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High Flow Nasal Cannula oxygenation for adult patients in the

ICU : a literature review

M. Van Loo (*) and T. Sortiaux (**)

Abstract : Oxygenation using High Flow Nasal Cannula
(HFNC) was initially described in neonatal medicine,
but, gradually, its use has extended to adult patients. The
efficacy of the device has been linked to higher flows of
oxygen delivered to the patients, air tract humidification,
alveolar recruitment through a positive end-expiratory
pressure (PEEP) effect, prevention of nasopharyngeal
collapse, and dead-space washout. Beside the fact that
HFNC is a non-invasive way of delivering oxygen to
ICU patients, and is well tolerated, results from various
clinical trials tend to show positive outcomes for patients
presenting with acute hypoxemic respiratory failure
(AHRF), during intubation, or during the post-extubation
period. However, controversy arose from recent publica-
tions, and larger trials are still required to clarify the posi-
tion of HFNC in the ICU, and help define the subgroups
of patients presenting with AHRF that are most likely to
benefit from HFNC therapy.

Key words: High-flow oxygen; high-flow oxygen
cannula ; acute respiratory failure.

INTRODUCTION

The use of High Flow Nasal Cannula (HFNC)
is well known for being a mainstay therapy in neo-
natal and pediatric wards, and recent literature sug-
gests benefits in the setting of moderately severe
forms of acute viral bronchiolitis. Some pediatri-
cians now also tend to use it in other situations, such
as neonatal respiratory distress syndrome, with-
drawal from invasive ventilation, or even asthma.
However, this has yet to be backed with stronger
evidence from large randomized clinical trials (1).
HFNC could also be a useful tool when caring for
adult patients. In the Intensive Care Unit (ICU), one
often has to treat patients presenting with acute hy-
poxemic respiratory failure (AHRF). In those cases,
oxygen delivery remains the first-line therapy. Be-
side the classical ways of administering oxygen,
HEFNC is getting increasingly popular among ICU
physicians. Indeed, HFNC is more comfortable for
patients, insofar as they are still free to drink, eat or
talk. Some physicians even wonder if enhanced tol-

erance could decrease the rate of intubation and
mechanical ventilation.

The aim of this review is to evaluate the im-
pact of HFNC on respiratory physiology, and assess
its influence on patients’ outcomes.

DESCRIPTION OF THE DEVICE

When compared to other devices delivering
oxygen to the patient, the size of the HFNC appara-
tus (Fig. 1, Picture : Optiflow®, Fisher & Paykel
Healthcare, Auckland, New Zealand) is relatively
smaller, so that it makes it easier to handle by the
nursing team. The incorporated flow-meter allows
setting the exact delivery flow of the gas mixture,
with an usual upper limit of 60 L/min (even though
flows up to 100 L/min have been used, notably with
experimental devices) (2). In addition, the oxygen-
air blender can generate inspired oxygen fractions
(F.O,) ranging between 21% and 100%. Both of
those settings can be adjusted at any time, according
to the evolving requirements of the patient. More
distal on the circuit is the active humidifier, whose
advantages will be discussed later in this review.
The usual interface for delivering the gas mixture to
the patient is a wide-bore nasal cannula, but, inter-
estingly, a special tracheostomy interface with a
direct connection to the patient is also available.
Between the device itself and the interface, there is
a specific heated tubing which reduces the produc-
tion of condensation droplets. The length of this
tubing is long enough to not hinder the patient’s
basic moves and comfort while undergoing the
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Fig. 1. — HENC apparatus (courtesy of Fisher & Paykel
Healthcare™).

therapy. Noteworthy, many devices from various
manufacturers (Salter Labs, Vapotherm, Teleflex
Medical, Fisher & Paykel Healthcare, ...) are now
available on the market, and HFNC has even

5-10 L/min
Oxygen

Inspiratory demand 30 LPM

been incorporated into some recent ventilators as a
modality of oxygen delivery (Evita-XL® and Evita
V500® from Draeger).

