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Abstract

More than fifteen years ago clinicians’ saw the introduction of a new form of noninvasive respiratory support which is now commonly known as Nasal High Flow
(NHEF) therapy. Today this therapy is used throughout hospitals and, in the home settings. This narrative review of the evidence will characterize: NHF mechanisms
of action, therapeutic efficacy, contemporary delivery, and strategies for clinical applications.

Introduction

Since the 1940’s the ubiquitous conventional oxygen therapy (COT)
has been in use providing both limited flows and concentrations of
unconditioned supplemental oxygen. In reality these cannulas have
several inherent limitations.

More than fifteen years ago clinicians’ saw the introduction of a
new form of noninvasive respiratory support now commonly known as
Nasal High Flow (NHF) therapy. Today this therapy is used throughout
hospitals and in the home settings. This therapy was designed for use
within conjunction with specially designed nasal cannula and medical
humidifiers. These humidifiers are capable of conditioning the delivered
gases, thus fully humidifying (100% saturated with H,0O) and heating
these gases to body temperature (370°C). Consequently, the discomfort
and drying of upper airway mucosa seen with COT is now offset. This
therapy had first become a standard of care for infants, children, and
preterm neonates with flows of > 2 L/min/kg demonstrating a distending
pressure akin to nasal CPAP; and today NHF is in use for adults.

Therapeutic flows for adults are in the 10 to 60 L/min range; with
an option to independently blend air/O, thus reliably titrating the
FiO, delivered between 21 to 100%. This change in practice has been
driven by the number of confirmed clinical benefits seen compared
to conventional respiratory therapy. There is considerable reliable
published evidence which substantiates the proposed mechanisms
of action. The efficacy of this therapy across a variety of clinical
applications and settings has been confirmed, however further research
is warranted. This review will characterize: NHF mechanisms of action,
therapeutic efficacy, contemporary delivery, and strategies for clinical
applications.

Nasal high flow mechanisms of action

The efficacy of this therapy has been demonstrated through the
interplay of a series of mechanisms which are distinct to NHE.

Respiratory support

Many physiological benefits have been demonstrated with the
application of NHF therapy, both in healthy volunteers, and those
with acute and chronic illness. The physiological effects of NHF on gas
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exchange, inspiratory effort, minute ventilation (MV), lung volume,
dynamic compliance, transpulmonary pressure, work of breathing and
pulmonary homogeneity have been assessed both with standard clinical,
and additional advanced measures, such as trans esophageal pressure,
electrical impedance, respiratory inductance plethysmography and
ultrasound [1,2].

It is accepted that NHF improves breathing efliciency as
demonstrated by an increase in tidal volume and reduction in respiratory
rate, at a constant minute volume [3,4]. Mauri T et al. [1] considered the
use of NHF in patients with acute hypoxemic respiratory failure. NHF
improved oxygenation; reduced the patient’s effort; reduced the minute
ventilation needed to obtain a physiological PaCO, level; increased the
end-expiratory lung volume; and improved dynamic compliance, trans
pulmonary pressure, and ventilation homogeneity. These outcomes
might confirm the clinical efficacy of NHF therapy.

Itagaki T et al. [2] evaluated levels thoracoabdominal asynchrony
using respiratory inductance plethysmography. Thoracoabdominal
asynchrony was improved with NHF compared to COT. Additionally,
respiratory rate and minute volume were lower with NHE, whilst PaCO,
and tidal volume remained unchanged.

Washout of the anatomical dead space

NHF therapy continuously flushes the dead space volume of
expired CO, (normally present in the nasopharynx) much like tracheal
gas insufflation [5]. The CO, flushing effect is flow dependent. This
effect then optimizes the proportion of the potential minute ventilation
available for gaseous exchange. More specifically, the turbulence flushes
CO, from the nasopharynx, augmenting respiratory efficiency by
reducing the fraction of inspired CO, whilst raising FiO,. The flushed
dead space is then filled with O, ready for the next inspiration. It this
this mechanism that is often thought to drive the both the reductions
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in respiratory rate and work of breathing often seen. This effect is
correlated with increases in NHF flow as opposed to increases in
pressure [6]. Given the fact that NHF is an open system (non-sealed)
the volume of dead space flushed cannot be precisely determined.

