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Abstract

Background: This systematic review and meta-analysis summarizes the safety and efficacy of high flow nasal can-
nula (HFNC) in patients with acute hypoxemic respiratory failure.

Methods: We performed a comprehensive search of MEDLINE, EMBASE, and Web of Science. We identified rand-
omized controlled trials that compared HFNC to conventional oxygen therapy. We pooled data and report summary
estimates of effect using relative risk for dichotomous outcomes and mean difference or standardized mean differ-
ence for continuous outcomes, with 95% confidence intervals. We assessed risk of bias of included studies using the
Cochrane tool and certainty in pooled effect estimates using GRADE methods.

Results: We included 9 RCTs (n= 2093 patients). We found no difference in mortality in patients treated with HFNC
(relative risk [RR] 0.94, 95% confidence interval [Cl] 0.67-1.31, moderate certainty) compared to conventional oxygen
therapy. We found a decreased risk of requiring intubation (RR 0.85, 95% Cl 0.74-0.99) or escalation of oxygen therapy
(defined as crossover to HFNC in the control group, or initiation of non-invasive ventilation or invasive mechanical
ventilation in either group) favouring HFNC-treated patients (RR 0.71, 95% Cl 0.51-0.98), although certainty in both
outcomes was low due to imprecision and issues related to risk of bias. HFNC had no effect on intensive care unit
length of stay (mean difference [MD] 1.38 days more, 95% CI 0.90 days fewer to 3.66 days more, low certainty), hospi-
tal length of stay (MD 0.85 days fewer, 95% Cl 2.07 days fewer to 0.37 days more, moderate certainty), patient reported
comfort (SMD 0.12 lower, 95% Cl 0.61 lower to 0.37 higher, very low certainty) or patient reported dyspnea (standard-
ized mean difference [SMD] 0.16 lower, 95% CI 1.10 lower to 1.42 higher, low certainty). Complications of treatment
were variably reported amongst included studies, but little harm was associated with HFNC use.

Conclusion: In patients with acute hypoxemic respiratory failure, HFNC may decrease the need for tracheal intuba-
tion without impacting mortality.
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Introduction

Acute hypoxemic respiratory failure can result from a
myriad of acute etiologies such as pneumonia or the
acute respiratory distress syndrome or from exacerba-
tion of underlying heart or lung disease. Patients present-
ing with hypoxia are treated with high concentrations of
inhaled oxygen. This therapy may be delivered conven-
tionally using a number of different interfaces including
nasal prongs, facemask with reservoir or Venturi mask.
For those with severe hypoxia, escalation of treatment to
invasive positive pressure ventilation may be necessary.

Given the risks associated with intubation and the use
of invasive ventilation, a number of studies have inves-
tigated the role of non-invasive ventilation (NIV) in
patients with acute respiratory failure [1-4]. Although
NIV use in this setting may decrease the need for intu-
bation as compared to conventional oxygen therapy,
certainty in these conclusions is limited by impreci-
sion [5, 6]. NIV use is also associated with development
of complications including increased risk of aspiration,
facial skin breakdown, an inability to control respira-
tory drive leading to excessively high tidal volumes and
patient discomfort related to inability to communicate
and eat during therapy [7]. Due to these limitations, the
2017 European Respiratory Society/American Thoracic
Society NIV clinical practice guideline made no recom-
mendation regarding the use of NIV for acute de novo
respiratory failure [8].

High flow nasal cannula (HFNC) is a non-invasive,
high concentration oxygen delivery interface that cir-
cumvents some of the limitations of conventional NIV.
Although historically used in neonates, HFNC use has
been increasing over the last number of years in critically
ill adults. The single inspiratory limb of HENC allows
for airflows as high as 50—60 litres/minute to achieve
inspired oxygen fractions (FiO2) as high as 95-100%.
Higher flows allow clinicians to better match the inspira-
tory demands of patients who are in acute hypoxemic res-
piratory failure. As application of HFNC in adult ICUs is
relatively recent, the evidence supporting its use remains
limited and is composed of predominantly observational
studies [9]. Previous systematic reviews have identi-
fied only a small number of randomized controlled tri-
als (RCTs) examining the role of HFNC in the setting of
acute hypoxemic respiratory failure, and the total num-
ber of participants is under 1000 across all available stud-
ies [9-13]. Previous systematic reviews were also limited
by imprecision (given the small numbers), combining of
observational and RCT data [9], and pooling across het-
erogeneous patient populations (including patients with
acute respiratory failure and those in the postoperative
setting or post-extubation) [9, 12, 13].

Take-home message

This meta-analysis of RCT data suggests in patients with acute
hypoxemic respiratory failure, HENC may decrease the need for
intubation without impacting mortality.

The recently published HIGH study randomized 776
immuno-compromised critically ill adults with acute
hypoxemic respiratory failure to either HFNC or con-
ventional oxygen therapy [14]. This study almost doubles
the data available for examining the role of HENC in this
setting. We sought to perform a systematic review and
meta-analysis, including recent data, examining the role
of HFNC in critically ill adults with hypoxemic respira-
tory failure.