MECHANISMS OF ACTION
Higher flow delivered to the patient

Low-flow devices commonly used in the ICU,
like the nasal cannula or the facemask, are used with
oxygen flow rates that are exceeded by the patient’s
own inspiratory flow, thus allowing room air to be
inhaled alongside the delivered oxygen therapy.
This is particularly true if the patient develops acute
respiratory failure (ARF), and thus becomes tachy-
pneic. This is the reason why, with low-flow devic-
es, true FiO,can largely vary, and remains difficult
to evaluate for clinicians (3). The American Asso-
ciation for Respiratory Care (AARC) guidelines
state that currently available air-entrainment masks
can accurately deliver predetermined oxygen con-
centration to the trachea up to 40% (4). Higher ox-
ygen flows will help bypassing this problem by
matching, or at least getting closer to the inspiratory
flow of patients presenting with severe respiratory
failure (Fig. 2).

Sim et al. simulated a respiratory failure
breathing pattern in 13 healthy volunteers by apply-
ing compression bandages on their chest (aiming
for an FEV, reduced by > 50% and a respiratory rate
> 25 bpm). Both before and during this simulation,
they measured F,O,in their oropharyngeal cavities

30 LPM
Oxygen/Air

Inspiratory demand 30 LPM

Fig. 2. — Picture showing how HFNC better matches ARF patient’s inspiratory flow (courtesy of Fisher & Paykel Healthcare™ ).
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Table 1
Impact of HFNC on respiratory physiology

—_

Delivered FiO,close to the set FiO,

2. Air tract humidification at BTPS conditions and better
tolerance

“PEEP effect” and alveolar recruitment

Counteracting nasopharyngeal collapse

5. Deadspace washout

Hw

with a sample line, while administering oxygen
therapy to them at the same time, through either a
low-flow Hudson facial mask, a non-rebreathing
mask, or HFNC. Their results revealed a statistical-
ly significant fall in FiO, with the Hudson mask at
flows up to 24 L/min, while no significant change
could be noted with the non-rebreathing mask at
15 L/min and 100 L/min or HFNC at 40 L/min. Not
only was the achieved F,O, better with higher flows,
as suspected, but it was also unaffected when the
breathing pattern of respiratory failure was simu-
lated. Of note, the highest F,O, was reached with
HENC, while being constant whatever the respira-
tory pattern (5).

Air tract humidification

HFNC devices can most usually provide flows
up to 60 L/min, whereas the AARC guidelines tell
us that it is not recommended to go above 6 L/min
with simple nasal cannulas (4). At flows <4 L/min,
humidification of oxygen is deemed unneces-
sary (4), but with higher flow rates like those gener-
ated with HFNC, patients could develop nasal mu-
cosa dryness and lack of comfort. This would be
particularly true if there were any expiratory mouth
leaks, as the nasal mucosa normally recovers a third
of the amount of water delivered to the air tract dur-
ing the previous inspiratory phase (6). As a result of
this progressive airway dryness, an impaired ciliate
cells function in the respiratory epithelium would
ensue (7), as well as inflammatory reactions, con-
gestion, and increased airway resistance. With cur-
rent HFNC devices, all those adverse effects are
prevented by the addition of an air warmer and a
humidifier to the circuit. Indeed, the ideal condi-
tions for mucosal function are a 100% relative hu-
midity at a temperature of 37°C (8). Ciliate cells
clearance tends to show a significant improvement
with humidification (9), and this will probably help
avoiding recurrent infections, insofar as muco-
ciliate clearance is a primary defense mechanism in
the airway (10). Of note, some HFNC devices al-
most reach BTPS conditions (body temperature and

pressure saturated), with a 99.9% relative humidity
at a temperature setting of 37°C (at flows ranging
from 5 to 40 L/min) (11). Different types of humidi-
fiers can be found on the market, and data in the
literature seem to show that there is better patient
tolerance with heated humidifiers than with bubbles
humidifiers, in terms of mouth and throat dry-
ness (12).

Air tract pressures and alveolar recruitment

A study evaluated pharyngeal pressures in
healthy subjects trying out HFNC, and showed that
both inspiratory and expiratory pressures are higher
than under normal conditions. Those recorded pres-
sures are flow-dependent and reach higher levels
when the mouth is closed. In their model, there was
an increase of 0.8 cm H,O per 10 L/min increase in
HFNC flow (13). On the same topic, PARKE et al.
recently described, for normal subjects, an increase
in pharyngeal airway pressure of 1 cm H,O per
10 L/min of flow, up to 100 L/min (2).

