying disease with regard
to the potential mechanism of action of HFT. Assessing both clinical pictures together was
therefore deemed inappropriate. However, the study fails to break down the results by
underlying clinical picture. Therefore, the study is unsuitable for drawing conclusions on any
of the individual clinical pictures associated with CRF type 1 (COPD, pulmonary fibrosis, or
bronchiectasis). Its results are not presented below.

No studies were found on further clinical pictures associated with CRF type 1.

COPD with CREF type 2

One study was found on the use of HFT in patients with COPD and chronic hypercapnia. In
this study, HFT was used to replace NIV.

The Bréaunlich 2019 [22] multicentric cross-over study was conducted in Germany between
2011 and 2016. A total of 102 patients with COPD and chronic hypercapnia (average partial
pressure of carbon dioxide [pCO:] reported as 56.5 £ 5.4 mmHg) were randomized. The
majority of patients were at a high risk of exacerbations, and 90% of patients were categorized
into group D of the GOLD classification [5]. This means that, in the past year, they had suffered
from either 2 or more exacerbations or from 1 exacerbation leading to hospital admission and
severe symptoms. In addition, most patients had low pulmonary function values (mean FEV1
of 28.5%). Over a period of 6 weeks each, patients received either first HFT followed by NIV
(HFT-NIV sequence) or vice versa (first NIV followed by HFT [NIV-HFT sequence]). Both
HFT and NIV were recommended for night-time use and a minimum duration of 6 hours per
day. For HFT, a nasal cannula was used. The flow rate was 20 L/min, and oxygen was
constantly supplied. For NIV, the pressure was adjusted according to the patient’s tolerance to
obtain the maximum possible reduction of partial pressure of carbon dioxide. The primary

Institute for Quality and Efficiency in Health Care (IQWiG) -8-
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outcome of the study was reduction in pCO,. The study also recorded mortality, dyspnoea,
exercise performance, quality of life, adverse events (AEs), and health status, all measured by
a visual analogue scale. Only 67 of 94 patients who started treatment completed the study.
Among them, 26 of 44 patients (59%) completed the HFT-NIV sequence, compared to 41 of
50 patients (82%) with the NIV-HFT sequence. The two study sequences differed by 23% in
terms of persons with complete data. The study was prematurely discontinued by 29% of
patients.

4.2.2 HFT in COPD without CRF
One study was found on the use of HFT in COPD patients without CRF.

The Rea 2010 study [25] investigated HFT in 108 patients with COPD or bronchiectasis and a
high risk of exacerbation. Inclusion criteria for this study were at least 2 exacerbations in the
prior year as well as a daily sputum production of more than 5 mL. In the intervention group,
patients received humidified, maximally saturated room air at a flow rate of 20 to 25 L/min. No
oxygen was added, except in patients who received oxygen in pre-existing LTOT. Patients in
the comparator group received standard care. No blood gas analysis results were reported. The
study had a mixed patient population (COPD and bronchiectasis, different COPD severities,
unclear percentage of patients with LTOT), which cannot be unequivocally said to suffer from
advanced COPD. Further, no subgroup analyses are available for patients with advanced
COPD. The patient population also cannot be allocated to any other clinical picture in the
presence of CRF type 1. Consequently, the data available from the study are unsuitable for
assessing the effect of HFT (1) in COPD without CRF or (2) in a clinical picture without COPD
in the presence of CRF type 1. The study’s results are not presented below.

4.3 Overview of patient-relevant outcomes

Data on patient-relevant outcomes were extracted from 2 studies (Vitacca 2020 and Bréunlich
2019). Table 2 presents an overview of the data on patient-relevant outcomes from the included
studies.

Three studies (Storgaard 2018, Chihara 2020 and Rea 2010), provided no usable results (see
Sections 4.2.1 and 4.2.2).

An overview of the employed measuring instruments is found in Section A7 of the full report.
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Table 2: Matrix of patient-relevant outcomes

Study Outcomes
Mortality Morbidity QoL
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HFT in CRF
COPD with CREF type 1
HFT as long-term treatment
Storgaard 2018 ‘ Data from the study are unusable
HFT used repeatedly during exercise
Vitacca 2020 ‘ - | - | o | o | 0P/ e° od | - ‘ - ‘ - | o
CREF type 1 in the context of other diseases
Chihara 2020 ‘ Data from the study are unusable
COPD with CRF type 2
Bréunlich 2019 ‘ o | o | ° | - | o c | - | - ‘ ° ‘ — | o
HFT in COPD without CRF
Rea 2010 ‘ Data from the study are unusable

e: Data were reported and were usable.

o: Data were reported but unusable for the benefit assessment.