Methods

The protocol for this systematic review was registered on
PROSPERO (CRD42018114132). This systematic review
and meta-analysis was performed to support a planned
clinical practice guideline addressing the role of HFNC
in patients with acute hypoxemic respiratory failure. The
manuscript and study have been endorsed by the Euro-
pean Society of Intensive Care Medicine (ESICM).

Data sources and searches

We performed a comprehensive search of MEDLINE,
EMBASE, and Web of Science for randomized con-
trolled trials published from January 1st 2007 through
October 25, 2018. HENC was not widely used in adults
prior to 2007. We searched for studies that referred to
adults treated with HFNC using the key words “humans”
together with “adult’, “mature” or “grown” and key words
“high flow nasal cannula’} “high flow nasal therapy’, “high
flow nasal oxygen’, “high flow oxygen therapy’, “high flow
therapy’, “optiflow (respiration)” or “nasal highflow”. We
did not apply any language or quality restrictions.

Study selection

We screened all citations in duplicate with disagreements
resolved by discussion and third party adjudication, as
required. Reviewers (DW, DG) worked in pairs to screen
all potentially relevant citations and references in two
stages, initially assessing titles and abstracts, and then full
manuscripts for those that were possibly eligible. We cap-
tured reasons for exclusion at the full manuscript review
stage.

We included all RCTs comparing the use of HFNC with
conventional oxygen therapy in critically ill patients with
acute hypoxemic respiratory failure of any cause. We
excluded case reports, case series, observational stud-
ies and studies that used NIV or invasive mechanical
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ventilation as the only comparator. We excluded stud-
ies that investigated the role of HFNC before tracheal
intubation or for post-extubation respiratory support.
Although we had initially intended to capture stud-
ies that used NIV as the only comparator to HENC, we
subsequently decided to exclude these studies in order
to limit clinical heterogeneity. We included the follow-
ing outcomes: mortality (if multiple time points reported,
we used longest available), need for intubation, ICU and
hospital lengths of stay, treatment failure (defined as
crossover to HFNC in the control group, or initiation of
non-invasive ventilation or invasive mechanical venti-
lation in either group), patient comfort (as reported by
the individual study authors), dyspnea, and complica-
tions of therapy. If multiple time points for comfort or
dyspnea were reported, we used the first recorded after
randomization.

Data extraction and quality assessment

Two reviewers (DG, DW) performed data extraction
independently and in duplicate using predefined data
abstraction forms. A third reviewer (BR) resolved disa-
greements. Abstracted data included study characteris-
tics, demographic data, intervention and control details,
outcome data, and individual study risk of bias. For the
purposes of this review, escalation of therapy was defined
as an increase in oxygen support therapy, either to HFNC
(if in the control group), NIV or invasive mechanical
ventilation.

We assessed Risk of Bias (RoB) independently and in
duplicate, for each outcome of individual studies using
a modified Cochrane RoB tool [15] that classifies RoB as
“low’, “probably low”, “probably high’, or “high” for each
of the following domains: sequence generation, alloca-
tion sequence concealment, blinding, selective outcome
reporting and other bias. We rated the overall RoB as the
highest risk attributed to any criterion. We assessed the
overall certainty of evidence for each outcome using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework [16]. Disagreements
regarding RoB and GRADE assessments were resolved by
discussion.

Data analysis

We used DerSimonian and Laird random effects mod-
els to conduct the meta-analyses. All analyses were
performed in RevMan 5.3 (Cochrane Collaboration,
Oxford) software. Study weights were generated using
the inverse variance method. We present results as rela-
tive risks (RRs) for dichotomous outcomes and as mean
differences (MDs) for continuous outcomes, both with
95% confidence intervals (CIs). For continuous outcomes,
we assumed a normal distribution (i.e. median =mean)

and converted inter-quartile ranges to standard deviation
using methods suggested by the Cochrane Collaboration
[17]. Where continuous outcomes were reported graphi-
cally only, we used an online plot digitlizer to provide
numeric estimates for analyses (plotdigitizer.sourceforge.
net).