Delivery of a dynamic level of positive pressure

A low level dynamic positive pressure effect within the
nasopharyngeal and esophageal anatomy has been demonstrated
in adults, infants and neonates [7-13]. This phenomenon has been
confirmed both in studies of both healthy and non-healthy participants
[7,8] in patients with stable COPD and idiopathic pulmonary fibrosis
[9] and post cardio thoracic surgery [10-12]. Corley A et al. [11]
evaluated both the pressure effect and end-expiratory lung volume
using electrical lung impedance tomography. The research found that
end-expiratory lung volume was greater with NHE, than with COT;
which suggests an association between the NHF pressure effect and
enhanced lung volumes.

The pressure generated by NHF therapy is dynamic it varies across
the breath cycle. There is a demonstrated peak at end expiration due to
the resistance generated against the incoming flow. During inspiration
a low level of pressure exists which provides a small amount of
inspiratory assistance which may counterbalance auto-PEEP (through
the aforementioned end expiration pressure effect). This phenomenon
is especially relevant for patients with high levels of intrinsic PEEP, for
example, in COPD. The pressure levels seen are variable, NHF is an
open (non-sealed) system, and the size of the cannula relative to the
nares has an effect as does individual lung compliance.

The pressure recorded during breathing with NHF correlates
linearly with the NHF flow rate and is significantly higher when mouths
are closed. Parke RL et al. [12] observed in adults, that for each increase
of 10 L/min flow rate the mean airway pressure increased by 0.69 cm
H,O (p, .01). When subjects breathed with their mouths closed the
pressure increased by 0.35 cm H,O (p, .03) [12]. For infants and neonates,
the pressure seen is approximate to that seen with nasal CPAP [13,14].

Supplemental oxygen

In some circumstances NHF therapy with air alone is thought to
be able to demonstrate beneficial effects, however if supplemental O,
is required there is the option to titrate it in. For patients with a high
inspiratory flow demand COT is often unable to meet the required
flow needs, therefore room air is entrained diluting the delivered FiO,.
This entrainment varies breath by breath (as does the inspiratory flow
demand) so the actual concentration of delivered O, is unknown which
could precipitate either a hyperoxic or a hypoxic event. In contrast, and
in many cases, NHF has the ability to meet or exceed the inspiratory
flow demand therefore less entrainment of room air occurs, as a result
the desired FiO, is more reliably delivered [7,15]. In some extreme cases
the inspiratory flow demand may even exceed the flow capabilities of
NHE nonetheless NHF still performs better than COT [16].

Airway hydration

The conditioning of gases to body temperature 37°C and 100%
humidified and delivered by NHF is known to enhance comfort for
and tolerance by patients [17,18]. There are a series of other anticipated
benefits, some of which are speculative:

o Desiccation of the airways may be avoided, thus supporting both
the integrity of muco-ciliary function, and subsequent secretion
clearance [19].
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e Minimizing the bronchoconstriction associated with the delivery of
cold, dry gas as delivered per COT [20].

o Relief of the metabolic burden of conditioning the inspired gas for
vulnerable / high acuity patients.

Therapeutic efficacy - clinical outcomes

The therapeutic efficacy of NHF is rapidly evolving and driven both
by the published evidence and the preference of clinicians. This therapy
has been described in use in domiciliary settings and throughout the
hospital on patients with differing clinical acuities and presentations.

Respiratory failure

Respiratory failure type I

Patients with respiratory failure (whatever the cause) need
significant levels of respiratory support in order to avoid escalation.
Traditionally the primary therapy has involved COT, NIV and or
intubation. In 2010 the first observational study of NHF vs. COT was
published, NHF was deemed superior for comfort and respiratory rate
and SpO, [21]. NHF has been found to be effective for patients with
all severities of respiratory failure. Frat JP et al. [22] determined that
neither NIV nor NHF decreased the rate of intubation among patients
with hypoxemic AREF. In contrast, intubation rates did trend lower with
NHF (p = 0.18). NHF use resulted in reduced mortality both within
the ICU and up to 90 days. Of note the mortality rates with COT were
x 2 NHF (p = 0.046), and with NIV x 2.5 that of the NHF (p = 0.006).
For the subgroup with PaO,: FiO, < 200 mmHg a significantly lower
28-day intubation rate (p = 0.009). NHF might therefore be considered
as a first-line strategy in these patients, conversely NIV should be used
cautiously as it may potentially worsen pre-existing lung injury [23].

