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ABSTRACT Nasal high flow is a promising novel oxygen delivery device, whose mechanisms of action
offer some beneficial effects over conventional oxygen systems. The administration of a high flow of heated
and humidified gas mixture promotes higher and more stable inspiratory oxygen fraction values, decreases
anatomical dead space and generates a positive airway pressure that can reduce the work of breathing and
enhance patient comfort and tolerance. Nasal high flow has been used as a prophylactic tool or as a
treatment device mostly in patients with acute hypoxaemic respiratory failure, with the majority of studies
showing positive results. Recently, its clinical indications have been expanded to post-extubated patients in
intensive care or following surgery, for pre- and peri-oxygenation during intubation, during bronchoscopy,
in immunocompromised patients and in patients with “do not intubate” status. In the present review, we
differentiate studies that suggest an advantage (benefit) from other studies that do not suggest an
advantage (no benefit) compared to conventional oxygen devices or noninvasive ventilation, and propose
an algorithm in cases of nasal high flow application in patients with acute hypoxaemic respiratory failure
of almost any cause.

Introduction

Over the past decade, nasal high flow (NHF) has been introduced for oxygen therapy in adults, as a
natural extension of its use in neonates and children. The device consists of an air/oxygen blender
connected via an active heated humidifier to a nasal cannula, through a single-limb heated inspiratory
circuit. It delivers a fraction of inspired oxygen (Fi0,) from 21% to 100%, with a flow rate up to
60 L-min™". Fio, adjustments are independent of the setting flow rate, so that the patient is administered
heated humidified high-flow oxygen, with a flow that can be set above the patient’s maximum inspiratory
flow rate, thus increasing confidence about the Fio, being delivered to the patient [1]. These device
characteristics make it more promising in comparison with conventional low- and high-flow oxygen
devices (e.g. nasal cannula, non-rebreathing masks and Venturi masks), especially in patients with high
inspiratory flow rates, such as patients with acute respiratory failure (ARF) [1, 2].
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Recently, indications for the NHF system have been expanded, although there are no established guidelines
or algorithms to guide its use. In the present review we discuss the physiological effects of NHF, its current
clinical implications in adults and differentiate studies that suggest an advantage (benefit) from other
studies that do not suggest an advantage (no benefit) compared to conventional oxygen devices or
noninvasive ventilation (NIV). Moreover, we propose an algorithm for the rational clinical application of
NHEF in patients with acute hypoxaemic respiratory failure of almost any cause.

Search criteria

We searched for trials and reviews of NHF therapy in adult patients on PubMed and the Cochrane
Database. We limited our search to English-language publications using the terms “high flow” OR
“heated” OR “humidified” AND “oxygen” OR “nasal oxygen” OR “nasal cannulae” in the text or title. The
last search was performed on April 1, 2017.

Mechanisms of action

NHF can adequately supplement oxygen, support the respiratory system and hydrate the airways
effectively. Fio, values administered via NHF are more stable and higher than those of standard oxygen
delivery systems [1], because NHF can generate high flow rates up to 60 L-min~" that can match or even
exceed the patient’s inspiratory flow demand, thus reducing entrainment of room air and dilution of
administered oxygen [3, 4]. In addition, these high flow rates create a positive airway pressure which
linearly correlates with the administered flow rate [3-8]. For every 10 L-min~! increase in gas flow, the
mean airway pressure increases by ~0.69 cmH,0 in the mouth-closed position and by 0.35 cmH,0 in the
mouth-open position [8]. Analysis of the pressure generated during different parts of the respiratory cycle
demonstrated that higher pressures are obtained during expiration than inspiration, which are flow
dependent [9]. This mechanism resembles the application of positive end-expiratory pressure (PEEP), and
it results in recruitment of the atelectatic areas and thus increase of end-expiratory lung volume (EELV) by
~25% [5]. This effect is more pronounced in subjects with higher body mass index (BMI), regardless of
body position [5, 10]. Furthermore, lung compliance increases and the patient breathes more slowly, with
almost 10% higher tidal volumes [5]. The imposed expiratory resistance to the patient’s exhalation against
the continuous high flow of incoming oxygen gas and the pressurisation of the upper airway above
atmospheric pressure are the possible explanations for this mechanism [7, 8].

Reduced dead space ventilation and thus reduced rebreathing of expired air in a flow-dependent manner is
another benefit that is attributed to high gas flow that is delivered by this device, as demonstrated in
studies using upper airway models as well as on healthy volunteers [11, 12]. The mechanism differs
between sleep and awake states, because of different ventilatory responses to NHF in each state. Indeed,
during wakefulness, respiratory rate is slowed and tidal volume is increased in response to NHF, whereas
during sleep there is no change in respiratory rate, but a reduction in tidal volume, which leads to ~20%
reduction of minute ventilation without any increase in dead space. Therefore, it seems that the decrease
in dead space by caused by NHF during wakefulness is attributed to increased tidal volume, whereas the
stable dead space during sleep is attributed to washout of nasopharyngeal dead space volume by the high
flow of incoming gas [13].

NHF has a significant role in heating to the core temperature level (37°C) and humidifying the respiratory
system to saturation, especially in high flow rates, where conventional oxygen delivery systems fail [14]. By
this mechanism, mucociliary function and secretion clearance is improved [15], as shown in patients with
idiopathic bronchiectasis from the reduced percentage of retention of an inhaled tracer before and after
receiving warm and humidified air through NHF [16]. Furthermore, the required metabolic cost of
warming and increasing the relative humidity of inspired gas is reduced, especially in patients with
increased minute ventilation [17].