We assessed for heterogeneity between studies using
the y* test for homogeneity, the * statistic [18], and visual
inspection of the forest plots. We considered the mag-
nitude and direction of heterogeneity when consider-
ing whether to rate down our certainty in the evidence
for inconsistency. We considered a number of a priori
subgroup analyses: hypoxemic and hypercarbic respira-
tory failure versus hypoxemic respiratory failure alone,
hypothesizing that HFNC would be more beneficial in
hypoxemic respiratory failure alone; pulmonary edema
versus other causes of respiratory failure, hypothesiz-
ing that HENC would be more beneficial in pulmonary
edema; immunocompromised versus other populations
with respiratory failure, hypothesizing that HFNC would
be more beneficial in the immunocompromised; severe
hypoxia (PaO2:FiO2 ratio <150) versus mild-moderate
hypoxia (PaO2:FiO2 ratio>150), hypothesizing that
HEFNC would be more beneficial in those with mild-mod-
erate hypoxia; those with bilateral pulmonary infiltrates
versus those without bilateral pulmonary infiltrates,
hypothesizing that HFNC would be more beneficial in
those without bilateral infiltrates; and high risk of bias
studies versus low risk of bias studies, hypothesizing that
HENC would be more beneficial in high risk of bias stud-
ies. However, due to a low number of included trials, low
number of events and overall lack of sufficient data, we
did not perform this analysis as any results would be too
susceptible to imprecision and meaningful conclusions
would not be possible. The only subgroup analysis that
was possible was one comparing high risk of bias ver-
sus low risk of bias studies. We also performed one post
hoc subgroup analysis comparing patients admitted to
the emergency department versus those admitted to the
intensive care unit with acute hypoxemic respiratory fail-
ure, hypothesizing that HENC would be more beneficial
in those admitted to the emergency department. At the
request of peer reviewers, we performed two post hoc
sensitivity analyses, one excluding a trial of emergency
department patients who were thought to be less hypox-
emic [19], and one with a short followup end-point [20].

We conducted trial sequential analysis (TSA) [21]
using a random effects model for the mortality and the
invasive mechanical ventilation outcomes. For the TSA,
we used a statistical significance level of 5%, a power
of 80%, and a relative risk reduction of 15%. We used a
model variance based heterogeneity correction. TSA was
performed using Trial Sequential Analysis v.0.9.5.10 beta
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(Copenhagen Trial Unit, Centre for Clinical Intervention
Research, Rigshospitalet, Copenhagen, Denmark, www.
ctu.dk/tsa).

Results

Search results and study characteristics

Of the 446 citations identified in our search, we retrieved
169 full texts and included 9 RCTs that proved eligible
[19, 20, 22-28] (Fig. 1). Supplementary Table 1 presents
the details of the eligible trials. The trials randomized
between 14 and 776 patients, and one of them used a
crossover design [28]. Five trials were performed in the
ICU setting [20, 22, 24, 26, 28], while four trials were
conducted in the emergency department [19, 23, 25, 27].
One trial included only patients with cardiogenic pulmo-
nary edema [19], while two trials included only patients
with an immunocompromised state [14, 20]. Criteria for
hypoxemia varied amongst the included trials, with some
using SpO2 cutoffs (most commonly <90-95%) [19, 20,
22, 23, 25, 27], PaO2 cutoffs (<55-60 mmHg) [22, 28],
PF ratio (<300) cutoffs [24] or some using a combina-
tion of these parameters in addition to an elevated res-
piratory rate (most commonly >22-25/min) [19, 23-27].
All included studies initiated flows at 35 litres/minute
or over in the HENC group. One of the included trials
included a third arm that received NIV, however data

from this intervention were not included in the analysis
[24].

Table 1 presents individual study risk of bias. None of
the included trials were blinded. Other than this domain,
five of the studies were at low or probably low risk of bias
[19, 22, 24, 26, 28] while three trials had incomplete data
[23, 25, 27], and one trial had selective reporting [20].

Outcomes
Table 2 shows the summary of findings for all outcomes
including the certainty of evidence and reasons for rat-
ing down the evidence. Although HENC had no effect
on mortality (relative risk [RR] 0.94, 95% CI 0.67-1.31,
1.6% absolute risk reduction, 95% CI 8.4% reduction to
9.0% increase, moderate certainty) compared to con-
ventional oxygen therapy (Fig. 2), HENC therapy may
reduce the need for invasive mechanical ventilation as
compared to conventional oxygen therapy (RR 0.85,
95% CI 0.74—0.99, 4.4% absolute risk reduction, 95%
CI 0.3% reduction to 7.6% reduction, low certainty)
with an NNT of 23 (95% CI 13-333) (Fig. 3). The TSA
showed the required information size was not met for
either of these outcomes (Supplementary Fig. 1 and 2).
There was no credible subgroup effect on this outcome
based on individual study risk of bias (Fig. 3).

Similarly, HENC may reduce the need for escalation
of therapy (RR 0.71, 95% CI 0.51-0.98, 9.3% absolute

Search "high flow nasal cannul*” etc’ as in text AND (adult OR mature OR Grown)

Filters: Publication date from 2007/01/01 to 2018/10/25; Humans; English; Spanish

PubMed Web of Science Embase
n=155 n=128 n=163
Total

=446

Exclusion of duplicates

Titles and Abstract Screening

Full text Review
-Not adult hypoxic (n=85)

-Not RCT (n=69)

-Did not report outcome
of interest (n=6)

Fig. 1 PRISMA flow—study inclusion
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Table 1 Individual study risk of bias