—: No data were reported (no further information) / The outcome was not surveyed.
a. Surveyed by 6MWT (distance).

b. Surveyed by CWRET.

c. Surveyed by the modified Borg scale.

d. Surveyed by the Barthel index.

e. Surveyed by SGRQ, SRI, and VAS.

6MWT: 6-minute walk test; AE: adverse event; COPD: chronic obstructive pulmonary disease; CRF: chronic
respiratory failure; CWRET: Constant Work Rate Exercise Test; HFT: high-flow therapy; QoL: quality of life;
SAE: serious adverse event; SGRQ: St George’s Respiratory Questionnaire; SRI: Severe Respiratory
Insufficiency Questionnaire; VAS: visual analogue scale

4.4 Assessment of the risk of bias of results

HFT in COPD with CRF type 1

For Vitacca 2020, the risk of bias at study level has been assessed as low. The study’s outcome-
specific risk of bias for the results on exercise performance and on activities of daily living was
rated as high because the intention-to-treat principle was inadequately implemented.
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HFT in COPD with CRF type 2

The Braunlich 2019 study was rated as having a high risk of bias across outcomes. This was
due to an insufficient description of the statistical model used for the analysis and a large
number of missing values.

4.5 Results on patient-relevant outcomes

No usable data are available for the indication of CRF type 1 in the context of diseases other
than COPD.

4.5.1 Results on all-cause mortality

HFT in COPD with CRF type 1

For the outcome of mortality, no usable data were reported.

HFT in COPD with CRF type 2

Braunlich 2019 reported 2 deaths on HFT and 2 on NIV therapy. Due to the cross-over design,
however, these results cannot be meaningfully interpreted.

4.5.2 Results on acute exacerbations

HFT in COPD with CRF type 1

No usable data were available on the outcome of acute exacerbations.

HFT in COPD with CRF type 2

In Braunlich 2019, acute exacerbations were found both on HFT and on NIV. Due to the study
design (cross-over design without wash-out phase) and the short study duration of only 6 weeks
per intervention, the results cannot be meaningfully interpreted.

4.5.3 Results on dyspnoea
HFT in COPD with CRF type 1

No usable results on dyspnoea were reported.

HFT in COPD with CRF type 2

In the Braunlich 2019 study, 4.3% of patients on NIV exhibited dyspnoea during the 6-week
treatment period. None of the patients suffered from dyspnoea while on HFT. No information
is available as to whether the events occurred in patients allocated to the HFT-NIV or the NIV-
HFT sequence. This makes it impossible to correctly calculate the effect size by means of the
odds ratio.

For the outcome of dyspnoea, there is consequently no hint of benefit of HFT versus NIV in
COPD with CRF and chronic hypercapnia.
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4.5.4 Results on COPD symptoms
HFT in COPD with CRF type 1

No usable data were available on COPD symptoms.

HFT in COPD with CRF type 2

No data were available on this outcome.

4.5.5 Results on exercise performance

HFT in COPD with CRF type 1

Usable results on exercise performance were surveyed in 1 study with repeated use of HFT
during physical exercise (Vitacca 2020).

The modified Borg scale showed no significant difference in exercise performance between
patients on HFT versus those on oxygen without HFT during the training units.

For the outcome of exercise performance, this results in no hint of benefit or harm of HFT
versus the administration of oxygen alone during exercise in COPD with CRF type 1.

HFT in COPD with CRF type 2

Bréaunlich 2019 showed no statistically significant difference for the outcome of exercise
performance.

For this outcome, this results in no hint of benefit or harm of HFT versus NIV in COPD with
CREF type 2.

4.5.6 Results on activities of daily living

HFT in COPD with CRF type 1

Results on activities of daily living, surveyed using the Barthel index, were reported by the
Vitacca 2020 study. No statistically significant difference in the Barthel index was found
between the intervention and control groups.

This results in no hint of benefit or harm of HFT versus the administration of oxygen alone
during exercise in COPD with CRF type 1.

HFT in COPD with CRF type 2

Bréunlich 2019 did not collect any data on activities of daily living.

4.5.7 Results on hospital admissions

HFT in COPD with CRF type 1

For the outcome of hospital admissions, no usable data are available.
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HFT in COPD with CRF type 2

Bréaunlich 2019 collected no data on hospital admissions.

4.5.8 Results on serious adverse events and discontinuation due to adverse events

HFT in COPD with CRF type 1

Vitacca 2020 provided no data on serious adverse events or discontinuation due to adverse
events.