All these NHF mechanisms of actions exert various effects in the respiratory system, including improved
gas exchange, lower respiratory rate and effort, improved lung volume, dynamic compliance,
transpulmonary pressures and homogeneity of ventilation, as shown in a study of ARF patients in whom
an oesophageal balloon catheter along with electrical impedance tomography allowed advanced
physiological measurements [18]. Therefore, patients breathe more comfortably with less subjective
dyspnoea as a result of the reduced work of breathing [19, 20].

Clinical implications

Acute hypoxaemic respiratory failure

Benefit

Conventional low- and high-flow oxygen systems are traditionally used as first-line supportive treatment of
hypoxaemic ARF. Unfortunately, in both systems, at high inspiratory flow rates there is a limitation of
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heating and humidifying of inspired oxygen as well as increased entrainment of room air, which leads to
dilution of oxygen and lowering of Fio, [21]. The principles and mechanisms of action of NHF make it an
attractive and promising oxygen delivery device for adult patients with hypoxaemic ARF. The beneficial
effects of NHF in both objective parameters (respiratory rate and arterial oxygen saturation measured by
pulse oximetry (Sp0,)) and subjective ones, such as the degree of sensed dyspnoea, were confirmed in two
studies on patients with ARF receiving oxygen through NHF or face mask. NHF was associated with less
dyspnoea, a lower respiratory rate and greater overall oxygenation and comfort [19, 22]. The short
(30 min) implementation period of NHF [22] and the late initiation of its use [19] did not allow any
further conclusions regarding the effectiveness of NHF on ARF.

SztryME et al. [23] studied the efficacy, safety and outcome of the immediate application of NHF in
intensive care unit (ICU) patients with hypoxaemic ARF without any time limitation of its application.
Use of NHF was associated with a significant reduction in respiratory rate, heart rate, dyspnoea score,
supraclavicular retraction and thoraco-abdominal asynchrony and a significant improvement in SpO,.
These improvements were evident within the first 15-30 min after applying NHF and lasted throughout
the study period without any unexpected side-effects. >75% of patients avoided intubation, and thus the
authors concluded that NHF has a favourable effect on clinical signs and oxygenation in critically ill
patients with ARF [23]. These encouraging results were further confirmed by the same group of authors
1 year later in a prospective observational study on patients with ARF caused by community-acquired
pneumonia and sepsis [24]. Moreover, NHF may be more effective in treating mild to moderate
hypoxaemic ARF compared to oxygen delivered through a face mask, with fewer desaturations and less
need for NIV, as reported in a prospective randomised study by PARkE et al. [25].

Although the aforementioned studies included patients with hypoxaemic ARF and various level of
hypoxaemia, none of them assessed the effect of NHF on other important clinical outcomes, such as
intubation rate and mortality. In a recent randomised controlled trial involving patients admitted to the
ICU with hypoxaemic ARF, NHF, NIV and standard oxygen therapy (SOT) were evaluated for their effect
on endotracheal intubation and outcome [26]. Neither NIV nor NHF decreased the rate of intubation
among the overall studied population. However, the intubation rate was significantly lower with NHF in
the subgroup of patients with more severe respiratory insufficiency (arterial oxygen tension (Pa0,)/FiO,
<200). Moreover, therapy with NHF resulted in a significantly lower ICU and 90-day mortality, as
compared with SOT or NIV, which was attributed to lower intubation rates among patients with severe
hypoxaemia. Thereafter, it seems that NHF can be used in every stage of hypoxaemic ARF, even in
patients with acute respiratory distress syndrome [27].

No benefit

As with NIV [28], there is a great concern about the optimum duration of NHF use. The potential
masking of any respiratory deterioration may increase mortality due to delayed intubation [29]. In fact,
findings from a retrospective observational study in ICU patients suggested that early intubation (i.e.
within 48 h of NHF initiation) was associated with lower overall ICU mortality, better extubation success
and more ventilator-free days than late intubation when patients had received NHF therapy that failed
[29]. The 48 h time frame is in accordance with that of MorerTI et al. [28], who recorded particularly high
mortality (67.7%) in patients with NIV failure who were intubated after the aforementioned time. Some
significant factors could have influenced the results of this study [29]. Flow settings of NHF were not
provided, which is crucial since the benefits arising from its application are all flow dependent. In
addition, more patients in the late group were intubated because of acute-on-chronic respiratory failure, in
whom only NIV is recommended to date [30].

In the HOT-ER study [31] performed in patients admitted to the emergency department with ARF, no
differences were detected between NHF and SOT regarding the rate of initiation of mechanical ventilation
(invasive or noninvasive) in the emergency department, the length of emergency department or hospital
stay and 90-day mortality. However, during the study, it became apparent that some participants received
NIV soon after leaving the emergency department, and a post hoc analysis showed that fewer participants
in the NHF group required mechanical ventilation either in the emergency department or within 24 h of
leaving the emergency department. It is possible that NHF exerts its benefit beyond the first few hours
because the developed airway pressures are low and thus a longer time period is needed to recruit any
atelectatic lung areas. A significant message that can be drawn from these two studies [29, 31] could be
that although NHF application in patients with ARF seems to be very effective, we need more randomised
trials to define predictors of success or failure in order to avoid early discontinuation of the therapy, or, in
contrast, for timely diagnosis of treatment failure and intubation, thus avoiding any undesired evolution. A
summary of these studies is shown in table 1.
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TABLE 1 Relevant studies for nasal high flow (NHF) in patients with acute respiratory failure

Design

Patients

Results

Benefit

LencLET et al. [19]

Roca et al. [22]

SzTRYMF et al. [23]

SzTRYMF et al. [24]

FraT et al. [26]

Messika et al. [27]

No benefit
Jones et al. [31]