Azoulay et al. [14] Low Low High
Bell et al. [23] Low Low High
Doshi [29] Low Low High
Frat et al. [24] Low Low High
Jones et al. [25] Low Low High
Lemiale et al. [20] Probably low  Low High
Makdee et al. [19] Probably low  Low High
Parke et al. [26] Low Low High
Rittayamalet al. [27] Probably low  Low High
Schwabbauer et al. [28] Probably low  Probably low High

Low Low Low Low
High Low Low High
Low Low Low Low
Low Low Low Low
High Low Low High
Low Probably high Low High
Low Low Probably low Low
Probably low Probably low Low Low
High Probably low Low High
Probably low Probably low Low Low

risk reduction, 95% CI 0.6% reduction to 15.7% reduc-
tion, low certainty) (Fig. 4). The number needed to treat
(NNT) for this outcome is 11 (95% CI 6-167). There
was no credible subgroup effect on this outcome based
on individual study risk of bias (Fig. 4) or admission
location (emergency department or ICU) (Supplemen-
tary Fig. 3). Sensitivity analysis excluding one RCT of
emergency department patients who were less hypox-
emic, and another excluding an RCT with a short dura-
tion of follow-up did not change the overall pooled
estimates for any of these outcomes (Supplemental
Fig. 4, 5, 6).

Compared to conventional oxygen therapy, HENC
use had no effect on ICU length of stay (mean differ-
ence [MD] 1.38 days more, 95% CI 0.90 days less to
3.66 days more, low certainty) or hospital length of stay
(MD 0.84 days less, 95% CI 2.04 days less to 0.36 days
more, moderate certainty) (Supplementary Fig. 7 and
8). Patient reported dyspnea (standardized mean dif-
ference [SMD] 0.16 lower, 95% CI 1.10 lower to 1.42
higher, low certainty) and comfort (SMD 0.12 lower,
95% CI 0.61 lower to 0.37 higher, very low certainty)
were similar between those receiving HFNC as com-
pared to conventional oxygen therapy (Supplementary
Fig. 9 and 10). No other subgroup analysis was possible
due to a small number of included studies.

Complications were variably reported across the
included studies and this precluded our ability to conduct
pooled analysis. Qualitative assessment does not suggest
an increased risk of complications in patients receiving
HENC versus conventional oxygen therapy (Table 3).

Discussion

Although our systematic review and meta-analysis did
not demonstrate a survival benefit compared with con-
ventional oxygen therapy, HFNC use in patients with

acute hypoxemic respiratory failure may decrease the
need for tracheal intubation. HFNC had no impact
on comfort, dyspnea or ICU/hospital length of stay.
In general, dyspnea and comfort are challenging out-
comes to assess in critically ill patients. The certainty
of evidence for most outcomes was low or moderate,
and limited primarily by imprecision and risk of bias
of included studies. It remains unclear whether there
are certain critically ill patients that may benefit from
HEFNC more than others. Subgroup analysis based on
specific patient characteristics was planned, however,
it was not possible due to the small number of stud-
ies that reported separate outcome data from these
subgroups.

Strengths of this review include a comprehensive lit-
erature search, adherence to our pre-registered protocol,
focus on only patients with acute hypoxemic respiratory
failure, application of GRADE methodology to assess
certainty in pooled estimates of effect, and inclusion of
a large, recent trial [14] that contributed over half of the
patients to this pooled analysis. Limitations include lack
of sufficient data to explore relevant subgroup effects,
inclusion of only unblinded trials, and outcome data
affected by imprecision for most outcomes. Although
there was clinical heterogeneity in terms of the types of
patients included between studies and authors’ defini-
tions of hypoxemia, most outcomes did not demonstrate
statistical heterogeneity (i.e. inconsistency). One trial
contributed approximately one-third of the data, and this
may affect generalizability of results. Also, we were una-
ble to meta-analyze data pertaining to complications due
to variations in reporting.

The 4.4% absolute decrease in intubation in those
receiving HFENC is important (number needed to treat
of 23). This outcome is patient important and the results
are consistent with the outcome of escalation of therapy
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HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azoulay 2018 138 388 140 388 51.8% 0.99(0.82,1.19) 3
Frat 2015 13 106 22 94 19.3% 0.52 [0.28, 0.98]) —
Jones 2016 35 165 24 138 27.8% 1.22 (0.76, 1.95]) e
Makdee 2017 1 63 0 65 1.1% 3.09 [0.13, 74.55]
Total (95% CI) 722 685 100.0% 0.94 [0.67, 1.31]
Total events 187 186

