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Abstract
Background

Acute Type 2 respiratory failure (AT2RF) is de�ned by hypercapnia (>6kPa) and these patients require
ventilatory support in a signi�cant proportion of cases. Non-invasive ventilation (NIV) is effective in
preventing escalation to invasive mechanical ventilation (IMV) but has a high failure rate. High �ow nasal
oxygen (HFNO) is a novel device that integrates humidi�ed air with oxygen at �ow rates of up to 60
L/min. Various additional bene�ts including carbon-di-oxide (CO2) clearance have been attributed to
HFNO. This systematic review aims to determine whether the use of HFNO for patients with AT2RF 1)
improves arterial CO2 (PaCO2), 2) improves other clinical and patient-centred outcomes and 3) assess
any potential harms.

Method

Searches for relevant studies will be conducted in MEDLINE, EMBASE and the Cochrane Central Register
of Controlled Trials, with no language restrictions. In addition, we will search Google Scholar and the
references of all articles for any pertinent studies not found in our initial search. With the assistance of a
professional librarian, we will develop a systematic search strategy using appropriate keywords and
MeSH terms. We will identify trials that examined the e�cacy of HFNO in adult AT2RF patients. We will
include randomised trials and observational studies that compared two or more modalities of oxygen
delivery that includes high �ow nasal oxygen as one of the modes with the comparator being low �ow
oxygen and/or non-invasive ventilation. The primary outcome is change in PaCO2 level while other
clinical and patient centred outcomes will be collected. Two reviewers will independently assess studies
for eligibility, data extraction and quality appraisal. We will conduct a meta-analysis and/or a narrative
summary as appropriate.

Discussion

HFNO is utilised extensively in clinical practice with widening indications of use. The effects of HFNO
includes CO2 clearance and PEEP bene�ts that may be bene�cial to patients with AT2RF. While current
publications indicate a bene�cial role, no systematic review has attempted to summarise the evidence for
this indication. The results of the proposed systematic review will summarise the current evidence to
guide practice, guideline development and the design of future trials.

Systematic review registration

PROSPERO CRD42019148748. (https://www.crd.york.ac.uk/prospero/)

Background
Acute respiratory failure (ARF) is related to insu�cient ventilator pump mechanism and gas exchange
(1). ARF is classi�ed as type 1, which causes hypoxemia (partial pressure of oxygen (PaO2)  <8 Kpa) or
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type 2, which causes hypercapnia (partial pressure of Carbone dioxide oxygen (PaCO2) >6 Kpa) (2).

The signi�cant number of patients presenting with ARF represent a global health burden of epidemic
proportions. In the United States of America, ARF cases increased from 502 to 784 cases per 100000
populations from 2001 to 2009. (3). ARF also accounts for nearly 116,000 United Kingdom (UK) hospital
admissions for respiratory support per year (4).

Chronic obstructive pulmonary disease (COPD) is the second-most widespread disease in UK, with
1,201,685 cases reported in 2013. The overall mortality rate was 29,776, representing 5.3% of all UK
deaths in 2012 (5). Acute exacerbations of COPD (AECOPD) account for 100,000 admissions annually in
England. Of these, around 20% will present with or develop hypercapnia, an indicator of increased risk of
death (6,7). In hospital, mortality in patients with AECOPD is still high, up to 8% that increases up to 15%
in ICU patients. The one-year mortality in these patients is up to 44% (8). Adequate treatment of acute
type 2 respiratory failure (AT2RF) is essential to prevent mechanical ventilation in these patients to
reduce mortality and the demand on critical care resources.

Treatment for AT2RF includes medical therapy such as bronchodilators, diuretics, antibiotics and
controlled oxygen therapy aimed at relieving the underlying pathological process such as �uid overload,
bronchospasm and infection. Patients will also require ventilatory support that may be non-invasive
ventilation (NIV) or invasive mechanical ventilation. Current guidelines recommend the use of NIV (2,9)
and current evidence has established the role of NIV in improving arterial oxygenation, hypercapnia and
acidosis (10). Additionally, NIV reduces respiratory muscle workload, improves alveolar ventilation,
dyspnoea and respiratory rate (10). Early NIV contributes to a reduction in invasive interventions and in-
hospital mortality in patients with AT2RF (11). However, many studies have highlighted the limitations of
NIV. The failure rate of NIV is still up to 40% with a signi�cant amount of late failure after initial success.
The factors leading to NIV failure is multi-factorial including ventilator asynchrony due to mask leak,
trigger issues, non-compliance due to claustrophobia, delirium, sputum retention, reduced communication
and skin compromise such as, skin necrosis in nasal bridge. Mask discomfort is seen in up to 50% of
patients and skin compromise is seen in up to 20% of patients. There are also relative medical
contraindications including emesis, reduced mentation and reduced access to physiotherapy manoeuvres
that limit its use (12,13).