Prospective,
observational study

Prospective,
comparative study
of sequential
interventions

Prospective
observational study

Prospective
observational study

Multicentre,
open-label RCT

Prospective
observational study

Pragmatic open
randomised
controlled trial

17 ARF patients on oxygen
with a non-rebreathing face
mask who switched to NHF

20 patients with hypoxaemic
ARF received oxygen via
face mask and NHF for

30 min each

38 ICU patients with ARF who
received oxygen through NHF

20 patients with persistent
ARF who received oxygen
through NHF

310 ARF patients admitted to
ICU, randomly assigned to
NHF, SOT or NIV

Effectiveness and frequency
of NHF use in patients
with ARDS

303 ARF patients at
emergency departments
randomised to NHF or SOT

NHF was associated with a significant decrease in dyspnoea,
respiratory rate and a significant increase in Spo, within the first
15 min of its application

NHF was associated with less dyspnoea and mouth dryness
and more comfort than face mask; it was also associated
with higher Pa0, and lower respiratory rate, with no differences
in Paco,

NHF was associated with a significant reduction in respiratory
rate, heart rate, dyspnoea score, supraclavicular retraction and
thoraco-abdominal asynchrony and a significant improvement
in Spo,
Use of NHF enabled a significant reduction of respiratory rate
and a significant increase in oxygen saturation and Pa0,

ICU and 90-day mortality were significantly lower with NHF
compared with SOT or NIV, although no significant difference in
intubation rate was found between the three study groups. In the
subgroup of patients with Pao,/Fio, <200 the intubation rate was

significantly lower with NHF

29% of patients requiring noninvasive ventilatory support were
treated via NHF as first-line treatment. Among them, the
intubation rate was 40%. Haemodynamic failure was associated
with NHF failure and intubation

There was no difference between the groups in NIV or intubation
rate during the emergency department stay in mortality, on

emergency department and hospital length of stay

ARF: acute respiratory failure; Spo,: arterial oxygen saturation measured by pulse oximetry; Pa0,: arterial oxygen tension; Paco,: arterial carbon
dioxide tension; ICU: intensive care unit; SOT: standard oxygen treatment; NIV: noninvasive ventilation; Fio,: inspiratory oxygen fraction; ARDS:
acute respiratory distress syndrome.

Post-extubation in the ICU

Benefit

The incidence of extubation failure in ICU varies between 6% and 47%, with respiratory failure being its
most common cause, and is associated with a significant morbidity and mortality more than double that
of successful extubation [32]. SOT devices are used to treat this complication, but they may be inadequate
in patients with high inspiratory flow, since they can provide oxygen at flow rates <15 L-min~" [21, 32, 33].
Rirtavyamar et al. [34], in a crossover study, compared 30-min interventions with NHF and a
non-rebreathing mask in recently extubated patients. They reported significant reductions in dyspnoea,
respiratory rate and heart rate with NHF [34]. These results were further confirmed and strengthened by
another study comparing NHF with the Venturi mask in critically ill patients requiring oxygen therapy
after extubation (Pa0,/Fi0, <300) [35]. It was found that use of NHF was associated with a lower
respiratory rate, less discomfort and better oxygenation for the same set FiO, until 48 h after extubation,
with fewer episodes of oxygen desaturation. Moreover, the use of NHF in the post-extubation period was
associated with less need for NIV and endotracheal intubation than the Venturi mask (7.5% versus 34.6%) [35].
Both these studies [34, 35] support the protective role of NHF after extubation, attributing this effect to
higher flow of the administered gas with the NHF system, which could meet the ventilator demand of
the patient after extubation. Given the fact that the patients included in these studies [34, 35] had
residual respiratory impairment, these results could not be generalised to the overall population. Indeed,
even in patients at low risk of re-intubation, NHF successfully reduced re-intubation rates from 12.2%
[36, 37] to 4.9%, compared to SOT devices, without any reported complications, which was attributed to
NHF-favourable mechanisms on the work of breathing and the conditioning of the inspired gas, even at
high flow rates [38].
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No benefit

Although the consistent benefit in comfort and tolerance is confirmed in almost all studies applying NHF
after extubation [34, 35, 38, 39], there are conflicting data about its effect on gas exchange and physiological
parameters. In a crossover study [39], patients were randomised after extubation to either NHF followed by
high-flow face mask or high-flow face mask followed by NHF. No differences in gas exchange, heart rate,
blood pressure or respiratory rate were found between the two groups [39]. However, the fact that the face
mask was applied with similar flow rates as NHF, i.e. 30 L-min~", could explain the results. In another study
of patients at high risk of re-intubation [40], NHF was not inferior to NIV in re-intubation rates and time to
re-intubation, although NHF group had lower post-extubation respiratory failure rates. It is possible that the
24 h limit of using NHF as a preventive measure for re-intubation might have influenced the results, since
the application of NHF for 48 h in the study of MacGIoRe et al. [35] showed persistent improvement in
oxygenation and comfort parameters and achieved a lower re-intubation rate than the former study [40].
Conversely, delaying intubation is associated with increased morbidity and mortality, as previously reported
using NHF or NIV to treat ARF [29, 41]. Perhaps more studies are needed to clarify whether specific clinical
parameters should be used instead of fixed periods of time in order to achieve the greatest benefit from NHF
use while avoiding any delay in intubation. A summary of these studies is shown in table 2.