Heterogeneity: Tau®? = 0.05; Chi* = 5.17, df = 3 (P = 0.16); I’ = 42% }

- 0.01 0.1 1 10 100
Test for overall effect: Z = 0.38 (P = 0.70) Favours [HFNC] Favours [Standard 02)
Fig. 2 Mortality forest plot
HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 Low or Probably Low ROB
Azoulay, 2018 150 388 170 388 74.8%  0.88(0.75, 1.04)
Frat, 2015 40 106 44 94 20.0% 0.81([0.58, 1.12] -
Makdee, 2017 1 63 0 65 0.2% 3.09 [0.13, 74.55]
Subtotal (95% CI) 557 547 95.0% 0.87 [0.75, 1.01] 9|
Total events 191 214
Heterogeneity: Tau? = 0.00; Chi* = 0.85, df = 2 (P = 0.65); I’ = 0%
Test for overall effect: Z = 1.85 (P = 0.06)
1.1.2 High or Probably High ROB
Bell, 2015 0 48 1 52 0.2%  0.36 (0.02, 8.64]
Jones, 2016 9 165 16 138 3.4%  0.47[0.21, 1.03] —
Lemiale, 2015 5 52 4 48 1.3% 1.15 [0.33, 4.05] e L —
Rittayamai, 2015 0 20 0 20 Not estimable
Subtotal (95% CI) 285 258 5.0% 0.59 [0.31, 1.14] il
Total events 14 21
Heterogeneity: Tau® = 0.00; Chi* = 1.51, df = 2 (P = 0.47); I = 0%
Test for overall effect: Z = 1.58 (P = 0.12)
Total (95% CI) 842 805 100.0% 0.85 [0.74, 0.99] 2
Total events 205 235
Heterogeneity: Tau? = 0.00; Chi* = 3.61, df = 5 (P = 0.61); I = 0% t + t t
K 0.01 0.1 10 100
Test for overall effect: Z = 2.16 (P2= 0.03) , Favours [HFT] Favours [standard 02]
Test for subgroup differences: Chi* = 1.26, df = 1 (P = 0.26), I’ = 20.5%
Fig. 3 Need for invasive mechanical ventilation
HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.5.1 Low or Probably Low ROB
Azoulay 2018 150 388 170 388 36.0% 0.88 [0.75, 1.04] —&
Frat 2015 45 106 51 94 30.4% 0.78 [0.59, 1.04] —T
Makdee 2017 2 63 3 65 3.2% 0.69 [0.12, 3.98])
Parke 2011 29 12 27 6.8% 0.23 [0.07, 0.74])
Subtotal (95% CI) 586 574 76.4%  0.78 [0.59, 1.03] -
Total events 200 236
Heterogeneity: Tau® = 0.03; Chi* = 5.38, df = 3 (P = 0.15); I = 44%
Test for overall effect: Z = 1.75 (P = 0.08)
1.5.2 High or Probably High ROB
Bell 2015 2 48 10 52 4.5% 0.22 [0.05, 0.94])
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Fig. 4 Escalation of therapy forest plot
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Table 3 Complications from included studies

I

Thoracic and cervical discomfort 2
Feeling Hot

~
— o

Apnea 0
Drop in GCS of 2 or more points 1
Fall in GCS due to CO2 Retention 0

‘ O\

Unpleasant smell 1
Temperature too warm 1
Chest discomfort 1

‘

Cardiac dysrhythmia 1 16
Septic shock 19 26
Cardio-respiratory arrest 5
Nosocomial Pneumonia 4

‘

ICU-acquired infection 39 41

GCS Glasgow coma scale, HFNC high flow nasal cannula

Makdee et al. [19] included aspiration and nasal ulceration but no events
occurred in either group

Jones et al. [25] included pneumothorax, subcutaneous emphysema and nasal
pressure sore, but no events occurred in either group

Bell et al. [23] reported that no adverse events occurred in either group

(a composite of different escalation modalities including
escalation to HFNC in the conventional oxygen therapy
arm). One potential mechanism of benefit with HFNC
in this population is the decreased risk of patient self-
inflicted lung injury achieved through more adequately
matching the patient’s respiratory flow demands [30]. The
effect of HENC on preventing need for intubation is con-
sistent across the included RCTs with minimal statistical
heterogeneity. There is more statistical heterogeneity in
the mortality outcome data, and although this could be
due to important differences in patient populations or
the intervention delivered, there were also fewer events
for this outcome, increasing the possibility that this could
be explained by chance alone. One of the largest predic-
tors of HENC effect, flow rates, was variably used and
reported in the included trials, which may have contrib-
uted to the lack of effect seen in some outcomes [31].
Given that HENC is less invasive, it has been hypoth-
esized that the risk for nosocomial complications, such
as pneumonia, clot and delirium, is also lower in HENC
as compared to NIV or invasive mechanical ventilation.
Finally, the costs and resources associated with HFNC
use are hypothesized to be lower than those associated
with more invasive forms of oxygen therapy, although
comprehensive cost-effectiveness data are lacking. This

being said, there are important caveats to consider.
Patients requiring HENC for acute hypoxemic respira-
tory failure are at high risk of requiring intubation, and
although HENC is less invasive, it may be falsely reas-
suring for clinicians. We suggest that patients on HFNC
should be monitored closely by appropriately trained
clinicians. For patients who fail to improve with HFNC
therapy, intubation should be strongly considered.

