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High-flow nasal cannula (HFNC) oxygen delivery has been gaining attention as an alternative means of
respiratory support for critically ill patients, with recent studies suggesting equivalent outcomes when
compared with other forms of oxygen therapy delivery. The main objective of this review was to extract
current data about the efficacy of HFNC in critically ill subjects with or at risk for respiratory failure.
We performed a systematic review of publications (from database inception to October 2015) that
evaluated HFNC in critically ill subjects with or at risk for acute respiratory failure and performed a
meta-analysis comparing HFNC with noninvasive ventilation (NIV) and with standard oxygen therapy
regarding major outcomes: incidence of invasive mechanical ventilation and ICU mortality. A total of
9 studies were included. HFNC was not associated with a reduction in the incidence of invasive me-
chanical ventilation compared with NIV (odds ratio [OR] 0.83, 95% CI 0.57-1.20, P = .31) or standard
oxygen therapy (OR 0.49, 95% CI 0.22-1.08, P = .17). Additionally, HFNC use did not reduce ICU
mortality compared with NIV (OR 0.72, 95% CI 0.23-2.21, P = .56) or with standard oxygen therapy
(OR 0.69, 95% CI 0.33-1.42, P = .29). There was a trend toward better oxygenation compared with
conventional oxygen therapy but a worse gas exchange compared with NIV. At this moment, HFNC
therapy seems not to be superior to conventional oxygen therapy or NIV in terms of invasive mechanical
ventilation rate or ICU mortality in critical illness, but new studies are needed to determine whether
HFNC is associated with any difference in major outcomes when compared with other techniques. Key
words: high-flow nasal cannula; noninvasive ventilation; oxygen therapy. [Respir Care 0;0(0):1—. © 0 Daedalus
Enterprises]

Introduction

Oxygen therapy is one of the most prescribed treatments
in medicine, especially in critical care patients. It is an
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adjunctive therapy in respiratory support, the purpose of
which is to maintain adequate ventilation and oxygenation,
thereby providing adequate alveolar gas exchange. High-
flow nasal cannula (HFNC) oxygen delivery has been gain-
ing attention as an alternative means of oxygen therapy for
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critically ill patients. The apparatus comprises an air-ox-
ygen blender, an active heated humidifier, a single heated
circuit, and a nasal cannula. At the air-oxygen blender,
Fio, s set up to 1.0 at a maximum flow of 60 L/min via a
nasal cannula. The gas is heated and humidified with the
active humidifier and delivered through the heated circuit,
which increases patient tolerance' without the potential
side effects of an increased dead space provided by non-
invasive ventilation (NIV). HFNC offers several physiolog-
ical advantages that might encourage its use, including, but
not limited to, improvements in oxygenation, the generation
of a flow-dependent PEEP, reduction of nasopharyngeal
resistance and pharyngeal dead space washout, and an
increase in end-expiratory lung volume.23

Most of the available data regarding this technique have
been published in the neonatal field.*> Currently, HFNC
use is increasing in a variety of critically ill adult patients
with diverse underlying conditions, including acute respi-
ratory failure,®#® during bronchoscopy,® or to prevent se-
vere desaturation during intubation of patients with mild-
to-moderate hypoxemia, despite the lack of reliable, large,
controlled clinical trials published.!*-!2 Some authors even
define the postextubation scenario as “at risk for respira-
tory failure,” despite the same clinical management as
compared with true “respiratory failure.”!!

The objective of this study was to extract current data
about the actual efficacy of HFNC in critically ill subjects
with or at risk for respiratory failure, and, through a meta-
analysis, specify the effects of this support in terms of
relevant outcomes (mortality, need for invasive mechani-
cal ventilation, improvement in gas exchange).