The same author also included 15 patients that
just underwent cardiac surgery in a prospective
study, and observed that mean nasopharyngeal air-
way pressure was higher with HFNC than with a
conventional facemask (mean airway pressure at
35 L/min was 2.7 cm H,O with mouth closed and
1.2 cm H,O with mouth open) (14).

This above-mentioned positive end-expiratory
pressure (PEEP) effect may well lead to an im-
provement in ventilation/perfusion (V/Q) ratio with
better oxygenation (15) in patients presenting with
AHREF, and a reduction of airway resistance (16)
and work of breathing (17). These increments in
mean airway pressure with HFNC have also been
linked to an increase in end-expiratory lung vol-
umes (EELV, evaluated by tomographic electrical
impedance (18)) and a decreased breathing frequen-
cy for healthy individuals (2). An elevated EELV
was also observed in post-cardiac surgery patients,
and this was particularly true for obese patients with
higher body mass indexes (BMI) (19). Those in-
creases in EELV and tidal volumes (V1) should help
avoiding the shunting effect associated with atelec-
tasis, commonly seen in the postoperative period.

Counteracting nasopharyngeal collapse

The collapse of the pharyngeal tract can in-
crease airway resistance. Some authors investigated
the influence of continuous positive airway pressure
(CPAP) on the pharyngeal cavity of patients with
sleep apnea disorder, and demonstrated an effect of

van loo-.indd 65

© Acta Ancesthesiologica Belgica, 2016, 67,n° 2

9/06/16 08:42



van loo-.indd 66

66 M. VAN LOO AND T. SOTTIAUX

Main studies showing benefits of HFNC for the management of hypoxemic AHRF patients

Authors Type of study Number of patients included Conclusion

Roca, et al. Prospective comparative study 20 Better oxygenation, and lower respiratory rate

SZTRYMF, et al. Prospective observational study 20 Better oxygenation, and lower respiratory rate

SZTRYMF, et al. Prospective observational study 38 Better oxygenation

PARKE, et al. Prospective RCT 60 More patients weaned from therapy at 24h in HFNC
group, and fewer desaturations

FRAT, et al. Multicentre prospective RCT 310 Intubation rate lower if P/F < 200, and decreased
ICU & day-90 mortality rate

MESSIKA, et al. Observational single-center study 607 Possible use as first-line therapy in ARDS

“splinting” applied to the upper airway (20, 21).
This “pneumatic splint” could also partly contribute
to prevent airway collapse for patients receiving
HEFNC therapy.

Deadspace washout and carbon dioxide elimina-
tion

As previously said, HFNC delivers high flows
to the patient, and therefore can generate a dead-
space washout of the nasopharyngeal cavity.
FrizzoLA et al. evaluated this phenomenon in an
acute lung model with piglets, and compared HFNC
with classical CPAP in a randomized crossover
study. Their results showed improved gas exchange
with HFNC, again in a flow-dependent manner (as
reflected by arterial O, and CO, partial pressures).
Interestingly, carbon dioxide elimination was better
achieved in this piglet model with HFNC than with
CPAP, and this was particularly true when the nos-
trils of those animals were not completely occluded
(i.e. when a partial leak was allowed around the
prongs of the device) (22).

Dead-space washout was also evaluated by an-
other team in Germany, using 2 purpose-built imita-
tions of the upper airway, filled with a tracer gas.
The tracer gas clearance with HFNC was then eval-
uated, using dynamic infrared CO, spectroscopy
and/or radioactive gamma camera imaging. They
showed a fast-occurring, flow-dependent elimina-
tion of the tracer gas (with complete clearance oc-
curring within 1 second for the anatomically based
model) (23). HFNC could thus help in situations
where carbon dioxide rebreathing is a problem, and
when trying to correct hypercarbia in acute respira-
tory failure (ARF).

IMPACT ON OUTCOME
Patient comfort

HFNC is a valuable tool as it provides com-
fort. Different authors describe its superiority in
terms of tolerance when compared with classical
oxygenation tools. This seems to be true for patients
presenting with ARF (24, 25, 26), but also in vari-
ous kinds of situations, like the immediate post-ex-
tubation period (27). It could also provide relief and
palliative care to patients who previously refused
life-sustaining treatment and/or intubation. HFNC
could be useful in patients with dementia, unable to
tolerate the ordinary facemask (28).