Post-extubation following surgery

Benefit

Respiratory complications play a significant role after major surgery, and can determine morbidity and
mortality and substantially increase healthcare cost [42, 43]. Traditionally, low- and high-flow oxygen
systems have been used to reverse post-surgical respiratory complications. NHF might be superior in
post-cardiac and thoracic surgery patients, since it can provide a high flow of heated and hydrated oxygen
while the positive airway pressure created by the high gas flow can recruit alveoli and increase the EELV [5,
6, 25, 44, 45]. In two studies conducted by the same authors [25, 45], NHF was compared with SOT after
extubation in patients undergoing cardiovascular surgery. Patients on NHF had significantly fewer
desaturations and succeeded more in their allocated therapy, with less need for NIV or intubation, although
respiratory (SpO,, respiratory rate and forced expiratory volume in 1s) and cardiovascular (systolic and
diastolic arterial pressure and heart rate) variables did not differ between groups. Positive airway pressure,
enabling the recruitment of atelectatic lung areas, along with facilitation of mucociliary clearance by the
heated and humidified gas administered by NHF, were the possible key features that improved overall
treatment effectiveness in both studies [25, 45], given that atelectasis is the more common respiratory
complication after surgery, presenting in 90% of patients undergoing general anaesthesia [42].

TABLE 2 Relevant studies for nasal high flow (NHF] use in intensive care unit (ICU) post-extubated patients

Design Patients Results
Benefit
Ritravamal et al. [34] Randomised, 17 successfully weaned patients Use of NHF was associated with significant reductions
non-blinded, received NHF for 30 min followed by in dyspnoea, heart rate and breathing frequency
crossover study SOT for another 30 min and vice versa compared with a non-rebreathing mask
MaGGIoRE et al. [35] Randomised, 105 extubated patients with Pao,/Fio, NHF in the post-extubation period resulted in better
controlled, <300 randomised to either NHF or oxygenation for the same set Fio,, decreased

HEerNANDEZ et al. [38]

No benefit
TiruvoirPaTl et al. [39]

HERNANDEZ et al. [40]

open-label trial

Multicentre,
randomised clinical
trial

Randomised
crossover study

Multicentre,
prospective cohort
study

Venturi mask

527 patients at low risk of
post-extubation respiratory failure
randomised to NHF or SOT after
extubation

50 extubated patients received either
NHF followed by high-flow face mask
for 30 min each or vice versa

604 patients at high risk of
post-extubation respiratory failure
randomised to NHF or NIV after
extubation

respiratory rate, improved patient comfort, reduced
episodes of oxygen desaturations and frequency of
need for ventilator support of any kind

NHF in comparison with SOT resulted in less
post-extubation respiratory failure (8.3% versus 14.4%])
and lower re-intubation rate (4.9% versus 12.2%)

No significant difference in gas exchange, respiratory
rate or haemodynamics was observed between
groups. Tolerance was significantly better with NHF

NHF had similar re-intubation rates and median time
to re-intubation with NIV. ICU length of stay was lower
in the NHF group

SOT: standard oxygen treatment; Pa0,: arterial oxygen tension; Fio,: inspiratory oxygen fraction; NIV: noninvasive ventilation.
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The specific mechanisms of benefits of NHF on post-surgical respiratory complications were studied
further by Coriey et al. [5] and it was found that NHF compared to low-flow oxygen on post-cardiac
surgery patients significantly increased mean airway pressure by 3.0 cmH,O, tidal volume by 10.5% and
EELV by 25.6%, regardless of whether they breathed with the mouth open or closed. There was a linear
correlation between the increase in gas flow and EELV [5]. These findings were more apparent in patients
with higher BMI, although they were not confirmed in a subsequent study by the same group of authors
[46], probably because of the difference in the study protocols and the limited exposure to NHF (only 8 h)
in the latter study.

No benefit

Recent randomised controlled trials have demonstrated that continuous positive airway pressure (CPAP)
or bi-level positive airway pressure are better than standard oxygen devices in the postoperative period [47,
48] and are increasingly used in patients undergoing cardiothoracic surgery in order to prevent or treat
postoperative ARF [49-51]. In an attempt to compare NHF with these techniques, a current randomised
noninferiority trial [52] in post-cardiothoracic surgery patients compared the use of NHF to NIV; similar
rates of treatment failure, discomfort and ICU mortality were detected in both study groups. Although
NIV was associated with a higher Pa0,/Fi0, ratio, probably because of the higher applied PEEP, NHF was
associated with lower values of PaCO, and respiratory rate, with possible explanations being higher tidal
volumes, improved inspiratory flow dynamics and a carbon dioxide washout effect [52]. Given the
noninferiority of NHF compared to NIV in this group of patients, NHF could be used as a first option,
since it provides the advantages of ease of application and lower nurse workload without hampering a
patient’s prognosis.

Few studies have investigated the role of NHF application in other types of surgery. There is only one
study [53] in patients with lung resection surgery where immediate application of NHF versus low-flow
oxygen did not improve early functional recovery as assessed by 6-min walk test and standard spirometry,
although it resulted in reduced hospital length of stay and improved patient satisfaction. However, most
patients included in the study had a good 6-min walk test before surgery. In another study, the preventive
application of NHF directly after extubation was compared to SOT in patients undergoing major
abdominal surgeries. NHF was ineffective at reducing the incidence of hypoxaemia as well as other
postoperative outcomes such as pulmonary complications and length of hospital stay [54]. The small
sample size, along with the lower than expected rate of hypoxaemia after surgery might have influenced
the results, and thus more studies are needed to clarify the role of NHF after abdominal surgery. A
summary of these studies is shown in table 3.