Although previous meta-analyses have been published
examining outcomes with HENC compared with others
forms of oxygen therapy, [9, 12, 13], this is the first since
the publication of the HIGH trial [22]. Of the previous
reviews, one included 5 RCTs and did not find any effect
on escalation of therapy (defined as escalation to HENC
[in the control group], NIV or invasive mechanical ven-
tilation) [12]. Two other reviews demonstrated less need
for escalation with HENC, but included studies of HFNC
used in all types of settings including post-extubation
and post-operatively [9, 13]. As such, our review, includ-
ing the most recent study data, is the first to demonstrate
improvements with HENC strictly in patients presenting
with acute hypoxemic respiratory failure.

Complications with HFNC are possible, however,
they are usually self-limited and do not require discon-
tinuing therapy. Meta-analysis of complication data was
not possible as part of this review due to heterogeneous
reporting, but rates of major complications were simi-
lar in individual RCTs between those receiving HFNC
and usual care. Patients treated with HFNC are at risk of
fatiguing and therefore its use should be considered a dis-
crete trial with a plan to escalate if they are not improv-
ing after a few hours.

Conclusions

Including the most recent published evidence, we have
demonstrated that although HFNC does not decrease
mortality in those with acute hypoxemic respiratory fail-
ure, it may decrease the need for intubation. Our best
estimate is a 4.4% absolute reduction in the need for intu-
bation (NN'T =23). Point estimates suggest no effect on
patient-reported dyspnea or comfort. Harms with HFNC
are likely minimal, at least compared to other more inva-
sive oxygen delivery modalities. Future research should
focus on which subgroups of patients with acute hypox-
emic respiratory failure are most likely to benefit from
HENC.

Electronic supplementary material
The online version of this article (https://doi.org/10.1007/s00134-019-05590-5)
contains supplementary material, which is available to authorized users.

Author details
! Michael G. De Groote School of Medicine, McMaster University, Hamilton,
ON, Canada. ? Department of Health Research Methods, Evidence and Impact,


https://doi.org/10.1007/s00134-019-05590-5

571

McMaster University, Hamilton, ON, Canada. > Schulich School of Medicine,
Western University, London, ON, Canada. * General Intensive Care Unit, Shaare
Zedek Medical Center, Jerusalem, Israel. > Faculty of Medicine, Hebrew Uni-
versity, Jerusalem, Israel. ® CHU de Poitiers, Médecine Intensive Réanimation,
Poitiers, France. ” INSERM, CIC-1402, équipe ALIVE, Poitiers, France. ® Faculté
de Médecine et de Pharmacie de Poitiers, Université de Poitiers, Poitiers,
France. ? Hopitaux Universitaires Henri Mondor, Créteil, France. '© Université
Paris, Créteil, France. ' Department of Medicine, Division of Respirology,
University Health Network, Toronto, ON, Canada. '? Hépital Saint-Louis, Paris,
France. ' Center of Epidemiology and Biostatistics, Paris Diderot Sorbonne
University, Paris, France. '* Département de Médecine Intensive-Réanimation,
CHU d'Angers, Université d’Angers, Angers, France. '° Service de Pneumologie
et Réanimation Médicale du Département R3S, AP-HP, Groupe Hospitalier
Pitié-Salpétriere Charles Foix, Paris, France. ' Neurophysiologie Respiratoire
Expérimentale et Clinique, Sorbonne Université, INSERM, UMRS1158, Paris,
France. ! Universita degli Studi di Milano, Dipartimento di Fisopatologia
Medico-Chirurgica e dei Trapianti, Milan, Italy. '® Department of Anesthesia,
Critical Care and Emergency, Fondazione IRCCS Ca’Granda Ospedale Maggiore
Policlinico, University of Milan, Milan, Italy. 19 Division of Pulmonary, Critical
Care and Sleep Medicine, Beth Israel Deaconess Medical Center and Harvard
Medical School, Boston, MA, USA. %° Servei de Medicina Intensiva, Hospital
Universitari Sant Pau, Barcelona, Spain. 2! Interdepartmental Division of Critical
Care Medicine, University of Toronto, Toronto, ON, Canada. ?> Department

of Medicine, Division of Critical Care, Juravinski Hospital, 711 Concession St,
Hamilton, ON L8V 1C3, Canada.

Acknowledgements
The authors would like to thank Dr. Iris Arad for her help with the search
strategy and running the search.