Methods

Our study was performed according to the recommen-
dations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement.'3 The
study protocol was published in the PROSPERO database
(www.crd.york.ac.uk/PROSPERO) with number
CRD42015025912. We performed a systematic search of
MEDLINE, the Cochrane Database, and EMBASE (from
the inception of each database to June 2015) to identify
full-text publications in English, Spanish, French, and Por-
tuguese that evaluated the use of HFNC treatment in clin-
ical-surgical critically ill subjects with acute hypoxemic
respiratory failure or at risk for this complication, com-
pared with standard oxygen therapy or NIV. The primary
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outcome was the intubation rate in different groups, whereas
the secondary outcomes were oxygenation improvement
(defined as PaOZ/FIOZ)’ mechanical ventilation time, and
ICU mortality. The following major medical subject head-
ings terms were included: (“respiratory insufficiency” OR
“respiratory distress syndrome, adult” OR “shock lung”
OR “acute lung injury” OR “lung diseases, obstructive”
OR “pneumonia’”) AND (high-flow AND (“nose” OR “na-
sal”) AND (“catheters” OR “‘cannula”)) OR (high-flow
AND “oxygen”) OR optiflow OR “oxygen inhalation ther-
apy.” The references of review articles were also reviewed
to identify any other potentially eligible articles.

The review was limited to adult subjects, and only
original peer-reviewed randomized controlled trials were
selected. Exclusion criteria were observational studies
and quasi-experimental trials and patients with a do-
not-intubate order in the emergency room or in the gen-
eral ward. Two authors (WLN and EMRF) indepen-
dently reviewed the abstracts of all citations from the
search and the full articles for inclusion. Then selected
articles were compared by a third author (CD) who
resolved any disagreements. The following data were
extracted: study location, enrollment period, sample size,
inclusion and exclusion criteria, baseline characteris-
tics, details of intervention and comparator groups, and
clinical outcomes. To ascertain the validity and the risk
of bias of the eligible randomized studies, 2 reviewers
working independently used the Cochrane Collabora-
tion’s tool for assessing the risk of bias (version 5.1.0;
http://handbook.cochrane.org).

The statistical analysis was performed using the
MetaView statistical program within Review Manager soft-
ware (RevMan 5.3.4, the Nordic Cochrane Center, Co-
chrane Collaboration, Copenhagen, Denmark) using the
Mantel-Haenszel random effects model. Statistical hetero-
geneity across trials was assessed using the Cochrane chi-
square test and the Higgins inconsistency test. We ana-
lyzed the probability of publication bias using funnel plots
and considered plot asymmetry to be suggestive of report-
ing bias.

Results

The initial search identified 5,560 studies in PubMed,
5,610 in EMBASE, and 1,223 in Cochrane; after the re-
moval of duplicates, 6,806 articles were reviewed. After
review of the abstracts, 49 studies were retrieved and re-
viewed in detail. Finally, after full-text review, we ex-
cluded 42 records, and 9 articles met the inclusion criteria
and were selected by both reviewers (Fig. 1). The main
characteristics of the included studies are summarized in
Table 1.

Three studies evaluated postextubation subjects!®!7:
one in obese post-cardiac surgery subjects,'8 one in sub-
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Search results
12,396

Duplicates removed
5,590

/

Articles screened
6,806

Excluded based on title and
abstract or study type
6,755

|

Full-text review
51

Excluded
42

HFNC not used: 19
Not RCT: 17
Study protocol: 2
Duplicate: 1
Outcomes not reported: 2
Question not reported: 1

Included studies
9

Fig. 1. Flow chart. HFNC = high-flow nasal cannula, RCT = ran-
domized controlled trial.

jects with hypoxemic respiratory failure undergoing
diagnostic fibrobronchoscopy,® and 3 in medical subjects
with acute respiratory failure,'>!51¢ including one in im-
munosuppressed subjects.!” One randomized controlled
trial was performed in a crossover fashion,'* 5 were
single-center,!4!5.16.18 and 4 were multi-center.!'-1217.19 The
main comparator was conventional oxygen therapy; 3 stud-
ies compared with air-entrainment mask,'®!7:1° 2 studies
compared with standard oxygen therapy,'>'8 and 2 studies
compared with high-flow face mask.'#!> Two studies com-
pared with NIV %16 whereas one compared with NIV and
conventional oxygen therapy.!?