High �ow nasal oxygen (HFNO) is a novel respiratory support that integrates humidi�ed air with high �ow
rate of up to 60 L/min. Current evidence demonstrates additional bene�ts from HFNO that include,
consistent fractional inspired oxygen (FiO2) delivery, dead space washout, reduced work of breath,
comfort and tolerability, ability to communicate, mucous clearance and NIV-like effects which make it a
more tolerable method for patients (14,15). In the last 20 years, HFNO was presented as a therapy for
neonatal care with a facemask interface (16,17). More recently, HFNO has become a modality of oxygen
administration in adult patients with type 1 respiratory failure (18). The device consists of a gas source
(air/O2), humidi�er, various sizes of circuit tubing, and nasal cannula. Flow rate and O2 concentration can
be adjusted based on the patients’ condition with �ows between 40 – 60 L/min. HFNO is not a closed
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system and hence, mouth opening could reduce PEEP effects and increase dilution of inspired oxygen
(18).

In the last 10 years, several observational studies have suggested potential bene�ts of HFNO for AT2RF
as demonstrated by improved gas exchange and acidosis. (19–21). In addition, some mechanistic
studies have investigated the physiological effects of HFNO for AT2RF with a signi�cant reduction in the
respiratory rate and work of breath (22,23). Furthermore, they found that patients were more comfortable
with HFNO than NIV. Similar bene�t is shown in RCTs with improvements in blood gases in patients with
AT2RF (24–26). In addition, some studies evaluated dyspnoea and found that HFNO reduced the work of
breath (25). Patients were more comfortable with HFNO than NIV while device noise was shown to be
bothersome (27).

Why this review is important

Adequate respiratory support through controlled oxygen, reduced work of breathing and CO2 clearance is
essential to prevent intubation and invasive ventilation. NIV despite its use has limitations and a high
failure rate. HFNO might overcome the limitations of NIV and could be used in these patients as an initial
intervention or in patients who do not tolerate NIV. Despite the increase in current literature suggesting
bene�ts from the use of HFNO in AT2RF, current evidence is limited to observational studies and
randomized trials on stable type 2 respiratory failure available (27,28) with sparse evidence in patients
with AT2RF. Furthermore, there are no clear guidelines for the use of HFNO in AT2RF. Systematic evidence
synthesis is required to address this knowledge gap and to guide future developments in this �eld.

Objectives

The primary objectives of this systematic review is to determine whether the use of HFNO for patients
with AT2RF improves PaCO2 in compare to low �ow rate oxygen and/or NIV. Secondary objectives are to
examine whether HFNO in patients with AT2RF improves other clinical or patient centred outcomes and to
assess any potential harms.

Review question

In adult patients with AT2RF, is HFNO effective in reducing PaCO2 level and other clinical, mechanistic or
patient centred outcomes?

Methods
Eligibility criteria

Study types

Controlled, uncontrolled randomized trials and cohort studies will be included in which HFNO is used as
the intervention and low �ow oxygen and/or NIV are used as comparators.
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Types of participants

The participants will be adult population, ≥18 years old, with AT2RF that have been managed by HFNO.
AT2RF will be de�ned as acute respiratory failure with PaCO2 of >6 Kpa (2). The study setting will be
limited to where the treatment is applied in an acute care setting (emergency department, respiratory ward
or critical care units). Studies where HFNO is used as a weaning modality or in peri-operative settings will
be excluded or where HFNO is used for patients with reversible conditions like, toxicity or drug overdose
will be excluded.

Types of interventions

HFNO will be de�ned as application of a �ow rate of ≥20 L/min, delivered by nasal cannula.
Interventions included will be trials involving HFNO with at least one comparator that can be low �ow
oxygen (�ow rate < 20 L/min), NIV or both.

Outcomes  

The primary outcomes for this review is the Change in PaCO2 after HFNO application (measured at time
points reported by authors).

The secondary outcomes, where available will be

Respiratory parameters including, pH, PaO2, dyspnoea score, tidal volume and minute volume
(measured at time points reported by authors).

Mucous clearance (patients’ needing mucous clearance before, during or after HFNO application).

Level of consciousness.

Patient comfort (patients’ tolerance of HFNO compared to other intervention).

Intubation rate (intubation after HFNO).

Length of stay in hospital.

Post-discharge COPD exacerbation rate.

Readmission rate secondary to AECOPD.

