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Safe Use of High-Flow Nasal Oxygen (HFNO) With Special
Reference to Difficult Airway Management and Fire Risk

byJeremy Cooper, MB, ChB, FANZCA; Benjamin Griffiths MBBCh, FRCA; and Jan Ehrenwerth, MD

INTRODUCTION

High-Flow Nasal Oxygen (HFNO) administra-
tion is a relatively new technique that is used in
the intensive care unit (ICU), and increasingly in
the operating room (OR). HFNO has become
popular in the ICU for management of patients
with acute hypoxemic respiratory failure when
attempting to avoid intubation or to help after
extubation. In some anesthesia contexts, HFNO
has been referred to as THRIVE—an abbrevia-
tion for Transnasal Humidified Rapid-Insuffla-
tion Ventilatory Exchange. Active research is
ongoing as to the wider applications of HFNO.
This brief current review will discuss the under-
lying mechanisms of HFNO, its potential use in
clinical anesthesia practice, and the risks and
benefits of such use. It focuses on the use of
HFNO in adult patients, not children.

HFNO MECHANISM
AND COMPONENT PARTS

There is a marked difference between
oxygen administration with standard low flow
nasal cannulae and HFNO. When patients are
administered low flow nasal O,, the oxygen
flow rates are typically between 2-10 liters/
minute (L/M). Spontaneously breathing patients
typically have an inspiratory flow rate (IFR) of
20-40 L/M. Once the IFR exceeds the flow of
O, coming from the nasal cannulae, room air
will be entrained which dilutes the FiO,. The
effective delivered oxygen concentration
(which reaches the lungs) is usually 25-30%, if
a patient is receiving 2—4 L/M of nasal O,.

In contrast, HFNO uses oxygen flows of
50-100 L/M. With this technique, the high flows
delivered via the specially designed nasal can-
nulae now exceed the patient’s IFR. Therefore,
there is little entrainment of room air which
allows the delivery of a high FiO, (95—-100%).

The components of a HFNO system are

1. An electrically powered high-pressure
oxygen/air supply (ideally with a blender to
blend air into the gas flow to reduce the FiO,
if needed)

2. A flowmeter capable of flows of up to 100
liters per minute

3. A humidifier capable of fully humidifying the
inspired oxygen/air mixture

4. Wide bore tubing to deliver gas from the gas
supply to the nasal cannulae

5. Specialized wide bore nasal cannulae, which
convey the oxygen/air blend from the gas
tubing to the patient’s nose.
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Reproduced and modified with permission from
Fischer and Paykel Healthcare.

BENEFICIAL PHYSIOLOGIC
EFFECTS OF HFNO

HFNO has a number of beneficial effects not
provided by standard nasal cannula. At high
flow rates, it can provide continuous positive
airway pressure (CPAP), washes out CO, from
the respiratory dead space, and assists the pro-
cess of oxygen diffusion into the alveoli (replac-
ing oxygen which has been absorbed).™® In
addition, it can reduce the work of breathing
and reduce airway resistance.*

HFNO is capable of delivering very high gas
flows with high FiO, or oxygen/air blends to
anesthetized, sedated, or awake patients.
Depending on the physiology of the patient,
HFNO may have benefits for clinical anesthetic
management, but it is important to recognize
that use of HFNO has its own inherent risks.
Several applications of HFNO are described
below, each with its potential benefits and risks.

Clinical applications of HFNO with specific

benefits and risks:

1. Improving preoxygenation before induction
of general anesthesia (GA)
Preoxygenation using HFNO can be a good
alternative to standard preoxygenation,
which is usually performed with an FiO, of 1.0
delivered via a closed anesthesia breathing
circuit and an appropriately fitted face
mask.>® HFNO is well-tolerated by awake

patients at flow rates of 30—40 liters per
minute, provides effective preoxygenation
without the use of a facemask, and provides
ongoing CPAP, which reduces pulmonary
shunting. In addition, the preoxygenation
with HFNO can be continued into the peri-
intubation period of oxygenation.

2. Providing ongoing oxygenation and CO,

removal for patients during intubation

The use of HFNO during the intubation pro-
cess can extend the time interval until criti-
cal desaturation through the delivery of
apneic oxygenation. This is especially
attractive during a Rapid Sequence Intuba-
tion (RSI), where mask ventilation is not per-
formed prior to intubation.! Another benefit
of providing HFNO during intubation is that
CO, accumulation is limited, especially in
the first 20 minutes,' due to the effect of
HFNO washing out CO,. This effect can be
especially useful for difficult intubations
which may require more time to secure the
airway. One important aspect of HFNO use
to be aware of in this context is that the
patient is not receiving a volatile anesthetic.
Thus, supplemental intravenous anesthesia
should be provided during this time period.
In addition, if the time interval of HFNO is
prolonged (more than 20 minutes), then
methods for providing additional ventilation
and CO, removal are required.! Twenty min-
utes is a guideline, and will vary depending
on the physiology of the patient.

. Providing effective oxygenation during

awake oral or nasal fiberoptic or video-
scopic intubation

With HFNO use, patients undergoing awake
orotracheal intubation have improved O,
delivery and receive some CPAP while the
oral airway is unobstructed for intubation.
Surprisingly, CPAP is delivered even if the
mouth remains open although it is less effec-
tive than when the mouth is closed.? Topical
anesthetic preparation and subsequent fiber-
optic nasal intubation can be achieved by
working around the nasal cannula, when a
nasal intubation is desired. However, the
nasal cannula on the side of intubation must
be removed prior to nasotracheal tube place-
ment. HFNO may also benefit patients with
partially obstructed airways undergoing
awake intubation because of its ability to
reduce both the work of breathing and
airway resistance.