Respiratory failure type I1

There is some evidence to suggest that NHF therapy can support
patients with some types of hypercapnic respiratory failure [24-27].
Patients with hypercapnic respiratory failure frequently present, and
have been historically managed with NIV which is often not well
tolerated. Millar J et al. [28] have reported the use of NHF for the
successful management of a patient unable to tolerate NIV. Braunlich
J et al. [9] evaluated the use of NHF both in healthy volunteers, and
those with COPD, and idiopathic pulmonary fibrosis (IPF). Nasal High
flow use was associated with an increased tidal volume in the COPD
and IPF groups, whilst respiratory rate and minute volume decreased
in all groups.

Immunocompromised

The needs of the immunocompromised patient are complex,
with ARF being the most common complication. Careful selection of
any intervention is vital NIV has been recommended as a first-line
strategy despite the fact that studies have reported no benefit and even
deleterious effects related to NIV. Retrospective reports of NHF use for
these patients have suggested efficacy, however in a large randomized
study NHF was not deemed superior to COT for rates of 28-day
mortality [29]

Post-extubation

Effective post extubation respiratory support is vital to avoid re-
intubation and associated increases in ICU and in-hospital length of
stay and mortality. In patients at high risk for reintubation NHF was
noninferior to NIV [30]. In patients at low risk for reintubation NHF
was superior to COT [31].
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Palliative care / do-not-intubate

Nasal High Flow is emerging as an effective and ethical alternative
to NIV for end of life care. Peters SG et al. [32] assessed the efficacy
of NHF in patients with a do-not-intubate (DNI) and with hypoxemic
respiratory failure. The comorbid conditions of those studied
included: pulmonary fibrosis, pneumonia, COPD, cancer, hematologic
malignancy, and CHE The minority (18%) required escalation to NIV,
and 82% were maintained on NHE.

Procedural sedation

Hypoxemia is common during procedural sedation and
supplemental oxygen often necessitated. Nasal High Flow has been
used to provide a practical solution to both prevent and treat hypoxic
events during bronchoscopy [33], gastroscopy [34], trans-esophageal
echocardiogram [35], bronchoalveolar lavage [36], during dental
surgery [37].

Peri intubation

Intubation of the unstable ICU patient is often associated with
significant complications, the use of NHF in this setting is a current
research priority. NIV can be applied to preoxygenate these patients
however during laryngoscopy it must be removed, thus depriving a
patient of O,. In contrast NHF cannula do not need to be removed and
are able to deliver high flows and high concentrations of O, throughout
the procedure including the apneic period of tracheal intubation.
Miguel-Montanes R et al. [38] compared the pre- and peri procedure
oxygenation with non-rebreathing bag reservoir face mask and NHF
during the intubation of 101 ICU patients, the authors concluded that
NHF a could improve patient safety during intubation in ICU as the
prevalence of severe hypoxemia was significantly reduced.

Post-operative

Differing forms of respiratory support have been used to reverse
post-surgical respiratory complications. NIV is recommended for
the curative and prophylactic management of ARF in post-operative
patients in ICU. However recent studies suggest that NHF may have a
role to play.

A large-scale randomized post cardiothoracic study suggested that
NHF was equally good as NIV. No significant differences were seen
for rates of treatment failure or ICU mortality (p, 0.66) [17]. In a study
of post lung resection patients, similar results were observed in the
difference between pre-operative and postoperative 6-min walk test
and spirometry between NHF and COT. Length of hospital stay was
significantly lower in the NHF group and NHF reduced mortality both
in the ICU and up to 90 days [39]. In a study of post abdominal surgery
patients, no differences for postoperative hypoxemia, pulmonary
complications or length of hospital stay were found between the two
groups studied [40].

Others

There are many emerging / proposed applications for NHE. We
await the conduct of further efficacy studies with appropriate and robust
methodologies. The scope of the applications is very broad possibly
reflecting the versatility of this therapy, for example: acute pulmonary
oedema [41], acute heart failure [42], and cystic fibrosis [43].

Contraindications for NHF

The adoption of NHF therapy is now widespread. No absolute NHF
contraindications have ever been reported in the literature, consequently
the contraindications for NIV may be applied (Table 1) [44].
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Nasal high flow delivery
There are three options available for the delivery of this therapy

1. An air/oxygen blender, a heated humidifier, a single heated
circuit, and a dedicated nasal cannula. The flow source is the air/oxygen
blender, the inspiratory fraction of oxygen (FiO,) is set from 0.21 to 1.0
in flows of up to 60 L/min. Medical oxygen and air are required. The
gas is heated and humidified with a humidifier and delivered through a
heated circuit (Figure 1).