Overall, subjects had well-balanced baseline character-
istics in each group (with the exception of the study by
Simon et al,” in which more subjects with hematological
disorders and more subjects with hospital-acquired pneu-
monia were allocated in the HFNC group). The Simplified
Acute Physiology Score II was the main disease severity
score employed by the studies,”!!.12:16.17.19 with scores
varying between 25'2 and 46.° The breathing frequency
was also variable in a range between 18! and 33
breaths/min'?; similarly, there was heterogeneity in the
reported P, /Fio (from 128 in Lemiale et al'® to 241 in
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Maggiore et al'7). There were no significant differences
between studies about baseline arterial pH (from 7.37 to
7.46) or in baseline Poo (from 35 to 42). The length of
ICU stay varied from 1.5 d in Corley et al's to 11 d in
Maggiore et al'7 Results of the Cochrane Risk of Bias Tool
of the included studies are presented in Table 2. Overall,
there was a preponderance of good methodological ran-
domized controlled trials, with the great majority of trials
reporting sequence generation, allocation concealment, and
intention-to-treat analysis. None of the studies, however,
presented blinding of outcome assessment and, due to the
nature of the intervention, none of them performed blind-
ing of participants and personnel.

HFNC and Invasive Mechanical Ventilation

HFNC demonstrated outcomes similar to NIV with re-
spect to the need for invasive mechanical ventilation in a
meta-analysis of 3 trials (OR 0.83, 95% CI 0.57-1.20,
P = 31, I = 22%) with a low heterogeneity among
studies (Fig. 2). Similar outcomes to conventional oxygen
therapy were also observed (OR 0.49, 95% CI 0.22-1.08,
P = .17, 1> = 37%) in a moderate heterogeneity meta-
analysis of 5 trials (Fig. 3) of hypoxemic respiratory fail-
ure in medical (3 trials, one in immunosuppressed sub-
jects), surgical (one study), and post-procedure (one study)
subjects.

HFNC and Mortality

Two studies compared HFNC and NIV mortality in
hypoxemic respiratory failure, and there was no differ-
ence between groups in their meta-analysis (OR 0.72,
95% CI 0.23-2.21, P = .56, I = 83%) (Fig. 4); that
meta-analysis also showed no difference between groups
in the comparison of HFNC and standard oxygen ther-
apy (OR 0.69, 95% CI 0.33-1.42, P = .29, I> = 11%)
(Fig. 5).

HFNC and Oxygenation Improvement

Overall, we identified 6 studies comparing oxygen-
ation pre- and post-HFNC therapy, 4 with conventional
oxygen therapy and 2 with NIV. We opted not to subject
these data to meta-analysis because of the substantial
heterogeneity among the studies in terms of interven-
tions, measured outcomes, and different time intervals.
Compared with high-flow face mask, there was no dif-
ference in post-intervention P, between groups'+; how-
ever, better P, /Fjo ratios were observed at 4 h post-
intervention. In another study, the regression analysis
found that HFNC was also associated with fewer de-
saturation episodes.?® In 2 studies, HFNC was inferior
to NIV with regard to P, 30 min post-intervention
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Table 2.  Cochrane Risk of Bias Tool

Blinding of

Blinding of

Study Sequen'ce Allocation Participants and Outcome Incomplete Selectiye Intention—to.—Treat
Generation ~ Concealment Pers 1 Assess " Outcome Data ~ Reporting Analysis
ersonne ssessmen
Tiruvoipati et al (2010)'# Uncertain Yes No No Uncertain Yes No
Parke et al (2011)%° Yes Yes Uncertain Uncertain Uncertan Yes Yes
Simon et al (2014)° Yes Yes No No Uncertain Yes No
Schwabbauer et al (2014)'¢ No No No No Uncertain No Uncertain
Maggiore et al (2014)!7 Yes Yes No No Yes Yes Yes
Stéphan et al (2015)!! Yes Yes No No Uncertain Yes Yes
Frat et al (2015)!2 Yes Yes No No Yes Yes Yes
Corley et al (2015)'8 Yes Yes No No No Yes Yes
Lemiale et al (2015)%° Yes Yes No No No Yes Yes
HFNC NIV Odds Ratio Odds Ratio

Study or Subgroup ~ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Frat et al™ 40 106 55 110 34.7% 0.61 (0.35-1.04) —

Simon et al® 1 20 0 20 1.3% 3.15(0.12-82.16)

Stéphan et al" 87 414 AN 416  64.0% 0.95 (0.68-1.32)