Conflict of Interest

Dr. Einav has received funding for travel, given lectures, owns patents with
and/or performed consultancy work for Zoll, Medtronic and Diasorin, has
participated in multicentre trials run by Artisanpharma, Eisai and Astra Zeneca.
Dr. Frat reports grants from the French Ministry of Health; grants, personal
fees and non- financial support from Fisher & Paykel HeathCare; personal fees
and non-financial support from SOS oxygene, outside the submitted work.
Dr. Azoulay reports that Fisher & Payckle provided the optiflow device for

the HIGH trial (to all the centers). They also provided support to my research
group to organize research meetings. He also provides lectures for Alexion
Baxter MSD Pfizer and Ablynx. Dr. Mercat receives fees for serving on a steer-
ing committee from Faron Pharmaceuticals, consulting fees from Air Liquide
Medical Systems, grant support and lecture fees from Fisher and Paykel and
Covidien, and lecture fees from Pfizer, ResMed, and Drager. Dr. Demoule
reports personal fees from Medtronic, grants, personal fees and non-financial
support from Philips, personal fees from Baxter, personal fees from Hamilton,
grants and personal fees from Fisher & Paykel, grants from French Ministry of
Health, personal fees from Getinge, personal fees from Respinor, outside the
submitted work. Dr. Lemiale reports grants from the French Ministry of Health.
The research group (GRRR-OH) she belongs to received financial support from
Fisher & Paykel HeathCare; Pfizer, Gilead, Astellas And Alexion, outside this
submitted work. Prof. Antonio Pesenti received consulting honorarium from
Xenion, Maquet and Baxter outside the present work. He is also an inventor of
patented devices for respiratory support and extracorporeal carbon dioxide
removal. Dr. Mauri received speaking fees from Fisher and Paykel unrelated to
the present work. Dr. Mancebo reports receiving personal fees from Faron and
Medtronic. Fisher Paykel and A-Lung provided medical equipment for multi-
center trials (high flow nasal oxygen therapy and extracorporeal CO2 removal
respectively). IMT Medical provided travel and hotel expenses to attend a
meeting. Dr. Brochard's laboratory has received equipment and/or research
grants from Fisher Paykel (high-flow), Medtronic Covidien (PAV+), Air Liquide
(Helium, CPR), Philips (sleep), Sentec (tcPCO2), General Electric (ultrasound)
and consulting from Baxter. Dr. Burns received a grant from Fisher & Paykel to
conduct an observational study.

Ethical approval
An approval by an ethics committee was not applicable

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 17 December 2018 Accepted: 28 February 2019
Published online: 19 March 2019

References

1. Antonelli M, Conti G, Rocco M et al (1998) A comparison of nonin-
vasive positive-pressure ventilation and conventional mechanical
ventilation in patients with acute respiratory failure. New Engl J Med
339(7):429-435

2. Carrillo A, Gonzalez-Diaz G, Ferrer M et al (2012) Non-invasive ventila-
tion in community-acquired pneumonia and severe acute respiratory
failure. Intensive Care Med 38(3):458-466

3. Delclaux C, U'Her E, Alberti C et al (2000) Treatment of acute hypoxemic
nonhypercapnic respiratory insufficiency with continuous positive
airway pressure delivered by a face mask: a randomized controlled trial.
JAMA 284(18):2352-2360

4. Hilbert G, Gruson D, Vargas F et al (2000) Noninvasive continuous
positive airway pressure in neutropenic patients with acute respira-
tory failure requiring intensive care unit admission. Crit Care Med
28(9):3185-3190

5. ZhangY, Fang C, Dong BR et al (2012) Oxygen therapy for pneumonia
in adults. Cochrane Database Syst Rev 3:CD006607

6. Xu XP, Zhang XC, Hu SL et al (2017) Noninvasive ventilation in acute
hypoxemic nonhypercapnic respiratory failure: a systematic review and
meta-analysis. Crit Care Med 45(7).e727-e733

7. Bello G, De Pascale G, Antonelli M (2016) Noninvasive ventilation. Clin
Chest Med 37(4):711-721

8. Rochwerg B, Brochard L, Elliott MW et al (2017) Official ERS/ATS clini-
cal practice guidelines: noninvasive ventilation for acute respiratory
failure. Eur Respir J 50(2):1602426

9. NiYN, Luo J,YuH etal (2017) Can high-flow nasal cannula reduce the
rate of endotracheal intubation in adult patients with acute respiratory
failure compared with conventional oxygen therapy and noninvasive
positive pressure ventilation? A systematic review and meta-analysis.
Chest 151(4):764-775

10. Huang HW, Sun XM, Shi ZH et al (2018) Effect of high-flow nasal
cannula oxygen therapy versus conventional oxygen therapy and non-
invasive ventilation on reintubation rate in adult patients after extuba-
tion: a systematic review and meta-analysis of randomized controlled
trials. J Intensive Care Med 33(11):609-623

11. Lee CC, Mankodi D, Shaharyar S et al (2016) High flow nasal cannula
versus conventional oxygen therapy and non-invasive ventilation in
adults with acute hypoxemic respiratory failure: a systematic review.
Respir Med 121:100-108

12. Maitra S, Som A, Bhattacharjee S et al (2016) Comparison of high-flow
nasal oxygen therapy with conventional oxygen therapy and nonin-
vasive ventilation in adult patients with acute hypoxemic respiratory
failure: a meta-analysis and systematic review. J Crit Care 35:138-144