This notion of patient comfort is of particular
importance when prolonged therapy is needed, as
classical facial masks can sometimes prove cumber-
some, hinder oral feeding and speech, or lead to
claustrophobia, thus causing poor observance to
therapy.

Acute respiratory failure

Roca et al. compared oxygenation with HFNC
to conventional facemask in 20 patients presenting
with AHRF (24). HFNC resulted in less dyspnea,
higher P,O, (127 mmHg vs 77 mmHg, P = 0.002)
and lower respiratory rates (21 bpm vs 28 bpm,
P <0.001). Noteworthy, the authors only assessed
short periods of 30 minutes of HFNC therapy. In
addition, when HFNC was started, a median period
of 4 days had elapsed (thus providing no data about
the longer use and/or the immediate use of HFNC).

Two prospective observational studies from
SZTRYMF et al. in 2011 gave some positive results in
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Table 3

Summary of suggested indications of HFNC in the adult
population

—

. Treatment of hypoxemic patients, if :
— mild to moderate hypoxemia
— no additional organ failure
— 1O vasopressor support
— no hypercapnia
2. In the post-extubation period :
— not routinely
— in high risk patients
— if PaO,/FO, <300 mmHg
. Intubation of mild to moderate hypoxemic patient
. Obstructive sleep apnea-hypopnea
. Bronchofibroscopies
. Palliative & “do not intubate” patients

AN AW

terms of patient’s oxygenation parameters. Notably,
they compared HFNC with conventional oxygen
therapy in twenty patients with persistent AHRF
because of pneumonia (n = 11), sepsis (n=3) and
other miscellaneous etiologies (n = 6). They showed
a significant reduction in respiratory rate (28 bpm
vs 24.5 bpm, P =0.006), a significant increase in
oxygen saturation (93.5% vs 98.5%, P =0.0003)
and a significant increase in PaO2 (8.73to 15.27 kPa,
P =0.001). Interestingly, the therapy was very well
tolerated by the patients, even for long periods of
time, insofar as some of them could bear the therapy
for more than 100 hours (25, 26).

Sixty patients with mild to moderate hypox-
emic respiratory failure were included by PARKE et
al. in a prospective randomized comparative study
to compare HFNC with standard high-flow face
mask as an initial therapy in the ICU. Significantly
more patients succeeded with their therapy in the
HEFNC group (treatment was deemed to be success-
ful if the patient could be maintained on or weaned
from the allocated therapy within the next 24 hours,
P =0.006). The HFNC patients had also fewer de-
saturations (29).

Heart failure can obviously be a cause of ARF,
and a Spanish team tried to appraise the effect
HFNC on those patients (30). They incorporated in
their sequential intervention study, 10 patients with
stable NYHA class III heart failure, but with at least
one hospital admission during the previous
12 months, and a left ventricle ejection fraction
<45%. Those individuals underwent sequential
transthoracic echocardiography at baseline, and at
the end of 2 consecutive periods of HFNC with
flows of 20 L/min and 40 L/min respectively, and a

constant F,O,of 21%. The results of echocardiogra-
phies were blindly validated by another expert, and
objectivized a reduction in cardiac preload. The
authors hypothesize that this reduction in preload,
which can lead to advantageous respiratory and he-
modynamic effects in patients with heart failure,
could be attributable to both increased intra-thorac-
ic pressures and increased lung volumes with
HENC. Interestingly, the respiratory rate of those
subjects was lower with HFNC, coming down from
23 bpm at baseline to 17 and 13 bpm with HFNC at
20 L/min and 40 L/min, respectively. Even though
this study only included patients with a stable heart
failure status, the authors believe that HFNC could
prove to be helpful in situations of acute cardiogen-
ic pulmonary edema. This had already been sug-
gested in a very small sample of 5 patients in
2010 (31), and should of course warrant a large
RCT to compare HFNC and CPAP in the manage-
ment of acute pulmonary edema.