Total (95% ClI) 540 546 100% 0.83 (0.57-1.20) I

Total events 128 146

Heterogeneity: Tau? = 0.03; Chi* = 2.55; df =2 (P = .28); I? = 22% T - T 1

Test for overall effect: Z = 1.01 (P = .31) 0.01 0.1 1 10 100

Favors HFNC Favors NIV
Fig. 2. Invasive mechanical ventilation: high-flow nasal cannula (HFNC) versus noninvasive ventilation (NIV).
HFNC Standard O, Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Corley et al™ 0 81 1 74 5.4% 0.30 (0.01-7.49)

Frat et al' 40 106 44 94 43.1% 0.69 (0.39-1.21) —-

Lemiale et al" 4 52 2 48 14.9% 1.92 (0.33-10.97) R

Maggiore et al™* 2 53 1" 52 17.4% 0.15 (0.03-0.70) —_—

Parke et al” 3 29 8 27 19.2% 0.27 (0.06-1.17) ——

Total (95% CI) 321 295 100% 0.49 (0.22-1.08) -

Total events 49 66

Heterogeneity: Tau? = 0.29; Chi? = 6.37; df = 4 (P = .17); 12 = 37% 0.01 0.1 1 10 100

Test for overall effect: Z =1.77 (P = .08)

Favors HFNC Favors Standard O,

Fig. 3. Invasive mechanical ventilation: high-flow nasal cannula (HFNC) versus standard O, therapy.

HFNC NIV Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Frat et al™ 12 106 27 110  47.8% 0.39 (0.19-0.82) ——
Stéphan et al" 28 414 23 416 52.2% 1.24 (0.70-2.19)
Total (95% CI) 520 526  100% 0.72 (0.23-2.21)
Total events 40 50
Heterogeneity: Tau? = 0.55; Chi* = 5.82; df = 1 (P = .02); I = 83% r T ' v 1

.7 = = 0.01 0.1 1 10 100
Test for overall effect: Z = 0.58 (P = .56) Favors HENC Favors NIV

Fig. 4. ICU mortality: high-flow nasal cannula (HFNC) versus noninvasive ventilation (NIV).

(101 = 34 mm Hg vs 129 = 38 mm Hg, P < .01)'® and
in terms of P, /Fio 1 h and 6-12 h post-intervention in
surgical subjects.!! HFNC was associated with an in-
creased P,q /Fio ratio compared with an air-entrain-
ment mask in 2 studies: 101 = 34 mm Hg versus

RESPIRATORY CARE @ @ @ VOL @ NO @

85 = 21 mm Hg (P < .001)'¢ (30 min post-intervention)
and at 24-48 h post-intervention but not in the first
24-h period in another study.!” In obese post-cardiac
surgery subjects following extubation, there was no dif-
ference between HFNC and standard oxygen therapy in
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HFNC Standard O, Odds Ratio Odds Ratio
Study or Subgroup ~ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Frat et al™ 12 106 18 94 69.2% 0.54 (0.24-1.19)
Maggiore et al™ 6 53 5 52 30.8% 1.20 (0.34-4.20)
Total (95% ClI) 159 146 100% 0.69 (0.33—-1.42)
Total events 18 23

Heterogeneity: Tau?* = 0.03; Chi* = 1.12; df =1 (P = .29); I’ = 112%

Test for overall effect: Z=1.01 (P =.31)

0.01 0.1 1 10 100
Favors HFNC Favors Standard O,

Fig. 5. ICU mortality: high-flow nasal cannula (HFNC) versus standard O, therapy.

P.o/Fio, in the first 24 h.'® There was no evidence of
publication bias in the 4 meta-analyses performed, with-
out asymmetry in the top or in the bottom of the funnel
plot, based on visual inspection.

Discussion

This systematic review and meta-analysis suggested
that there was no difference in mortality or the need for
invasive mechanical ventilation when HFNC is com-
pared with NIV; the same conclusions can be reached
when compared with standard oxygen therapy. These
outcomes were compared in a highly heterogeneous pop-
ulation, in clinical,'?!'519 surgical,!!-!7-!8 and periproce-
dure subjects,” in acute respiratory failure or in a post-
extubation context.!7-18 It is important to highlight that
the main exclusion criteria in most studies were COPD
and hypercapnia, conditions in which NIV is a well-
established indication that has an impact on mortality
rate.?! In other settings, when NIV use is open to de-
bate, as in postextubation patients,?! HFNC should be a
useful alternative that has been associated in many stud-
ies with increased patient comfort and reductions in
dyspnea scores.!#!0.17 This outcome, however, due to
heterogeneous measurement between studies and differ-
ent forms of “patient comfort” characterization, an issue
with several assessment tools without a validated ap-
proach in critically ill patients,?? limits our ability to
reach a definitive conclusion about this point. Assessing
dyspnea by a patient report instrument, such as the mod-
ified Borg scale, can be an important proposal for future
studies to evaluate this outcome, and new studies will
be necessary to determine whether this outcome will be
an important factor in choosing an oxygen therapy in-
terface, because mask intolerance and discomfort still
represent a major cause of NIV failure.?3