Pre- and peri-oxygenation during intubation

Benefit

Endotracheal intubation in the ICU is one of the highest risk procedures, resulting in complications up to
40% or cases [55]. Pre-existing hypoxaemia and haemodynamic instability of ICU patients are the main
reasons for insufficient pre-oxygenation and severe desaturations during laryngoscopy, throughout which
pre-oxygenation is interrupted, even for a short period [55-58]. NHF (60 L-min~") has been evaluated as
an alternative technique for pre- and peri-oxygenation (i.e. oxygenation during laryngoscopy) during the
intubation procedure in comparison with non-rebreathing bag reservoir face mask (15 L-min™') in a
nonrandomised prospective study [59]. Oxygen with 6 L-min~" flow was administered to patients through
a nasopharyngeal catheter during intubation in the face mask group, while in the NHF group the initial
flow rate and Fio, were maintained throughout the intubation procedure. The median Spo, was
significantly lower and the prevalence of severe hypoxaemia (Spo, <80%) was present exclusively in the
face mask group. Similar results were observed in a recent study, comparing the combination of NHF and
NIV versus NIV alone, during the intubation procedure in patients with severe hypoxaemic respiratory
failure [60]. Even without lung expansion, oxygen diffusion from the alveoli to the capillaries decreases
alveolar pressure, and by increasing pharyngeal oxygen content a flow of air is generated from the pharynx
to the distal airway, which is called apnoeic oxygenation [61]. High flow rates with NHF create a great
oxygen reservoir in nasopharyngeal area, which together with carbon dioxide elimination by flushing of
the dead space [11, 12] and the generated CPAP [3-8] make NHF a promising oxygenation device in the
peri-intubation period, which maintains oxygenation without a rapid and dangerous rise in carbon dioxide
concentration [62].

No benefit

In contrast to the study by MiGUEL-MONTANES et al. [59], in which patients with severe hypoxaemia were
excluded, and given that severe hypoxaemia before endotracheal intubation is an independent risk factor
for severe desaturation during intubation [55], a multicentre controlled randomised study was conducted,

https://doi.org/10.1183/16000617.0028-2017 6
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TABLE 3 Relevant studies for nasal high flow (NHF] use in post-extubated patients following surgery

Design

Patients

Results

Benefit

CorLEY et al. [5]

Parke et al. [25]

Parke et al. [45]

No benefit

CorLEY et al. [46]

StePHAN et al. [52]

Ansari et al. [53]

Furier et al. [54]

Prospective
interventional study

Prospective
randomised
comparative study

Pragmatic, open-label
randomised controlled
trial

Randomised controlled
trial

Multicentre,
randomised, unblinded
noninferiority trial

Randomised,
controlled, blinded
study

Multicentre,
randomised controlled
trial

20 patients post-cardiac
surgery with ARF under SOT
and then NHF

56 postoperative patients with
ARF, randomised to NHF or
to high-flow face mask

340 post-cardiac surgery
patients randomised to NHF
or SOT after extubation

155 patients post-cardiac
surgery with BMI >30 kg-m™
randomised to NHF or SOT

BiPAP or NHF in 830
cardiothoracic patients who
developed ARF after
extubation or with
pre-existing risk factors for
post-extubation ARF

59 post-elective lung
resection surgery patients
randomised to NHF or SOT

220 post-abdominal surgery
patients randomised to
NHF or SOT

Compared with SOT, NHF increased mean Paw by
3.0 cmH,0, expiratory lung volume by 25.6% and
tidal volume by 10.5%. Patients with higher BMI had
larger increases in end-expiratory lung volume

Significantly more NHF patients succeeded with
their allocated therapy. Patients in the NHF group
tended to need NIV less frequently than the
high-flow face mask group and had significantly
fewer desaturations

No differences in Spo,/Fio, ratio at day 3 or
in-hospital and ICU length of stay and mortality at
day 28 were observed between the two study groups.
NHF reduced the requirement for escalation of
respiratory support

No difference was seen between groups in
atelectasis scores on day 1 or 5, in mean Pa0,/Fio,
ratio or respiratory rate in the first 24 h
post-extubation and the length of ICU stay

NHF was non-inferior to BiPAP in treatment failure,
defined as re-intubation for mechanical ventilation,
switch to the other study treatment or premature
study treatment discontinuation. No significant
differences were found in ICU mortality

Similar results were observed in the difference
between pre-operative and postoperative 6-min walk
test and spirometry between the two study groups.
Length of hospital stay was significantly lower in the
NHF group
No differences for postoperative hypoxaemia,

pulmonary complications or length of hospital stay
were found between the two groups studied

ARF: acute respiratory failure; SOT: standard oxygen treatment; Paw: airway pressure; BMI: body mass index; NIV: noninvasive ventilation; Spo,:
arterial oxygen saturation measured by pulse oximetry; Fio,: inspiratory oxygen fraction; ICU: intensive care unit; BiPAP: bi-level positive airway

pressure.

comparing NHF versus a non-rebreathing bag reservoir face mask in the pre-oxygenation of severely
hypoxaemic patients [63]. In the NHF group, the initials settings were Fi0, 100% with a flow rate of
60 L-min~", and they were maintained throughout the procedure in order to achieve apnoeic oxygenation.
In the face mask group, the flow rate was set at 15 L-min~! and the mask was removed after
pre-oxygenation to enable laryngoscopy. There was no difference between the two oxygenation devices in
preventing desaturation, not even during the apnoeic period, regardless of the severity of respiratory
distress. The main difference between the studies by MiGUEL-MONTANES et al. [59] and Vourc’H et al. [63],
which could explain the discordant results, was the level of hypoxia of the patients included, which was
more severe in the latter study. In addition, apnoeic oxygenation has been the subject of debate in recent
literature, with conflicting results regarding the prevention of desaturation [64, 65]. However, in both
studies [64, 65] lower flow rates were used (<15 L-min~") for apnoeic oxygenation; thus, it is evident that
further studies are needed to define the effectiveness of different levels of flow rate for apnoeic oxygenation
in distinct groups of patients.