Search strategy

We will identify trials that examined the e�cacy of HFNO in adult acute AT2RF patients. Searches for
relevant studies will be conducted on the electronic databases MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, using no language restrictions. In addition, we will search google scholar
and references of all articles for any pertinent studies that were not found in our initial search. With the
assistance of a professional librarian, we developed a systematic search strategy using appropriate
keywords and MeSH term (see Additional �le 1). Medline search strategy will form the basis for the other
databases search.
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Data collection and analysis

Selection of studies

A systematic review software (Covidence) will be used to store citations and removing duplicates (29).
Study screening will undergo different stages by two reviewers independently. First, title and abstract
review will be conducted and the studies which does not meet the inclusion criteria will be removed. Any
disagreement will be resolved by discussion and referred to a third reviewer. Second, potentially eligible
studies will undergo full text review to con�rm inclusion. Any disagreement will be resolved through
discussion with a third reviewer.  

Data extraction

Two reviewers using a bespoke data extraction form will extract data independently (additional �le 2).
From eligible studies, information will be extracted on the type and setting of the study, recruitment
information, participant characteristics (including age and underlying conditions), inclusion criteria,
nature of the intervention(s) in each group (e.g. �ow rate and method of delivery), time-points of
measurements and outcomes as described above. Any disagreements will be resolved through
discussion within the review team. If any of the required data are not available or insu�cient from the
study publications, they will be requested from the authors of the trial.

Assessment of risk of bias

For included studies, two reviewers will independently assess risk of bias using the Cochrane Risk of Bias
tool for randomized trials and Newcastle-Ottawa scale for cohort studies (see Additional �le 2) (30,31).
Risk of bias for randomized trials will be assessed for the following domains:

1. Random sequence generation.

2. Allocation concealment.

3. Blinding of participants and personnel.

4. Blinding of outcome assessment.

5. Incomplete outcome data.

�. Selective outcome reporting.

7. Other biases.

Risk of bias for cohort studies will be assessed for the following domains:

Each potential source of bias will be marked as high, low or unclear with justi�cation. We will construct a
‘Risk of bias’ table in RevMan 5.3 to present the results (32). We will use the assessment of risk of bias to
perform sensitivity analyses based on methodological quality, as necessary. To avoid bias within this
systematic review, the review will be conducted using this protocol and any variations will be recorded in
a speci�c section of the �nal published review.
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Measure of effect

For binary variables, data will be calculated as odds ratios (ORs) with 95% con�dence intervals (CIs).
Data for continuous variables will be calculated as mean differences (MDs or as standardised mean
differences (SMDs) with 95% CIs. Where the trial outcomes are su�ciently similar, meta-analysis will be
performed and statistical heterogeneity examined between these similar trials. Heterogeneity will be
evaluated using the I2 statistic, with a value of >50% possibly implying substantial heterogeneity (31).
The pooled estimate will be calculated using the �xed effects model unless there is signi�cant
heterogeneity when a random effects model will be used. The outcomes will be presented in forest plot
�gures. We will undertake two comparisons: trials that compare HFNO versus; low �ow rate oxygen and
trials that compare HFNO versus NIV. Trials with NIV comparators will be analysed separately due to the
established e�cacy of NIV in reducing PCO2. When data cannot be meta-analysed, we will present a
narrative synthesis and present data in tables.

Unit of analysis

The unit of analysis will be the patient/participant. We anticipate that all trials will have a parallel group
design and thus no adjustment will be necessary for crossover or clustering.

Subgroup analysis and sensitivity analysis

If su�cient studies are available, we will undertake subgroup analyses for all outcomes against speci�c
patient conditions such as COPD, neuromuscular disorders, interstitial lung disease.  We will perform a
sensitivity analysis to investigate the effect on the primary outcome of excluding trials with high risk of
bias.

Summary of �nding tables

We will assess the quality of the evidence associated with HFNO for AT2RF  by using the principles of the
GRADE system (31,33). Evidence we be will assessed for methodological quality, directness of evidence,
data heterogeneity, precision of effect estimates, and risk of publication bias. We will present the �ndings
using a ’Summary of �ndings’ (SoF) table constructed in RevMan 5.3 (34).

Standards

Reporting will conform to systematic review and meta-analysis PRISMA checklist preferred reporting
items (see Additional �le 3) (35). This systematic review has been registered with PROSPERO, an
international prospective register of systematic reviews (https://www.crd.york.ac.uk/prospero/).

Discussion
Despite the increase in studies that suggest bene�ts from the use of HFNO in AT2RF, including a
reduction of PaCO2, increased comfort and improved respiratory parameters, no systematic review to
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date has attempted to summarise the evidence for the use of HFNO for this indication. Furthermore, there
are no clear guidelines for the use of HFNO in AT2RF. Systematic evidence synthesis is required to
address this knowledge gap. To the best of our knowledge, no review has investigated the bene�ts of
HFNO for acute T2RF. It is expected that the review of current evidence will inform practice and future
trials.
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