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Abbreviations

BMI  Body mass index

EELI  End-expiratory lung impedance
EELV  End-expiratory lung volume

EIT Electrical impedance tomography
FiO,  Fraction of inspired oxygen

NHF  Nasal high flow

17.1 Introduction

Traditionally, oxygen therapy has been provided by way of a range of devices such
as nasal prongs, face masks, and nose masks, the design of which has changed little
since the initial versions were developed more than 80 years ago. Limitations to the
provision of oxygen by conventional systems exist, including patient discomfort
and intolerance, inaccurate delivery of oxygen, failure to provide flow equivalent to
inspiratory demand, drying of the airway, and treatment failure requiring escalation
of respiratory support. Nasal high-flow oxygen therapy (NHF) has come to be used
widely in the treatment of acute respiratory failure. NHF has been demonstrated to
be easy to institute, is comfortable to the patient, and achieves excellent adherence
to therapy [1].
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17.1.1 Nasal High-Flow Oxygen Therapy

Commercially available NHF systems have rapidly gained popularity among the
range of respiratory support devices and oxygen administration systems available to
clinicians. Advances in the design of heated delivery tubing and the development of
uniquely designed nasal interfaces have allowed the development of systems capa-
ble of delivering high-flow rates of heated, humidified, blended air and oxygen
directly into the nares, allowing delivery of optimally conditioned gas. Systems
comprise an air-oxygen blender (capable of delivering 21-100 % fraction of inspired
oxygen (Fi0,)), an active heated humidifier chamber, heated single-limb inspiratory
delivery tubing (which avoids heat loss and development of condensate in the cir-
cuit), and a uniquely designed large-bore nasal interface. This allows delivery of
blended air and oxygen at flows up to 60 I/min, heated to 37 °C and optimally
humidified to 44 mgH,O/1.

NHF has been suggested as an intermediate form of respiratory support posi-
tioned between traditional methods of oxygen delivery such as low-flow nasal can-
nulas and noninvasive ventilation [2]. It can be used as part of a continuum of
respiratory support, either as a tool for escalation of respiratory support in the acute
phase of illness or as a means of moving from higher support to lower support when
used during the weaning phase. NHF has been shown to reduce respiratory rate,
improve oxygenation, reduce carbon dioxide concentrations, and reduce the need
for intubation and escalation of respiratory support therapy.

17.2 Mechanisms of Action

17.2.1 Delivery of an Accurate FiO, to Meet or Exceed
the Patient’s Peak Inspiratory Flow Demand

The improvement in oxygenation seen with NHF may, in part, be due to less dilu-
tion of delivered oxygen. Oxygen dilution occurs in acute respiratory failure as
patients breathe with high peak inspiratory flows. As higher gas flows are achieved
with NHF, meeting or exceeding patient inspiratory demand, less entrainment of
room air and resultant dilution of oxygen concentration occurs. Studies have shown
that in healthy volunteers, the oxygen delivered by NHF systems approaches that
prescribed when the delivered gas flow rates were greater than the subjects’ peak
inspiratory flow rate [3, 4].

17.2.2 Washout of the Nasopharyngeal Dead Space

NHF removes the air contained in the nasopharyngeal cavity, reducing anatomic
dead space and enhancing alveolar ventilation and oxygenation [5, 6]. This dead
space washout also may result in higher resting oxygen saturation and potentially
enhances CO, clearance [7]. Experiments suggest that a steady flow assumption
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within the nasal cavity is invalid during natural breathing; however, it appears valid
with NHF. This may support the argument that NHF continuously flushes the naso-
pharyngeal dead space, which may enhance washout of carbon dioxide [8].

17.2.3 Provision of Optimal Humidity

Respiratory mechanics may be improved by the delivery of heated humidified gas
[6]. Mucosal function is impaired if gas is delivered above or below the optimum
level of temperature or humidity [3]. NHF provides conditioned gas that is opti-
mally humidified to 37 °C, 44 mgH,0/l. Improved mucociliary clearance has
been found in bronchiectatic patients using NHF for 7 days [9]. Active humidifi-
cation improves mucociliary function, facilitates secretion clearance, and
decreases atelectasis formation, which may improve the ventilation-perfusion
ratio and oxygenation [10].