Acute hypoxaemic respiratory failure in immunocompromised patients

Benefit

Choosing the optimal device for delivering oxygen in immunocompromised patients with ARF is
extremely important, since invasive mechanical ventilation is associated with high mortality rates up to
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40-60%. In order to avoid intubation and invasive mechanical ventilation, NIV is traditionally used as
first-line treatment in this group of patients, although NIV failure has also been associated with increased
mortality [66-68].

In two studies, the effects of NHF and NIV were assessed in immunocompromised patients admitted to
the ICU for ARF [69, 70]. In both studies, the rates of intubation and mortality were lower in patients
treated with NHF than in those randomly assigned to NIV. Moreover, NIV remained independently
associated with increased rate of intubation and mortality [69, 70]. The results could be attributed to the
better tolerance of NHF and the potential harmful effects of NIV through increasing tidal volumes, thus
leading to high transpulmonary pressure and ventilator-induced lung injury [70].

In another study including patients with cancer and ARF, NHF in combination with NIV was associated
with a lower 28-day mortality rate compared to either NHF alone or to a combination of SOT with NIV [71].
These results contrast with the results of the FLORALI (Clinical Effect of the Association of Non-invasive
Ventilation and High Flow Nasal Oxygen Therapy in Resuscitation of Patients with Acute Lung Injury)
study [26], in which the combination of NHF-NIV in an unselected population with hypoxaemic ARF
was associated with high mortality. It is possible that the differences in the NIV application protocol (time
and number of sessions) as well as the different study populations could explain the dissimilar results
between studies [26, 71]. The beneficial effects of NHF have been highlighted in two further studies in
patients with solid tumours [72] and haematologic malignancies [73], where more than one-third of the
patients improved while on NHF and another large percentage (44%) remained stable [72], often obviating
the need for ICU admission or invasive mechanical ventilation. Tolerance of the device was good with few
complaints (e.g. nasal discomfort) [72].

Lung transplant patients comprise another group of immunocompromised patients who often require
admission to the ICU and intubation because of ARF, with high mortality rates. NHF has been shown to
reduce this risk by ~29.8% compared to conventional oxygen therapy; the number of patients needed to
treat with NHF in order to prevent one intubation was three [74]. Failure of NHF treatment and further
need for mechanical ventilation was not associated with higher mortality [74].

No benefit

In contrast to the aforementioned studies, when NHF was compared to Venturi mask in
immunocompromised patients admitted to the ICU with clinical signs of respiratory distress or
hypoxaemia, NHF application neither decreased the need for invasive mechanical ventilation or NIV nor
improved the patient’s comfort, dyspnoea, respiratory rate or heart rate [75]. These results could be
explained by the fact that the study was underpowered to demonstrate the potential inferiority of NHF
compared to Venturi mask. In addition, sources of discomfort were not assessed, since the underlying
disease associated with immunodeficiency may have been a significant source of patient discomfort, not
influenced by the mode of oxygen delivery.

In another retrospective study in patients with haematologic diseases complicated by AREF, it was found
that although NHF therapy was safe and well tolerated, only 20% of the patients showed a good response
to NHF therapy, while the remaining 80% required a second-line intervention including endotracheal
intubation and mechanical ventilation, NIV or narcotic palliation alone [76]. A significant factor that
could have led to underestimation of NHF efficacy in this study was that a lot of the patients underwent
palliation therapy or died while they were on NHF, and they were then classified as nonresponders to
NHEF regardless of the response.

A question that is raised in cases of NHF failure in immunocompromised patients is the delay of
optimal treatment initiation, which could further increase the mortality rates in this group of patients at
very high risk of death, as shown with NIV failure in the general population [28]. To date, only one
study has shown that NHF failure was not associated with higher mortality rates [74], but undoubtedly,
further studies are needed to clarify the safe time frame of NHF application as well as the specific
indications of NHF oxygen delivery in immunocompromised patients. A summary of these studies is
shown in table 4.

NHF in other clinical conditions

NHF could be used during bronchoscopy in patients with different levels of respiratory dysfunction. High
flow rates (50-60 L-min™') protect patients from hypoxaemia during bronchoscopy with remarkable
tolerance and minimal variations in Spo, [77-80]. NIV and CPAP are usually used in more severe
hypoxaemic patients during bronchoscopy and studies have shown that NIV is superior both to SOT [81-83]
and to NHF [84]. Moreover, it seems that NHF benefits are more remarkable when bronchoscopy is
performed through the nares than through the mouth; nonetheless, even if bronchoscopy is performed
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TABLE 4 Relevant studies for nasal high flow (NHF] use in immunocompromised patients with acute respiratory failure (ARF)

Design

Patients

Results

Benefit
Couproy et al. [69] Retrospective

observational study

Frar et al. [70] Post hoc analysis

MokarT et al. [71] Retrospective
propensity-score

analysis

EpsteIN et al. [72] Retrospective

Lee et al. [73] Retrospective

Roca et al. [74] Retrospective

No benefit
LemiaLE et al. [75] Prospective,
multicentre,

parallel-group RCT

Haraba et al. [76] Retrospective

115 immunocompromised
patients with ARF treated with
NIV or NHF

82 immunocompromised patients
with ARF treated with NIV,
NHF or SOT

178 cancer patients with severe
ARF received oxygen through
SOT, NHF or through the
combinations NHF-NIV or
SOT-NIV

183 cancer patients with hypoxia
treated with NHF

45 patients with haematological
malignancies who developed ARF

37 lung transplant recipients with
ARF who received NHF or SOT

100 immunocompromised
patients with ARF, randomised to
NHF or SOT

56 patients with haematological
malignancies with ARF under
NHF treatment

The NHF group had significantly lower rates of intubation
and mortality in the ICU and at day 28 than the NIV group