HFT in COPD with CRF type 2

In Braunlich 2019, at least 1 serious adverse event (SAE) occurred in 13.8% of patients on HFT
compared to 12.8% of patients on NIV. Since no information is available as to whether the
events occurred in patients allocated to the HFT-NIV or NIV-HFT sequence, the effect size
cannot be correctly calculated using the odds ratio.

This results in no hint of harm of HFT versus NIV in COPD with CRF type 2.

4.5.9 Results on health-related quality of life
HFT in COPD with CRF type 1

For the outcome of health-related quality of life, no usable data were available.

HFT in COPD with CREF type 2

Bréaunlich 2019 surveyed data on quality of life using St George’s Respiratory Questionnaire
(SGRQ, developed for COPD patients) and the Severe Respiratory Insufficiency Questionnaire
(SRI, developed for CRF patients). In addition, quality of life was surveyed using a visual
analogue scale. None of these scales (sum scores or relevant subscales) revealed any statistically
significant difference in mean differences (all p-values > 0.28).

For the outcome of health-related quality of life, this results in no hint of benefit of HFT versus
NIV in COPD with CRF type 2.
4.6 Overall evaluation of results

Evidence map

Table 3 below shows the evidence map regarding patient-relevant outcomes.
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Table 3: Evidence map regarding patient-relevant outcomes

Indication Mortality Morbidity QoL
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HFT in CRF
COPD in CRF
type 17
CRF type 1 in
the context of N/A since data from the study are unusable
further diseases
COPD with 3 o | o B o B B PN B PN
CRF type 2
HFT in COPD .
without CRF N/A since data from the study are unusable
<: no hint, indication, or proof; homogeneous result
a. HFT during repeated physical exercise.
—: Data were not reported or unusable.
AE: adverse event; COPD: chronic obstructive pulmonary disease; CRF: chronic respiratory failure; HFT:
high-flow therapy; N/A: not applicable; QoL: quality of life; SAE: serious adverse event

Assessment of the volume of unpublished data

The information retrieval found 2 study registry entries whose identified study end date was
more than 1.5 years in the past; therefore, study results could have been published. However,
no results have been reported so far (see Table 12 of the full report). Since the study entries
have not been updated at all after their original creation, it is unclear whether the studies ever
started.

The existence of these study registry entries does not affect the overall conclusions for
2 reasons: (1) due to the uncertainty regarding the study start, and (2) due to the questionable
relevance of the study population in both studies.

Weighing of benefits versus harm

HFT in COPD with CRF type 1

Data from 1 study using HFT during repeated physical exercise were used for the assessment.
No hint of benefit was found on the basis of the outcomes of activities of daily living and

exercise performance. No usable data were available on HFT’s long-term use, which is more
relevant in care. Therefore, it is unclear whether a comparable benefit exists.
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Vitacca 2020 reported no harm of HFT; however, due to the short study duration and the short
duration of use (5 training units per week at 30 minutes each), the study was subject to some

limitations concerning its suitability for drawing conclusions on the potential harm of long-term
use of HFT.

Insufficient data are available for a final benefit-harm assessment.

HFTin CRF type I in the context of another disease

For this indication, 1 study was included, but its data were unusable. Hence, no data are
available for a final benefit-harm assessment.

HFT in COPD with CRF type 2

After 6 weeks of use of HFT in COPD with CRF type 2, no hint of benefit was found for the
outcomes of exacerbations, dyspnoea, exercise performance, SAEs, or health-related quality of
life. The data also did not result in any hint of benefit or harm on the study level. Due to key
deficiencies in the conduct and analysis of the study, it is impossible to determine whether there
might be a comparable benefit:

1) Inthe Braunlich 2019 study, the results of HFT or NIV were surveyed after short
treatment durations of only 6 weeks each. Further, a carry-over effect cannot be ruled out
due to the lack of a wash-out phase.

2) The Bréunlich 2019 study exhibits problems with the application of the experimental and
comparator interventions. Ventilation is intended to achieve normocapnia. Whether this is
successful depends, among other things, on the pressure setting as well as the duration of
ventilation [7]. It is unclear whether the low average inspiratory pressure setting of 20.5
(standard deviation [SD] 3.6) centimetres of water (cmH>O) is the optimal treatment
setting for both the intervention group and the comparator group. In addition, the study
group prespecified, for both HFT and NIV, a minimum duration of use of at least 6 hours
daily. The actual mean daily duration of use of was 5.2 (SD: 3.3) hours for HFT and 3.9
(SD: 2.5) hours for NIV. The mean duration of use significantly differed between groups
in favour of HFT (p < 0.001).