17.2.4 Provision of a Flow-Dependent Positive
Airway Pressure Effect

Studies have demonstrated a degree of positive airway pressure is generated by the
provision of NHF. This positive pressure ranges from 2.7 to 7.4 cmH,0O at flows of
35-50 I/min and correlates directly with the flow administered; that is, increasing the
flow increases the pressure generated. Higher pressure levels were found in female
participants and when participants breathed with mouth closed [1, 11]. The degree of
positive airway pressure is dependent on the flow delivered, the geometry of the
upper airways, lung compliance and resistance, whether the patient is breathing
through their mouth or nose, and the absence of significant leak around the nares.
Mean (SD) airway pressures of 1.93 (x1.25), 2.58 (£1.54), and 3.31 (x1.05) cmH,O
were generated when patients breathed with their mouth closed while receiving 30,
40 and 50 I/min of NHF, respectively [12]. Furthermore, a positive linear relationship
was found between the flow delivered and the airway pressure generated. Regression
analysis of the mean airway pressure (Fig. 17.1) demonstrated that, for every 10 I/
min increase in flow, the mean airway pressure increased by 0.69 cmH,O in the
mouth-closed position and by 0.35 cmH,O in the mouth-open position [12].

17.2.5 Increase in End-Expiratory Lung Volumes

Electrical impedance tomography (EIT) has demonstrated that NHF increases both
end-expiratory lung volume (EELV) and tidal volume [13, 14]. Increases in end-
expiratory lung impedance (EELI) were significantly influenced by body mass
index (BMI), with larger increases associated with higher BMIs. Increases in EELV
may result in a reduction in the work of breathing, assist in prevention of small
airway closure, and lead to improved oxygenation due to reduced shunting [13].
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NHF was found to increase global EELI in both the prone and supine position,
which may represent an increase in functional residual capacity [14].

17.2.6 Enhanced Patient Comfort and Compliance

One of the perceived benefits of NHF is the enhanced patient comfort and tolerabil-
ity leading to improved compliance with the therapy [10, 15]. Tolerance of NHF has
been demonstrated in several studies and is presumed to be due to the provision of
optimal heat and humidity during the therapy to patients [10, 16, 17]. The optimal
humidity delivered by the system has been shown to reduce mouth and nasal dry-
ness when compared with dry oxygen therapy [10, 18, 19]. Also, because a nasal
interface is utilized as opposed to a face mask, patients can eat, drink, sleep, and
communicate more easily without removing the device. This has led to improved
patient comfort, fewer removals of the interface, and less oxygen desaturation when
compared with face mask oxygen therapy [20].

17.3 Clinical Outcomes and Indications

NHF offers a fast and sustained improvement in respiratory parameters in patients with
hypoxemic respiratory failure, ensures patient comfort over extended periods of time,
and has been shown to reduce respiratory rate, alleviate dyspnea, and improve oxygen
saturation in adult patients presenting to the emergency department and the intensive
care unit (ICU) [19, 21]. NHF can effectively be used to manage patients with mild to
moderate levels of hypoxemic respiratory failure, may prevent the need for intubation,
and can be used to provide respiratory support following extubation [22, 23].
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Table 17.1 Indications, cautions, and contraindications for NHF use

Indications for NHF include:

Acute hypoxemic respiratory failure

Patients in mild/moderate respiratory distress (whether hypoxic or not)
Patients who may benefit from optimal humidification

Poor compliance with oxygen therapy via a mask

To facilitate weaning from invasive or noninvasive ventilation
Patients requiring high FiO,

As an early alternative to noninvasive ventilation

During clinical investigations, e.g., bronchoscopy
Pre-oxygenation for intubation

Postoperative respiratory support

Exacerbation of chronic obstructive pulmonary disease, pneumonia, pulmonary edema,
or asthma

As part of palliative care and in do-not-intubate patients
Contraindications for NHF include:

Inability to protect airway, e.g., reduced level of consciousness
Presence of base-of-skull fracture

Maxillofacial trauma

Nasal obstruction, e.g., choanal atresia, nasal polyps, adenoids.
Life-threatening hypoxia

Foreign body aspiration

Use NHF with caution:

Severe agitation, inability to follow commands

Respiratory acidosis

Swallowing impairment

Recent upper gastrointestinal, airway, or neurosurgery

Facial burns

NHF is a useful treatment in patients with acute respiratory failure due to a
variety of causes [6, 10, 17, 19]. Evidence suggests NHF may avoid the need for
intubation in patients with acute lung injury and acute respiratory distress syn-
drome as well as hypoxemic respiratory failure. Oxygen therapy after extubation
is used to correct residual oxygen impairment. Several studies have demonstrated
the use of NHF post extubation to improve gas exchange, reduce respiratory rate,
improve comfort, and reduce the need for noninvasive ventilation and reintubation
[15, 23, 24].