Another important study limitation is that different mea-
surements were used for oxygenation improvement in the
studies, which prohibits a definitive measurement of the
magnitude of the intervention. This remains an open de-
bate, despite apparent superior results associated with
HENC use when compared with standard oxygen therapy

8

and inferior results when compared with NIV as presented
in this paper. These results should be interpreted with great
caution because quite different clinical scenarios existed
when HFNC was tested; different times of administration
of therapy and, consequently, different times for outcome
evaluation were used. The analyzed studies included out-
come measurements as early as 2 h and as late as 2 cal-
endar days.!?

Inspired gases in HFNC are warmed and humidified,
improving comfort and possibly reducing airway inflam-
mation,?* leading to improved drainage of respiratory se-
cretions.!” Additionally, the high flows match the high
spontaneous inspiratory flows generated by patients with
dyspnea, reducing entrainment of room air and permitting
delivery of more reliable F;, .2> A reduction in tachypnea
also should occur by flushing out anatomical dead space in
the upper airway by high oxygen flux.?¢

Despite several physiological advantages of HFNC, such
as constant Fy, during peak inspiratory flow, improve-
ments in oxygenation, washout of the nasopharyngeal dead
space, reducing the work of breathing,!® generation of flow-
dependent PEEP, and an increase in end-expiratory lung
volume,?? its use is not free of limitations, such as those
that have been established in postextubation postoperative
cardiac surgery patients with body mass index =30 kg/m?,
in whom HFNC did not improve atelectasis, when a low
level of PEEP (no more than 3—4 cm H,O) provided by
HFNC should not be sufficient.>!8 It should be noted that
prolonged HENC use (=48 h) is associated with sequen-
tial failure and delayed intubation and may increase ICU
mortality.?®

Acute respiratory failure is not a unique physiopatho-
logic model, and HFNC is not appropriate in all cases. In
a patient with hypoxemia alone, oxygen therapy is often
sufficient to correct the condition. In contrast, although
HFNC may normalize oxygen saturation, it may not be
sufficient to correct the underlying disturbance when there
is a ventilation-to-perfusion ratio mismatch or in the con-
text of alveolar hypoventilation, when a reduction in the
work of breathing is necessary with PEEP and inspiratory
pressure support.

New perspectives for HFNC trials are open, and more
studies will be needed to determine whether the early ap-

RESPIRATORY CARE e ® ® VOL ® NO @

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on November 22, 2016 as DOI: 10.4187/respcare.04831

HFNC 1IN CriticALLY ILL SUBJECTS WITH OR AT RISK FOR RESPIRATORY FAILURE

plication of HFNC avoids ICU admission in patients pre-
senting to the emergency department with acute respira-
tory failure? and in severe acute respiratory infection,
situations in which HFNC therapy appears to be an effec-
tive modality for early treatment in patients who were
unable to maintain adequate pulse oximetry with conven-
tional oxygen therapy.?® In acute heart failure, important
results in a pilot study?® identified a promising research
agenda, especially concerning the degree of discomfort
and intolerance associated with NIV that could be related
to treatment failure.

Conclusions

In critical illness acute respiratory failure or in subjects
at risk for it, HFNC did not demonstrate inferior results
compared with conventional oxygen therapy or NIV in
terms of ICU mortality and invasive mechanical ventila-
tion rate. The data on oxygenation improvement suggest
that HFNC could be superior to standard oxygen therapy
but inferior to NIV, but with current knowledge, this is
still an open question. Patient comfort and reduction in
dyspnea scores will require further investigation because
these are concerns in the consideration of HFNC as a
promising therapy.
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