3) Large amounts of missing data were replaced.

HFT in COPD without CRF

The included studies provided no usable data on the use of HFT in COPD without CRF. Hence,
no data were available for weighing benefit and harm.

Assessment of the potential of a required treatment alternative

In all 4 indications, data are lacking or insufficient for weighing benefit versus harm.

To derive a conclusion on the potential of a required treatment alternative, the 5 studies included
via the systematic search were used. The studies were listed in the study pool and described
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(see Section 4.2 as well as Sections A3.1.3 and A3.2.1 of the full report); 3 of these 5 studies
were not usable for the benefit assessment, the reasons are described in Section 4.2 (Chihara
2020, Rea 2010 and Storgaard 2018), but are used to assess the potential.

HFT in COPD with CRF type 1

For the use of HFT in COPD and CRF type 1, when used repeatedly under exercise, 1 study
showed no hint of benefit or harm over oxygen by mask (Vitacca 2020). Data from 1 study
(Storgaard 2018) on the long-term use of HFT were not usable for the benefit assessment
because only a subgroup (83 of 200) of patients had CRF type 1 and thus received an adequate
comparator therapy. This study showed a lower rate of acute exacerbations with HFT plus
LTOT compared with LTOT alone for both the overall population (N = 200, Storgaard 2018)
and the subgroup of COPD patients with CRF type 2 (N = 117, Storgaard 2020). Since similar
results were observed both in the mixed overall population and in the subgroup of patients with
COPD with CRF type 2, on the basis of these results, a possible advantage in terms of the rate
of exacerbations in the sense of a potential can also be assumed for the subgroup of patients
with COPD with CRF type 1. This results in a potential of HFT as a required treatment
alternative in patients with COPD and CRF type 1.

HFT in an underlying condition other than COPD and CRF type 1

For the use of HFT versus oxygen-only administration in patients with an underlying condition
other than COPD and CRF type 1, 1 study (Chihara 2020) with repeated use under exercise was
identified. The study population was mixed. Idiopathic pulmonary fibrosis accounted for the
largest proportion, approximately 50%. The results are not presented differentiated by
underlying medical conditions. Therefore, the data were not usable for a conclusion on benefit.
Based on results from the overall study population on the 6-minute walk test showing a
numerical difference of HFT versus oxygen administration alone to the advantage of HFT, there
is potential for HFT as a required treatment alternative for patients with idiopathic pulmonary
fibrosis as an underlying condition and CRF type 1.

HFT in COPD with CRF type 2

For the use of HFT in patients with COPD and CRF type 2, usable data were available in 1
included study (Braunlich 2019). This showed no benefit or harm of HFT compared with
noninvasive ventilation. An equivalence of HFT and noninvasive ventilation cannot be assessed
due to only limited interpretability of the data (see Section 4.6). In the study, the blood of those
treated with HFT showed a reduction in carbon dioxide partial pressure — a plausible surrogate
endpoint for improved expiration and thus reduced morbidity (dyspnoea, sleep disorder, etc.).
This suggests a potential for the method as a required treatment alternative in patients with
COPD and CREF type 2.
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HFT in COPD

For COPD without CRF, data were available from 1 study (Rea 2010), which could not be used
for a conclusion on benefit. Results are not presented differentiated by the underlying 2
conditions (COPD without CRF and bronchiectasis without CRF type 1). Study participation
was not limited to advanced-stage COPD. 63 of the 108 patients had COPD. The proportion of
those with advanced COPD is unclear. There is also no relevant subgroup analysis of patients
with advanced COPD without CRF. In the mixed overall study population, there was a
statistically significant effect in favour of HFT versus standard treatment for the number of days
with exacerbation, time to first exacerbation, and quality of life. Because the mechanism of
action is comparable in both conditions (COPD and bronchiectasis), there is potential for HFT
as a required treatment alternative for patients with COPD without CRF.

In summary, for all 4 indications, the described results of the included studies indicate that HF T
has the potential to be a required treatment alternative.

A look at ongoing studies does not suggest that sufficient data will be available in the future to
weigh benefits and harms: Information retrieval identified an additional 3 entries on ongoing
studies and 1 on a planned study. Table 4 outlines the study characteristics according to the
registry entries and presents the extent to which the studies are in principle suitable to
demonstrate a benefit of the method. This shows that there are no ongoing studies on the basis
of which a demonstration of benefit can be expected, which is why key points for corresponding
testing studies for 2 indications are formulated in the following section.