13. Zhao H, Wang H, Sun F et al (2017) High-flow nasal cannula oxygen
therapy is superior to conventional oxygen therapy but not to nonin-
vasive mechanical ventilation on intubation rate: a systematic review
and meta-analysis. Crit Care (Lond, Engl) 21(1):184

14. Azoulay E, Lemiale V, Mokart D et al (2018) Effect of high-flow nasal
oxygen vs standard oxygen on 28-Day mortality in immunocompro-
mised patients with acute respiratory failure: the HIGH randomized
clinical trial. JAMA 320(20):2099-2107

15. Rlisk of Bias in Systematic Reviews (2018) cited 2018 September 30,
2018. http://www.evidencepartners.com/resources/methodological-
resources/risk-of-bias-commentary/

16. Guyatt GH, Oxman AD, Vist GE et al (2008) GRADE: an emerging
consensus on rating quality of evidence and strength of recommenda-
tions. BMJ (Clin Res ed) 336(7650):924-926

17. Higgins JP (2011) Cochrane handbook for systematic reviews of inter-
ventions. Version 5.1.0. The Cochrane Collaboration


http://www.evidencepartners.com/resources/methodological-resources/risk-of-bias-commentary/
http://www.evidencepartners.com/resources/methodological-resources/risk-of-bias-commentary/

572

20.

21.

22.

23.

24.

25.

. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-

analysis. Stat Med 21(11):1539-1558

. Makdee O, Monsomboon A, Surabenjawong U et al (2017) High-flow

nasal cannula versus conventional oxygen therapy in emergency
department patients with cardiogenic pulmonary edema: a rand-
omized controlled trial. Ann Emerg Med 70(4):465-472

Lemiale V, Mokart D, Mayaux J et al (2015) The effects of a 2-h trial of
high-flow oxygen by nasal cannula versus Venturi mask in immuno-
compromised patients with hypoxemic acute respiratory failure: a
multicenter randomized trial. Crit Care (Lond, Engl) 19:380
Wetterslev J, Jakobsen JC, Gluud C (2017) Trial sequential analysis

in systematic reviews with meta-analysis. BMC Med Res Methodol
17(1):39

Azoulay E, Lemiale V, Mokart D et al (2018) Effect of high-flow nasal
oxygen vs standard oxygen on 28-Day mortality in immunocompro-
mised patients with acute respiratory failure: the high randomized
clinical trial. JAMA 320(20):2099-2107

Bell N, Hutchinson CL, Green TC et al (2015) Randomised control trial
of humidified high flow nasal cannulae versus standard oxygen in the
emergency department. Emerg Med Australas EMA 27(6):537-541
Frat JP, Thille AW, Mercat A et al (2015) High-flow oxygen through
nasal cannula in acute hypoxemic respiratory failure. New Engl J Med
372(23):2185-2196

Jones PG, Kamona S, Doran O et al (2016) Randomized controlled
trial of humidified high-flow nasal oxygen for acute respiratory

26.

27.

28.

29.

30.

31

distress in the emergency department: the HOT-ER study. Respir Care
61(3):291-299

Parke RL, McGuinness SP, Eccleston ML (2011) A preliminary rand-
omized controlled trial to assess effectiveness of nasal high-flow
oxygen in intensive care patients. Respir Care 56(3):265-270
Rittayamai N, Tscheikuna J, Praphruetkit N et al (2015) Use of high-flow
nasal cannula for acute dyspnea and hypoxemia in the emergency
department. Respir Care 60(10):1377-1382

Schwabbauer N, Berg B, Blumenstock G et al (2014) Nasal high-flow
oxygen therapy in patients with hypoxic respiratory failure: effect

on functional and subjective respiratory parameters compared to
conventional oxygen therapy and non-invasive ventilation (NIV). BMC
Anesthesiol 14:66

Doshi P, Whittle JS, Bublewicz M, Kearney J, Ashe T, Graham R, Salazar S,
Ellis TW, Jr, Maynard D, Dennis R, Tillotson A, Hill M, Granado M, Gordon
N, Dunlap C, Spivey S, Miller TL (2018) High-velocity nasal insufflation in
the treatment of respiratory failure: a randomized clinical trial. Ann Emerg
Med 72:73-83.e75

Brochard L, Slutsky A, Pesenti A (2017) Mechanical ventilation to minimize
progression of lung injury in acute respiratory failure. Am J Respir Crit
Care Med 195(4):438-442

Mauri T, Alban L, Turrini C et al (2017) Optimum support by high-flow
nasal cannula in acute hypoxemic respiratory failure: effects of increasing
flow rates. Intensive Care Med 43(10):1453-1463



	High flow nasal cannula compared with conventional oxygen therapy for acute hypoxemic respiratory failure: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data analysis

	Results
	Search results and study characteristics
	Outcomes

	Discussion
	Conclusions
	Acknowledgements
	References