More recently, the “Florali” trial came for-
ward. It was a multicenter RCT, which included
310 subjects from 23 centers during 2 years. Their
aim was to compare 3 strategies of oxygenation for
patients admitted to ICU for AHRF : standard O,
therapy, HFNC, and HFNC associated with non-
invasive ventilation (NIV). Although they did not
find any difference regarding intubation rate in the
overall cohort (primary outcome), they were able
to demonstrate that the intubation rate was signifi-
cantly lower with HFNC alone in patients with a
Pa0O,/F.O, ratio <200 (subgroup analysis). For the
entire cohort of 310 patients, HFNC significantly
increased the number of ventilator-free days,
reduced ICU mortality and mortality at 90 days
(secondary outcomes), as compared with standard
oxygen therapy alone (P=0.006) or NIV
(P =0.046). The intensity of respiratory discomfort
was also decreased after 1 hour, as compared with
the 2 other modalities of oxygenation (32).

Another recent large retrospective observa-
tional study of 607 immunocompromised patients
with AHRF (33), hinted at the possible use of HFNC
as a first-line therapy for acute respiratory distress
syndrome (ARDS) patients. Intubation rate for
ARDS patients was 40% and, to the contrary to the
“Florali” trial (32), they showed a reduced intuba-
tion rate with the association of NIV & HFNC. In
this study, additional organ failure, particularly
hemodynamic failure, was associated with a higher
HENC failure rate, and this led the authors to
recommend another mode of ventilation support,
and probably mechanical ventilation for those
patients.
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Chronic obstructive pulmonary disease

For a long time, it has been shown that high
flow oxygen improves chronic obstructive pulmo-
nary disease (COPD) patients’ tolerance to exercise,
whatever the mode of administration (34, 35).
HFNC has been assessed as a chronic supportive
treatment of COPD, on an everyday basis. Along-
side the usual therapies for obstructive respiratory
diseases, HFNC applied for as little as 1 to 2 hours
per day could prove beneficial. This statement is in
agreement with the results of a recent RCT that in-
cluded 108 patients with COPD or bronchiectasis.
The authors described, over a 12 months period, a
decrease in exacerbation days (18.2 vs 33.5 days ;
P =0.045) and a reduced exacerbation frequency in
addition to a reduction in antibiotics use (36). The
aerosolized delivery of bronchodilator therapies
during HENC still has to go through clinical trials as
we lack recommendations on this particular mat-
ter (37). Of note, the usefulness of HENC for acute
exacerbation of COPD also has to be clarified.
However, these findings clearly underline that the
use of HFNC is not restricted to the ICU, and could
find various practical uses outside the hospital. That
being said, if HFNC is to be exported outside the
ICU into the ward, we should bear in mind that strict
protocols regarding its use will probably have to be
implemented, in order to avoid the temptation of
simply increasing the F,O, when a patient deterio-
rates, which could thus mask the underlying prob-
lem and delay its management.

After lung resection surgery

Recently, the use of HFNC in the post-anes-
thesia care unit after lung resection surgery has been
investigated by a team from Papworth in the
UK (38). Their randomized, controlled, blinded
study compared HFNC to standard oxygen therapy,
and they were unable to show any difference re-
garding spirometry measures and the 6-minute walk
test at day 2 post-surgery. Nevertheless, their results
reflected a reduced length of hospital stay, leading
the authors to call for larger multicenter studies to
be carried out in order to corroborate their results.

In the post-extubation period

Traditionally, almost all patients receive an
oxygen supply in the immediate post-extubation
period, usually with low-flow interfaces. Prelimi-
nary studies tended to show improved respiratory
parameters and a decreased sensation of dyspnea

with HENC after extubation (39). An Italian RCT
carried out in 2 ICU’s (40), between November
2010 and April 2011, incorporated 105 patients who
previously had to be intubated because of AHRF,
mainly because of pneumonia (46%) or trauma
(22%), and evaluated the first 48 hours following
their weaning from mechanical ventilation. One of
the inclusion criteria was a PaO,/FO, ratio <300
just before extubation, and those subjects were then
divided into 2 equal groups receiving oxygen sup-
plementation either with a classical Venturi Mask
or with HFNC, with an FO,being adapted accord-
ing to the patients’ needs (aiming for an SpO,
between 92% and 98%, or even below for patients
with compensated hypercarbia). Their findings were
clearly in favor of HFNC, as the PaO,/FO, ratio
was significantly higher at 24 hours (287.2 +/-
74.3 mmHg vs 2474 +/- 80.6 mmHg ; P =0.03),
but also at 36 and 48 hours. Likewise, PaO, values
were significantly better with HFNC, but at 36 hours
only. Those patients also had less discomfort, less
displacement of the cannula, and a marked differ-
ence in terms of required re-intubation (4% vs 21%,
mainly because of hypoxia or inability to clear se-
cretions ; P =0.01), and any other form of ventilator
assistance (7% vs 35% ; P < 0.001).