Institute for Quality and Efficiency in Health Care (IQWiG) -17 -



Extract of final report N20-02

Version 1.1

Self-administered HFT in advanced COPD or type 1 CRF

6 July 2021

Table 4: Studies without reported results — characteristics according to registry entry and

potential suitability for demonstrating a benefit

Comparison: standard
treatment (LTOT if needed)

6 months

Study Document Study |N Status Patients Suitability for
type type (planned Intervention demonstrating a
Citation end of Comparison benefit
study) Duration
NCTO0395 | Study registry |RCT 30 |Ongoing Population: COPD, chronic | No clear suitability
9982 entry [27] (01/2022) bronchitis, no data on due to unclear
stability, on CRF patient population
Intervention: nocturnal HFT | (stage of COPD) and
for min. 4 hrs unclear comparison
Comparison: no data
Primary outcomes:
Breathlessness, quality of life,
sleep quality, spirometry,
exercise capacity
6 weeks
NCT0428 | Study registry |RCT 36 |Ongoing Population: stable COPD, Not suitable because
1316 entry [28] (01/2022) hypercapnia, lack of NIV reliable conclusions
adherence. for the overall
Intervention: HFT of unclear |population cannot be
duration derived from results
Comparison: NIV as before of patients with
(1_5 hrs per day) known lack of NIV
adherence
3 months
NTR7513 | Study registry | RCT 80 |Planned Population: stable COPD with | No clear suitability
entry [29] (12/2020) |hypoxaemia due to unclear study
Intervention: HFT under population (stage of
repeated exercise COPD) and no long-
Comparison: oxygen term use
administration
40 applications
NCTO0388 | Study registry | RCT 46 | Ongoing Population: COPD III-1V No clear suitability
2372 entry [30] (04/2022) | Intervention: HFT for 8 hrs as no clear
(additional LTOT if needed) |comparison

COPD: chronic obstructive pulmonary disease; CRF: chronic respiratory failure; HFT: high-flow therapy;
LTOT: long-term oxygen therapy; N: number of patients; NIV: noninvasive ventilation; RCT: randomized
controlled trial; hrs: hours
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4.7 Key points for government co-sponsored studies

In the following sections, government co-sponsored studies are suggested, initially for 2
indications, namely the epidemiologically more relevant clinical pictures of COPD with CRF
type 1 and CRF type 2. On the basis of the experience gained from these government co-
sponsored studies, at a later time, government co-sponsored studies on the two other indications
(CRF with an underlying disease other than COPD as well as COPD without CRF) might be
planned and conducted as well, making it possible to establish a benefit for all 4 indications.

4.7.1 Key points of a government co-sponsored study in COPD with CRF type 1

Any benefit of HFT in patients with COPD with hypoxaemia in the context of CRF type 1
should be investigated in the form of an RCT.

This RCT should include patients with stable COPD and CRF type 1 who require LTOT (blood
gas analysis results in patients with severe chronic hypoxaemia without severe hypercapnia:
arterial partial pressure of oxygen (PaO») <55 mmHg, arterial partial pressure of carbon
dioxide (PaCO,) < 50 mmHg or in chronic hypoxaemia and pulmonary heart disease with(out)
cor pulmonale and/or secondary polycythaemia PaO, 55-60 mmHg; see [31]). The study should
exclude patients with contraindications for the investigational or comparator intervention
according to guidelines as well as any patients in whom stable COPD can be ruled out or who
are thought to suffer from acute rather than chronic respiratory failure.

The intervention should be self-administered HFT with oxygen-enriched air as an adjunct to
LTOT for a duration of 6 months. The comparator therapy should be LTOT as recommended
by the guidelines [31].

Study hypothesis, outcomes, estimated number of cases

The study objective should be to prove that, in patients with COPD and CRF type 1, HFT as an
adjunct to LTOT is superior to LTOT alone with regard to the primary outcome. The primary
outcome should be health-related quality of life, measured by a validated instrument (e.g., SRI
[32,33]).

Particularly relevant secondary outcomes would be all-cause mortality, acute exacerbations,
severity of dyspnoea (measured by a validated instrument, such as the modified Medical
Research Council [mMRC]), length of hospital stay, and AEs.

The below discussion of estimated case numbers is not intended as a binding calculation but as
an approximate estimate of the case numbers required. Case numbers with binding effect must
be planned during the specific planning of the study.