Patients who are hypoxemic, show signs of increased work of breathing, or
require optimal humidity for secretion mobilization may all benefit from a trial of
NHE. Patients may be electively extubated to NHF if deemed to be at increased risk
for respiratory failure, for example, because of increased BMI, or NHF may be used
in alternating cycles with noninvasive ventilation to rest the patient from a face
mask and to provide periods for nutrition and oral care. Other indications are
described in Table 17.1.
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17.3.1 Instituting Nasal High-Flow Therapy

17.3.1.1 When Commencing NHF Therapy

e Explain to the patient that the system will deliver higher flows of warmed air/
oxygen by way of the nose. Give them the interface to feel the generated flow and
temperature. It may be useful to commence flows at a lower rate to allow the
patient to adjust to the sensation of heat, humidity, and flow and then slowly
increase flow to desired levels as tolerated. Most commercial systems have a
range of interfaces available that must be sized appropriately for the patient to
ensure success. All NHF must be adequately warmed to 34-37° to assist with
patient comfort and provision of humidity. Ensure tubing is supported so it does
not pull on the nasal cannula.

¢ Commence at 30-35 I/min and an appropriate FiO, as determined by need based
on oxygen saturations. FiO, can be set at 21-100 % dependent on measured
oxygen saturation and goals for the patient.

* Encourage patient to breathe in and out through the nose with their mouth closed
if possible, thereby slowing inspiratory and expiratory time and maintaining
optimum pressure.

* Increase flow in 5 I/min increments to a maximum of 50-60 1/min, depending on
patient need.

¢ When weaning, decrease NHF oxygen first to 40 %, then decrease flow in 5 I/min
steps to baseline. In practice, patients often “self-wean” when their condition
improves.

17.3.1.2 Monitoring

It is preferable to have continuous monitoring of heart rate, respiratory rate, and
oxygen saturations. Blood gas measurements may be undertaken as per local proto-
col or as clinical need dictates.

17.3.1.3 Documentation

Staff should ensure that regular documentation of therapy includes the flow and
FiO, delivered, respiratory rate, heart rate, and oxygen saturations. Acceptable
parameters should be prescribed describing target oxygen saturations and allowable
flow and FiO,.

17.3.2 Other

Provide regular oral care as per local protocol. Nebulizer spacers or a “T” piece can
be used in conjunction with NHF to deliver aerosol therapy. Patients may also be
successfully managed on some wards with NHF either in the case of deterioration
in respiratory function or following transfer from the ICU where therapy has already
been instituted. Care must be taken, however, to set realistic limits on the flow that
can be delivered in a ward environment, the FiO, that is appropriate for ward use,
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and at what point further advice and management should be sought from specialist
ICU teams. For example, call intensive care for further advice if >50 % FiO, and/or
>40 1/min flow.

It is important to recognize that NHF may not be successful in all situations and
that an escalation protocol should be made available to staff that encourages higher-
level respiratory support in the case of increased respiratory distress, desaturation/
apnea, increased PCO,, or further clinical deterioration.

17.4 Discussion

The utilization of NHF has expanded rapidly since its introduction, and NHF is now
seen as a useful treatment option in patients with acute respiratory failure, improv-
ing oxygenation and patient comfort and reducing respiratory rate. There is growing
evidence that NHF is associated with a number of beneficial mechanisms not typi-
cally seen with traditional oxygen therapies.

Further research will help to define appropriate boundaries between nasal high
flow and traditional forms of respiratory support such as noninvasive ventilation.
Further work is also required to determine optimal patient selection, reliable indica-
tors of success and/or failure, and its place and therapeutic value in novel patient
groups such as rapid sequence induction, bronchoscopy, transesophageal echocar-
diography, and other procedures where sedation is required.
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