On the same topic, the “BIPOP study
group” (41) came forward with an RCT in 2015, to
compare HFNC with intermittent BIPAP in a total
of 830 patients who had undergone cardiothoracic
procedures, with or at risk for ARF in the postopera-
tive period. The authors supported the use of HFNC
in those patients, as it did not result in more treat-
ment failures as compared with BIPAP (defined as
premature discontinuation, re-intubation or switch
to the other study treatment), while skin breakdown
was significantly more frequent with BIPAP after
24 hours. However, some warnings have been raised
about non-inferiority trials (42), and in particular, a
further reading by DEL Sorgo et al. (43) gave some
insight about the interpretation of the BIPOP trial.
They raised concerns about the fact that intermittent
NIV was a mandatory active control for this study,
while its place in this setting is actually unclear, and
about the fact that the chosen non-inferiority margin
actually results in a unusually wide confidence
margin (with HFNC potentially resulting in a 6.6%
absolute reduction or a 4.9% absolute increase in
treatment failure when compared with NIV).

It also has to be underlined that another recent
large RCT of 340 cardiac surgery patients failed to
show a difference on oxygenation parameters with
HENC applied from extubation to day 2 after the
procedure (evaluated with the SpO./FiO, ratio).
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Therefore, even though HFNC did globally reduce
the need for escalation of respiratory support, the
authors did not support that it should routinely be
used after uncomplicated cardiac surgery (44). The
true benefit of HFNC for obese patients, whether af-
ter cardiac surgery or other procedures, still has to
be confirmed to this day, as a recent RCT evaluating
HENC in patients with a BMI = 30 failed to show
an improvement in respiratory function (45).

The conclusions on this topic are thus contrast-
ing. These works had a few limitations as it was not
possible to blind the ICU personnel involved in the
treatment, and as they did not measure the true FO,
being actually given to those patients because a ded-
icated nasopharyngeal catheter would have been the
cause of discomfort. Consequently, we have to re-
main careful about the results indicating better oxy-
genation parameters with HFNC, as this could have
been the result of a difference in actual F.O,being
delivered to the patient. This controversy was
further accentuated recently with the retrospective
observational study of Kang and his team in 2015,
showing that delayed intubation (for more than
48 hours) was associated with a higher mortality in
patients suffering from AHRF. We should thus re-
main cautious with patients that are most likely to
require intubation, or at least should avoid delayed
intubation (46, 47). Anyway, we shouldn’t jump to
the conclusion that HFNC is of no use in these set-
tings. Indeed it could still represent a good alterna-
tive but clearly, larger and sufficiently powered
RCT’s, are needed on this topic to help define the
subgroups of patients that could benefit from the
technique. The currently ongoing “Opera trial”
(NCTO01887015) might give us a clearer picture, as
it tries to investigate whether early HFNC applica-
tion after extubation (following abdominal surgery)
could prevent respiratory complications, hypox-
emia or even atelectasis formation in the postopera-
tive period.

Before and during intubation

A recent study showed that HFNC might im-
prove pre-oxygenation, and reduce the prevalence
of severe hypoxemia during tracheal intubation for
patients with mild to moderate hypoxemia (48).
However, two recent large randomized trials could
not find any benefit with HFNC in the setting of ur-
gent intubation in ICU (used for “apneic oxygen-
ation”), regarding lowest arterial oxygen saturation
during laryngoscopy (49, 50). Also on this topic, a
prospective observational study of 50 patients with
anticipated difficult airway, described an improve-

ment of arterial oxygen saturation for spontaneous-
ly breathing patients while they were undergoing
awake fibre-optic intubation (51).

Other applications

As previously stated in this text, HFNC could
be useful to different kinds of populations outside
the ICU, such as the increasingly growing number
of subjects suffering from obstructive sleep apnea
and/or hypopnea (OSAH) who present with im-
proved apnea-hypopnea index with HFNC while
they are asleep (52).