Assuming a mean effect size of Hedges’ g = 0.5 (based on the Storgaard 2018 results), a 2-sided
significance level of 5%, a power of 90% and the use of a t-test, 172 cases would be needed,
1.e., 86 patients per treatment arm. At an assumed drop-out rate of about 30%, this results in a
total of 246 patients to be included (123 per treatment arm).
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The study should be multicentric. Ideally, patients should be recruited via outpatient centres,
inpatient centres, or local cooperating hospitals that offer both treatment methods. The time
required for patient recruitment determines the estimated study duration. If a recruitment period
of 2 years can be achieved, the study duration including study preparation, recruitment, follow-
up, and analysis would equal about 4 years.

The study must be conducted in compliance with the Guideline for Good Clinical Practice
(GCP).

Prospects of success for government co-sponsored studies

In principle, it is possible to conduct a government co-sponsored study suitable for obtaining
the necessary information for assessing the method’s benefit.

In Germany, enough patients meeting the inclusion criteria for the government co-sponsored
study are thought to be available for reaching the estimated number of cases.

Study costs
For studies with small case numbers and normal or high resource requirements, the study-

specific cost would be about €10,000 or €12,000, respectively, per participant. On the basis of
these assumptions, the estimated study costs equal €2.5 million to €3 million.

These cost estimates are intended to provide an orientation and are not to be used as the basis
for contractual cost agreements.

4.7.2 Key points of a government co-sponsored study in COPD with CRF type 2

The benefit of HFT in patients with COPD and hypercapnia in the context of CRF type 2 should
be investigated in the form of an RCT.

The study should include patients with stable COPD and CRF type 2 requiring NIV (blood gas
analysis: PaO; <55 mmHg, PaCO, > 50 mmHg; see [7]). It should exclude patients with
contraindications for the investigational or comparator intervention according to guidelines as
well as any patients in whom stable COPD can be ruled out or who are thought to suffer from
acute rather than chronic respiratory failure.

The intervention should be HFT self-administered for 6 months in comparison with NIV as per
guideline recommendation [7].

Study hypothesis, outcomes, estimated number of cases

The study objective should be to prove that, in patients with COPD and CRF type 2, HFT is
superior to NIV with regard to the primary outcome. The primary outcome should be quality of
life, measured by a validated instrument (e.g., SRI).
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Particularly relevant secondary outcomes would be all-cause mortality, acute exacerbations,
severity of dyspnoea (measured by a validated instrument, such as the mMRC), length of
hospital stay, and AEs.

The below discussion of estimated case numbers is not intended as a binding calculation but as
an approximate estimate of the case numbers required. Case numbers with binding effect must
be planned during the specific study planning.

Assuming a mean effect size of Hedges’ g = 0.5 (based on the Storgaard 2018 results), a 2-sided
significance level of 5%, a power of 90% and the use of a t-test, 172 cases would be needed,
i.e., 86 patients per treatment arm. At an assumed drop-out rate of about 30%, this results in a
total of 246 patients to be included (123 per treatment arm).

The study should be multicentric. Ideally, patients should be recruited for the study through
centres or local cooperating hospitals that offer both treatment methods. Effective NIV as
specified by guidelines (duration of use, ventilation pressure) must be ensured. If a recruitment
period of 2 years can be achieved, the study duration including study preparation, recruitment,
follow-up, and analysis would equal about 4 years.

The study must be conducted in compliance with the Guideline of Good Clinical Practice
(GCP).

Prospects of success for government co-sponsored studies

In principle, it is possible to conduct a government co-sponsored study suitable for obtaining
the necessary information for assessing the method’s benefit.

In Germany, enough patients meeting the inclusion criteria for the government co-sponsored
study are thought to be available for reaching the estimated number of cases.

Study costs

For studies with small case numbers and normal or high resource requirements, the study-
specific cost would be about €10,000 or €12,000, respectively, per participant. On the basis of
these assumptions, the estimated study costs equal €2.5 million to €3 million.

These cost estimates are intended to provide an orientation and are not to be used as the basis
for contractual cost agreements.
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5 Classification of the assessment result

CREF type 1 and type 2 differ in pathophysiology (lung impairment and associated pulmonary
failure and hypoxaemia versus respiratory pump failure and associated ventilatory failure and
[additional] hypercapnia) as do the therapies’ mechanisms of action. Due to differences in the
treatment mechanism, it is deemed inappropriate to jointly analyse studies on HFT as a
comparator for LTOT and NIV. For this reason, key parameters have been defined for
2 separate government co-sponsored studies with 2 different comparator treatments. In COPD
and CRF type 1, HFT should be investigated as an adjunct to LTOT versus LTOT alone. In
COPD and CREF type 2, HFT can be used as an alternative to NIV.