The NHF group had significantly lower rates of intubation
and mortality than the NIV group. No significant difference
in intubation and mortality rates was noted between SOT
and NHF

Compared to the other patients, patients who received NHF-
NIV combination presented a lower day-28 mortality rate, a
longer time from ICU admission to intubation and a higher,
but not significant number of ventilator-free days. NHF-NIV
was independently associated with improved survival

41% improved while on the device, 44% remained stable
and 15% declined. The device was well tolerated with
few complaints

20% of the patients showed a good response to NHF therapy
while the remaining 80% of patients failed to respond to the
initial NHF therapy requiring intubation with mechanical
ventilation, NIV or narcotic palliation alone

Absolute risk reduction for mechanical ventilation with NHF
therapy was 29.8% and the NNT to prevent one intubation
with NHF was 3. NHF therapy was associated with a
decreased risk of mechanical ventilation

No significant difference regarding the need for invasive
ventilation/NIV during the 2-h study period. Additionally, no
significant difference reported regarding dyspnoea score,
respiratory rate and heart rate

20% responded well to NHF therapy, while 80% failed, and
they underwent a second-line therapy with invasive
mechanical ventilation, NIV or narcotic palliation

NIV: noninvasive ventilation; ICU: intensive care unit; SOT: standard oxygen treatment; NNT: number needed to treat; RCT: randomised

controlled trial.

through the mouth, maximum flow rate (60 L-min~") should be used, since a PEEP value of 3.6 cmH,O
has been measured at this flow rate in healthy volunteers with a partially obstructed mouth [77].

Stable chronic obstructive pulmonary disease (COPD) patients with chronic respiratory failure could
benefit from NHF application through a reduction of anatomical dead space [85, 86], improvement in
mucociliary clearance in conducting airways [16, 87] and passive elevation in end-expiratory pressure [6, 7,
9, 85]. These mechanisms lead to improved exercise performance with fewer symptoms and better gas
exchange [85, 88, 89], improved lung mechanics [90] with less respiratory muscle load [91] and less work
of breathing [86]. Since NIV is used currently as a treatment option in patients with COPD and chronic
hypercapnia [92], it seems that NHF could be used instead of NIV in the least tolerant and compliant
patients, or in association with NIV, to reduce mask-related side-effects [89]. Conversely, whether NHF
might have an impact on hypercapnic ARF is questionable, since two case report studies [93, 94] have
presented two patients with exacerbation of COPD in whom NIV was poorly tolerated and NHF was used
instead. Progressively, respiratory rate was reduced and arterial blood gases were improved. Until more
studies clarify this issue, NIV or invasive mechanical ventilation should be used based on the specific
indications.

NHF application in patients with decompensated heart failure improved the intensity of dyspnoea,
respiratory rate and oxygenation indices [95]. High gas flow with NHF has been shown to significantly
decrease (>20%) the inspiratory collapse of the inferior vena cava and thus decrease the right ventricular
preload [96]. However, more randomised trials are needed in order to compare NHF versus NIV in the
intubation rates and mortality of patients with decompensated heart failure.

https://doi.org/10.1183/16000617.0028-2017 9
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Finally, NHF seems a promising oxygen device for patients with a “do not intubate” status presenting with
ARF, since it can provide optimum symptom relief, improve oxygenation [97] and thus avoid
transportation to the ICU for a possible application of NIV [98].

Algorithm for clinical use
Summarising the existing literature led us to propose the following algorithm in case NHF is available and
has been chosen as the initial oxygen delivery device in patients with ARF (figure 1). If a patient is

Acute hypoxaemic respiratory failure#

Criteria for immediate or imminent intubation are present
(i.e. impaired consciousness and/or persistent shockf)

No Yes
NHF initiation Intubation and invasive MV
Fio, 100%, flow rate 60 L-min-1 NHF for improving pre-oxygenation
Temperature 37°C and peri-laryngoscopy oxygenation

Fio, 100%, flow rate 60 L-min-1

Within
1-2h

Monitoring

Presence of one of the following: respiratory rate >35 breaths-min-1, Spo, <88-90%,
thoraco-abdominal asynchrony and/or persistent auxiliary muscle use, respiratory acidosis
(Paco, >45 mmHg with pH <7.35)

No Yes
Titration* Noninvasive MV
Fio, based on target Spo, (>88-90%) Short trial (1-2 h)

Flow rate based on <25-30 breaths-min-"
and patient comfort
Temperature based on patient comfort

Monitoring

Presence of one of the following within hours (maximum 48 h), besides optimum NHF
titration: respiratory rate >35 breaths-min-1, Spo, <88-90%, thoraco-abdominal asynchrony
and/or persistent auxiliary muscle use, respiratory acidosis (Paco, >45 mmHg with pH <7.35),
haemodynamic instability8

No Yes
Weaning from NHF Intubation and invasive MV
Firstly decrease Fio, NHF for improving pre-oxygenation
When Fio, <0.4% decrease flow rate by 5 L-min-! and peri-laryngoscopy oxygenation

When flow rate <15 L-min-" stop NHF and initiate SOT Fio, 100%, flow rate 60 L-min-1