On a similar note, HFNC could become a first-
line therapy of great value in the Emergency
Department (ED) for patients with AHRF and/or
dyspnea as a first complaint. Various prospective
investigations showed improved levels of dyspnea,
respiratory rate, and better oxygenation parameters
with HENC (53, 54), while another study failed to
demonstrate any reduction in the need for mechani-
cal ventilation in the ED (55). Larger studies are
still required to clarify the exact position of HFNC
in the ED therapeutic arsenal.

There are probably other fields of application
for HENC with adult patients, and that should war-
rant various investigations and trials in the future.
For example, its use has been advocated for oxygen
delivery during invasive procedures in the ICU like
diagnostic bronchoscopies associated with broncho-
alveolar lavage (56). Indeed, Lucangelo and his
team described better oxygenation parameters with
HFNC during bronchoscopy after lung transplant
surgery, having evaluated 45 patients who were
randomly assigned to 3 standard oxygen delivery
methods (low-flow nasal cannula, Venturi mask at
40 L/min, and HENC at 60 L/min) (57). HFNC ox-
ygenation could also be useful when administered
to critically ill patients directly through a tracheos-
tomy, as it was stated in a small RCT that included
17 patients who showed better PaO,/F.O, ratios with
the device (58).

It also has come to the attention of oncology
teams that HFNC may help for the palliative
management of various patients with cancer or
hematologic malignancies, and especially those
presenting with acute dyspnea (which is a very
common occurrence in patients at an advanced stage
of the disease) (59, 60). A recent paper even sug-
gested that for cancer patients, HFNC in association
with NIV could be associated with reduced day-28
mortality, but this statement has to be taken with
caution, as it was only a retrospective analysis (61).
The place of HFNC, in comparison with oxygen-
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ation with a simple Venturi Mask or even with NIV,
for immunocompromised patients with ARF (which
is associated with a high mortality rate), is still very
much unclear at the moment, with diverging results
and underpowered studies (62, 63).

HFNC could also help with the care of “do-
not-intubate” patients (64), or give comfort at the
end of life (28). Some clinicians also tried HFNC
for a patient with severe pulmonary fibrosis (whose
prognosis was extremely poor), and claimed some
improvement (65).

All those palliative and “quality-of-life” uses
of HFNC will definitely have to be investigated
with further, larger, and sufficiently powered multi-
center RCT’s in the years to come.

SIDE EFFECTS OF THE TECHNIQUE

Caution has been raised about HFNC with
babies and especially fragile preterm infants, as
those could be prone to barotrauma (66) or nares
and nasal septum damage (67). Nevertheless, as dis-
cussed above, HENC is very well tolerated by adult
patients (25, 26), but the presence of a nasal septal
defect is considered by some as a contraindication
to HENC (44).

HFNC generates more noise than CPAP (68),
but manufacturers are now providing a reusable
silencer that can be connected at the exit of the
blender (Fig. 3).

INITIAL SETTINGS

As previously said, it would probably be wise
to limit the use of HFNC for patients who are close-
ly monitored. As scientific data are still scarce at the
moment, it is still not possible to make “evidence-
based” recommendations on how to use HFNC. We
might recommend to use stepwise increases in flow,
starting from 30 L/min, to try and make use of the
above-mentioned beneficial physiologic effects of
HENC (for example increments of 10 L/min, based
on clinical tolerance and impact on respiratory rate).
The starting FO, could be set at 60% for AHRF
patients. If, despite increases in flow, respiratory
rate doesn’t decrease and/or target SpO,can’t be
achieved, a careful increase in F,O, should be at-
tempted. A prolonged exposition to high F,O, should
be avoided to prevent absorption atelectasis (69), or
delayed intubation (which, as mentioned above, is
associated with increased mortality after 48 hours of
HENC therapy (46, 47)).

Fig. 3. — Example of silencer available on the market
(Optiflow®, courtesy of Fisher & Paykel Healthcare™ ).

On the other hand, weaning from HFNC
should probably be considered for a comfortable
non-tachypneic patient, with HFNC flow down to
20-30 L/min and FO, < 50%.

CONCLUSION

HFNC is becoming ever more popular among
clinicians in adult (and pediatric) intensive care
units, and there are various data in the literature that
seem to support this change of practice. However,
we should remain cautious because, in certain areas,
we lack strong evidence about its efficiency and
safety. Currently ongoing larger RCT’s should give
us better information about the subgroups of
patients that are most likely to benefit from it, and
help guiding clinicians in the future.
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