One study provided usable data on the use of HFT in patients with CRF type 1. Due to its
objective and duration, this study did not survey outcomes such as mortality or acute
exacerbations. Doing so would require a study duration of 1 year (or more). Although a study
on the long-term use of HFT which included patients with COPD and hypoxaemia was found,
namely Storgaard 2018, this study also included patients with COPD and hypercapnia, who
therefore received a comparator intervention that is not in compliance with the guideline. By
the time the final report was completed, no data which would be adequate for a benefit
assessment were made available for the subgroup of patients with CRF type 1.

In addition to Braunlich 2019, the systematic literature search found 1 further study on HFT in
COPD and hypercapnia in the context of CRF type 2. Said study (Nagata 2018 [34]) was
excluded and was therefore not usable for the benefit assessment. Nagata 2018 was excluded
because the patients in the study received LTOT as the comparator therapy, which is not an
appropriate comparator. As per the guideline, NIV is indicated at PaCO; values of > 50 mmHg
[31]. For the Nagata 2018 study population, values above 85 mmHg have been reported. Hence,
treatment with NIV would be indicated, rather than LTOT as provided in the Nagata 2018 study.
In Nagata 2018, patients exhibited a mean PaCO> of 51.5 mmHg (HFT + LTOT group) or
52.3 mmHg (LTOT group) and a PaO; of 89.2 mmHg (HFT + LTOT group) or 87.8 mmHg
(LTOT group) at comparatively low oxygen flow rates of 1.2—1.4 L/min. The current guidelines
on NIV and LTOT [7,31,35] recommend long-term NIV at a daytime PaCO; > 50 mmHg.
LTOT is recommended if the PaO, value is repeatedly measured to be <55 mmHg or, in the
presence of secondary polycythaemia or signs of cor pulmonale, already at a PaO> < 60 mmHg.
For patients with severe (GOLD stage V), stable hypercapnic COPD, a study conducted in the
German healthcare system [36] shows considerably lower mortality for positive-pressure NIV
compared to the control group without NIV (1-year mortality of 12% versus 33%, p < 0.001).

Institute for Quality and Efficiency in Health Care (IQWiG) -22-



Extract of final report N20-02 Version 1.1

Self-administered HFT in advanced COPD or type 1 CRF 6 July 2021

6 Conclusion

On the basis of 1 study on HFT in COPD associated with CRF type 1, no hint of any greater
benefit or harm of oxygen administration via HFT in comparison with oxygen administration
via mask was found when administered repeatedly during physical exercise. It remains unclear
whether a comparable benefit might be present. Data from 1 study on the long-term use of HFT
were unusable because only a subgroup of patients suffered from CRF type 1 and therefore
received an appropriate comparator therapy.

For the application of HFT in comparison with oxygen administration alone in patients with
CREF type 1 and an underlying disease other than COPD, 1 study with repeated application
during exercise was found. The data were unusable for a benefit assessment.

Regarding the use of HFT in patients with COPD and CRF type 2, usable data were available
from 1 included study. This study revealed no benefit or harm of HFT in comparison with
noninvasive ventilation. Since the data of the study are difficult to interpret, it remains unclear
whether a comparable benefit exists.

For COPD without CRF symptoms, data were available from only 1 study and unsuitable for a
benefit assessment.

Across indications, the data do not suggest any harm of HFT.

For all 4 indications, both completed and ongoing RCTs were found for assessing HFT. From
the described results of all included studies — i.e., with additional consideration of the studies
not usable for the benefit assessment — it follows that the HFT method to be assessed has the
potential of a required treatment alternative. Testing in initially 2 studies is deemed feasible and
meaningful.
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Appendix A  Search strategies

A.1 Searches in bibliographic databases

Search for systematic reviews
1. MEDLINE
Search interface: Ovid

Ovid MEDLINE(R) ALL 1946 to June 09, 2020

The following filters were adopted:

Systematic review: Wong [37] — High specificity strategy

6 July 2021

Searches

(high flow* adj2 (nasal* or oxygen* or humidified*)).ti,ab.

humidification*.ti,ab.

high flow.kf.

or/1-3

cochrane database of systematic reviews.jn.

(search or MEDLINE or systematic review).tw.

meta analysis.pt.

or/5-7

O |0 | ||| |W|N|—|FH

8 not (exp animals/ not humans.sh.)

—_
(=]

and/4,9

—_—
—_—

10 and (english or german).lg.