FIGURE 1 Recommended algorithm for high-flow nasal cannula use in acute hypoxaemic respiratory failure in
immunocompetent or immunocompromised patients. *: arterial oxygen tension (Pa0,)/inspiratory oxygen
fraction (Fio,) <300 (patients with arterial carbon dioxide tension (Paco,) >45 mmHg and pH <7.35 are
excluded); T: systolic arterial blood pressure <90 mmHg despite adequate fluid administration; *: the rationale
for change in nasal high flow (NHF) settings are as follows. 1] Flow rate could be adjusted downwards by
5-10 L-min™" per 1-2 h if none of the negative prognostic factors are present. However, if targets of arterial
oxygen saturation measured by pulse oximetry (Spo,) and respiratory rate are not achieved, while the flow rate
is <60 L-min~", increase of flow rate by 5-10 L-min~" is preferred to raising Fio,; 2) increase in Fio, causes
increases in Pa0, and Sp0,; 3) temperature can be set at 37°C or lower (31-34°C), based on the patient’s
comfort; 8: haemodynamic instability is defined by heart rate >140 beats-min™" or change >20% from baseline
and/or systolic arterial blood pressure >180 mmHg, <90 mmHg or decrease >40 mmHg from baseline.
MV: mechanical ventilation; SOT: standard oxygen treatment.
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admitted with clinical signs of acute respiratory distress and blood gas analysis demonstrates hypoxaemia
(Pa0,/Fi0, <300) of almost any cause without hypercapnia (PacO, >45 mmHg with pH <7.35), check
primarily if the criteria for imminent intubation and invasive mechanical ventilation are met. If the answer
is yes, intubation should be performed and NHF could be used for pre-oxygenation and apnoeic
oxygenation during laryngoscopy with maximum settings (flow rate 60 L-min~", 100% Fi0,) [59, 60, 62]. If
the answer is no, NHF should be applied as soon as possible with 100% Fi0,, flow rate 40-60 L-min™" and
temperature 37°C [2, 4, 26, 35]. The proposed initial flow rate differs between the studies, with some
authors suggesting initial lower values (35-40 L-min~") that will be better tolerated by patients [2, 4], while
others suggest initial maximum flow rate values (60 L-min~") to rapidly relieve dyspnoea and avoid the
occurrence of muscle fatigue [26, 35]. We believe that maximum flow rate values are more beneficial, and
we thus recommend the application of the latter option in the algorithm.

Within 1-2h of NHF initiation the presence of respiratory parameters that have negative prognostic
significance should be checked, such as Spo, <88-90%, respiratory rate >35 breaths-min?,
thoraco-abdominal asynchrony and auxiliary respiratory muscle use [23]. The presence of one of these
identifies patients who do not respond to NHF very early; a short NIV trial could be considered before
intubating the patient. If none of the parameters is present, NHF could be continued and its initial
settings should be titrated based on the patient’s respiratory rate (<25-30 breaths-min™"), Spo, (>88-90%)
and the patient’s comfort and tolerance. In addition, NHF settings should be checked and adjusted
accordingly during the monitoring of the patient, as follows. Flow rate could be adjusted downwards by 5-
10 Lmin~" per 1-2 h if none of the aforementioned negative prognostic factors are present. However, if
targets of SpO, and respiratory rate are not achieved, while the flow rate is <60 L-min~}, increase of flow
rate by 5-10 L:min~" is rather preferred to raising Fi0,, because higher flow rates reduce entrainment of
room air during inspiration and increase the airway pressure linearly, thus recruiting more alveolar units.
If Spo, remains low, then an increase of Fio, is required [2].

It is necessary to monitor closely the patient under NHF to avoid undesired respiratory and cardiac
complications with a maximum time frame of 48 h [29]. The parameters that need regular monitoring
during this time frame and which have prognostic significance are the respiratory parameters listed earlier,
as well as haemodynamic instability [23, 27]. If the patient does not improve within 48 h, NHF treatment
should be considered to have failed and we should proceed to intubation and invasive mechanical
ventilation as soon as possible. Maintaining a failed NHF treatment could mask any further respiratory
deterioration and increase the mortality rate. If the patient’s clinical and gasometric parameters gradually
improve, then FiO, should first be lowered to 40-50%, proceeding with a stepped decrease in flow rate of
5-10 L-min~". The intervals of these decrements could be shorter or longer based on the patient’s clinical
and physiological parameters. When the patient is stable for 1-2h with Fio, 40% and flow rate
<15 L-min~}, NHF should be stopped and a Venturi mask or nasal oxygen could be started (2, 4, 99].

Future research

Although the available clinical data for adult application of NHF are increasing over time, there are still
some unanswered questions regarding practical aspects of its use. In cases of hypoxaemic ARF, most of the
published trials include study population with different causes of ARF (i.e. pneumonia, pulmonary
oedema, asthma exacerbation, efc.) of varying levels of severity, which could confuse the results.
Undoubtedly, specific randomised clinical trials are needed to make recommendations for each separate
cause. Moreover, different NHF initial settings, titration and weaning approaches could potentially be
required in each separate disease, given the different pathophysiological underlying mechanisms. In case of
hypercapnic ARF, controlled trials are needed to clarify the role of NHF and whether it could be used
instead of and/or during breaks in NIV. Additionally, the haemodynamic effects of NHF should be studied
in detail, such as NHF effects on cardiac output, heart pressures and pulmonary vascular resistance.

Conclusion

The beneficial effects of NHF over SOT are reported in most of the studies. The more stable Fio,, carbon
dioxide washout effect, positive airway pressure generation and effective hydration of the administrated gas
are the main mechanisms behind the greater perceived comfort and tolerance by the patient, more
effective oxygenation and the improved breathing pattern with less dyspnoea. However, there is a great
need for further research with physiological and randomised controlled studies in specific diseases and
types of respiratory failure, in order to find out which patient will benefit the most from NHF therapy.
Special attention should be given to the settings of Fi0, and flow rate per disease, and the maximum safe
duration of NHF application before the initiation of NIV or invasive mechanical ventilation. Until then,
the choice of oxygen supplemental treatment should be personalised and based on the patient’s clinical
status, underlying disease, severity of hypoxaemia, coexistence of hypercapnia and patient tolerance and
comfort.
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