2. A specialist ventilator with a high flow mode, with a heated
humidifier, a single heated circuit, and a dedicated nasal cannula. The
flow source is the ventilator, the inspiratory fraction of oxygen (FiO,)
is set between 0.21 to 1.0 and flows of up to 60 L/min. Medical oxygen
and air is required. The gas is heated and humidified with a humidifier
and delivered through a heated circuit.

3. A specialist independent NHF flow source with an inbuilt heated
humidifier, for example AIRVO ™ Fisher & Paykel Healthcare, a single
heated circuit, and a dedicated nasal cannula. The flow source is the
specialist unit, the inspiratory fraction of oxygen (FiO,) is set from
0.21 to 1.0 with flows up to 60 L/min. Only medical oxygen is required
air is entrained into the flow source. The gas is heated and humidified
with an inbuilt humidifier and delivered through a heated circuit. This
particular flow source may be used in the home and, or anywhere
within a hospital setting (Figure 2).

The specialist nasal cannula (patient interface) are available
in a range of sizes (neonates to adults), there is also an option of a
tracheostomy interface. These specialist cannulas are designed for
maximum comfort and stability. A major difference between NIV and
NHEF is the interface. NIV interfaces increase anatomical dead space,
whereas NHF interfaces decrease dead space (Figure 3).

Nasal high flow strategies for clinical applications

Clinical outcome data for NHF has rapidly emerged, and so too
are the reliable recommendations on practical applications of its use.
This data combined with the data from the relevant physiological
and mechanistic studies can inform clinical decision making around
appropriate patient selection. Many physiological and mechanistic
studies have demonstrated that the beneficial effects demonstrated
are related to flow rate. Published studies, involving adults describe

flow meter

= O

= o)

= nasal cannula £
air-oxygen blender

heated inspiratory circuit

active humidifier

Figure 1. Delivery of high-flow nasal therapy via an air oxygen blender and heated
humidifier
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Figure 2. Delivery of high-flow nasal therapy via an independent flow source with built in
humidifier and blender

Figure 3. Adult high-flow interface

Table 1. Contraindications to NIV

Level of consciousness compromised
a. Unresponsive

b. Agitated

c. Uncooperative

2. Claustrophobia
3. Airway obstruction or unable to be maintained
4. Craniofacial injury or malformation
Unstable hemodynamics
5 a. Shock
: b. Intractable arrhythmia
c. Post-CPR
6. Respiratory and or cardiac arrest either imminent or recent

starting flow rates of 20, 25, 35 L/min, but the majority start at 50 L/
min [45]. Logic would then suggest that flow should be adjusted first
and then FiO, titrated to maintain a target oxygenation. Flow rates on
commercially available devices differ but range from 5 to 60 L/min.

It would be reasonable to expect that an increase in flow and or
FiO, or would be expected to improve gaseous exchange, due to the
reduced entrainment during inspiration. The requirement to up titrate
or conversely down titrate is reliably demonstrated by changes in
respiratory physiology particularly respiratory rate. An index known as
the ROX index has been validated for use with patients with ARF and
pneumonia, the index can identify patients at low risk for NHF failure
[46]. The index is defined as the ratio of SpO,/FiO, to respiratory rate.
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Escalation/ up titration in adults

When aiming to increase SpO,, up titration of flow is preferable to
raising FiO,. However, if SpO, falls substantially below an acceptable
target, increases in FiO, can potentially raise the PaO, more rapidly.
Additional increases in flow rate can then be used to maintain targeted
SpO, while FiO, is lowered to nontoxic levels.

Tolerance of continuous NHF for prolonged periods (many days)
is high. As with all forms of respiratory support there are limitations
and patients on this therapy should be adequately monitored. Just
as described with NIV, Clinicians’ may fail to recognize subtle
signs of failure and a need to escalate care, which if delayed has
consequences [47].

De-escalation in adults

When aiming to deescalate or wean from NHF it is recommended
to wean the FiO, first then the flow. A proposed weaning strategy
involves first reducing FiO, to 40%, then flow in increments of 5 L/
min [45].

Research focus areas

Much of the published research has been conducted within the
high acuity arena such as the ICU. Further studies with appropriate
and robust methodologies are needed to confirm the efficacy of NHF
over other forms of respiratory support in specific populations and
conditions in differing settings. This will assist in the development
of clinical practice guidelines, and to provide an evidence base to
potentially extend the scope of application of this therapy.
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