2. HTA Database
Search interface: INAHTA

#

Searches

high flow*

nasal®* OR oxygen* OR humidified*

#2 AND #1

humidification*

DN | |W|N |

#4 OR #3

Search for primary studies
1. MEDLINE

Search interface: Ovid

Ovid MEDLINE(R) 1946 to June Week 3, 2020
Ovid MEDLINE(R) Daily Update June 29, 2020
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The following filters were adopted:

= RCT: Lefebvre [38] — Cochrane Highly Sensitive Search Strategy for identifying
randomized trials in MEDLINE: sensitivity-maximizing version (2008 revision)

Searches

(high flow* adj3 (nasal* or oxygen®* or humidified*)).ti,ab.

humidification* ti,ab.
high flow .kf.
or/1-3

randomized controlled trial.pt.

controlled clinical trial.pt.

(randomized or placebo or randomly or trial or groups).ab.

drug therapy.fs.

or/5-8

exp animals/ not humans.sh.
9 not 10

4and 11

12 not (comment or editorial).pt.

O |0 | QN[N ||~ |W| N | —=|FH

—_
(=]

—_—
—_—

—_
[\

—
w

_.
o

13 and (english or german).lg.

—
()]

remove duplicates from 14

Search interface: Ovid
= Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 1946 to June 29, 2020

* Ovid MEDLINE(R) Epub Ahead of Print June 29, 2020

Searches

(high flow* adj3 (nasal* or oxygen* or humidified*)).ti,ab.

humidification* ti,ab.
high flow kf.
or/1-3

(clinical trial* or random* or placebo).ti,ab.

trial.ti.
or/5-6
4 and 7

8 not (comment or editorial).pt.

O ([0 [ Q[N [N | |[W[IN|~—|F

—_
(=]

9 and (english or german).lg.

Institute for Quality and Efficiency in Health Care (IQWiG) -29 -



Extract of final report N20-02 Version 1.1
Self-administered HFT in advanced COPD or type 1 CRF 6 July 2021

2. MEDLINE
Search interface: Ovid
* Ovid MEDLINE(R) ALL < 1946 to August 13, 2020>

The following filters were adopted:

=  Non-RCT: Search filter with best sensitivity for controlled NRS (Ovid MEDLINE,
adapted from PubMed) [39]

# Searches

1 (high flow* adj3 (nasal* or oxygen* or humidified*)).ti,ab.

2 humidification*.ti,ab.

3 high flow .kf.

4 or/1-3

5 exp cohort studies/ or exp epidemiologic studies/ or exp clinical trial/ or exp evaluation studies as topic/
or exp statistics as topic/

6 ((control and (group* or study)) or (time and factors) or program or survey* or ci or cohort or
comparative stud* or evaluation studies or follow-up*).mp.

7 or/5-6

8 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or exp
guideline/

9 hi.fs. or case report.mp.

10 or/8-9

11 7 not 10

12 4and 11

13 12 and (english or german).lg.

3. Embase
Search interface: Ovid
=  Embase 1974 to 2020 June 29

The following filters were adopted:

= RCT: Wong [37] — Strategy minimizing difference between sensitivity and specificity

(random* or double-blind*).tw.

# Searches

1 (high flow* adj3 (nasal* or oxygen* or humidified*)).ti,ab.
2 humidification*.ti,ab.

3 high flow.kw.

4 or/1-3

5

6

placebo*.mp.
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Searches

or/5-6 [Wong — Strategy minimizing difference between sensitivity and specificity]

4 and 7

O [0 | 3| H*

8 not medline.cr.

10 9 not (exp animal/ not exp human/)

11 10 not (Conference Abstract or Conference Review or Editorial).pt.

4. The Cochrane Library
Search interface: Wiley

= Cochrane Central Register of Controlled Trials: Issue 6 of 12, June 2020

# Searches

#1 (high flow* near/3 (nasal* or oxygen* or humidified*)):ti,ab

#2 humidification*:ti,ab

#3 ("high flow"):kw

#4 #1 OR #2 OR #3 in Trials

A.2 Searches in study registries
1. ClinicalTrials.gov

Provider: U.S. National Institutes of Health
= URL: http://www.clinicaltrials.gov

= Type of search: Advanced Search

Search strategy

AREA[InterventionSearch] ( high flow AND ( nasal OR oxygen OR humidified ) OR humidification OR
humidifier )

2. International Clinical Trials Registry Platform Search Portal
Provider: World Health Organization

= URL: http://apps.who.int/trialsearch

= Type of search: Standard Search

Search strategy

high flow AND nasal OR high flow AND oxygen OR humidified OR humidification OR humidifier
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