See “HFNO,” Next Page
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Indications and Contraindications for High-Flow Nasal Oxygen (HFNO)
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4. Providing respiratory support after extubation

Patients who have recently been extubated
and require partial respiratory support to
maintain oxygenation/ventilation may benefit
from HFNO.23 HFNO provides a well-toler-
ated form of CPAP (at the level of 3—4 cm
H,O with the mouth open) in addition to
oxygen delivery. It does not cover the mouth
so patients can talk while using HFNO. It is
arguably a simpler technology to set up and
use compared to many CPAP/ventilator
machines and masks. However, one identifi-
able risk is that casual removal of the HFNO
(by providers assuming it is “standard low-
flow nasal oxygen”) may result in an acute
hypoxemia and respiratory insufficiency.

5. Providing oxygenation, reducing work of
breathing, and facilitating CO, elimination
for use during surgical procedures
HFNO can be beneficial for sedated or even
anesthetized (with IV medications) patients
who are breathing spontaneously and even
with some procedures requiring periods of
apnea.” The benefit is that adequate oxy-
genation and ventilation can be provided,
and yet the oral aperture, larynx, face, neck
and all other areas apart from the nose are
free to be operated upon. This could include
cases with a partially obstructed airway, such
as patients undergoing a tracheostomy.

CONTRAINDICATIONS TO
AND RISKS OF HFNO
Suggested relative contraindications to
HFNO are
1. Partial nasal obstruction

2. Disrupted airway, e.g., laryngeal fracture,
mucosal tear, or tracheal rupture

3. Need for laser or diathermy (electrosurgery)
in proximity to the administration of HFNO

The Fire Triangle

which increases fire risk. (This changes to an
absolute contraindication under many cir-
cumstances that involve an FiO, of >30%.)

4. Contagious pulmonary infections, such as
tuberculosis

5. Nasal infection resulting in pulmonary seeding
with HFNO use is a theoretical concern. How-
ever, there is no evidence to date that demon-
strates pulmonary seeding with HFNO

6. Contraindications to high concentrations of
oxygen (e.g., prior bleomycin chemotherapy)

7. Inability to tolerate hypercarbia if HFNO is
used with prolonged apnea (e.g., patients
with sickle cell anemia, pulmonary hyperten-
sion, intracranial hypertension, and some
forms of congenital heart disease)

8. Children under the age of 16. Cases of air-
leak syndrome (i.e., pneumothorax) have
been reported with HFNO use in children
below the age of 16.% These were serious
events and suggest that research and expert
guidance is warranted to determine the safe
use of HFNO in children.

Absolute contraindications to HFNO are
1. Use of alcohol-based skin preparation solu-

tions in combination with HFNO, which

increases the fire risk

2.Known or suspected skull base fractures,
CSF leaks, or any other communication from
the nasal to the intracranial space

3. Significant pneumothorax which has not
been treated with a chest tube. The CPAP
effect may expand the pneumothorax.®

4, Complete nasal obstruction

5. Active epistaxis or recent functional endo-
scopic sinus surgery (FESS).

The application of a tightly sealed mask on
top of HFNO cannulae could potentially create
too much pressure if the anesthetic machine
APL valve is closed, which is why the manufac-
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Figure 1. lllustrates the three elements needed to initiate a fire: oxygen, fuel, ignition source.

Reproduced from the APSF 2014. Fire Safety Prevention Poster https://www.apsf.org/safetynet/apsf-safety-videos/or-fire-safety-

video/ Accessed on August 20, 2018.

turers of one HFNO device advise against this
(The Fisher and Paykel Optiflow. Fisher and
Paykel Healthcare Limited, Panmure, Auckland
1741, New Zealand).

Some additional scenarios posing potential
risks with HFNO use

The authors are not advocating for or
against the use of HFNO for these scenarios.
We are simply pointing out some of the more
important considerations in the risk/benefit
analysis of this approach, which is especially
important as it is already part of existing prac-
tice for some clinicians.

1. HFNO delivery under the surgical drapes

A specific risk apart from those mentioned
under contraindications is the potential fire risk
when HFNO is delivered under surgical
drapes. The oxygen-rich environment created
with high FiO, HFNO only needs a trigger
(such as diathermy) to ignite, while drapes and
swabs in the surgical field can serve as a
potential fuel source.” The risk with this kind
of oxygen “pollution” has been seen in videos
of mock ignition." Important factors impacting
the fire ignition risk include duration of HFNO
use, adhesion of drapes to create barriers to
O, flow, flow rate, FiO, of HFNO, and OR room
air exchange rates. If HFNO is used in this con-
text, particular care must be taken with all
three parts of the fire ignition triad—namely
the HFNO flow rate and FiO,, the fuel sources,
and the use of ignition devices. The FiO, can
be adjusted (down to room air) with an air/
oxygen gas blender. This will reduce the fire
risk, while maintaining some benefits of HFNO
to patient care.

2. Performing an emergent awake tracheostomy
in patients with partial airway obstruction

Performing an emergent awake tracheostomy
may be required for patients who have severe
partial airway obstruction."* HFNO has been
employed for performing an emergent awake
tracheostomy in this context, which may also
include the use of sedation." The benefits of
the HFNO-with-sedation technique include
improved oxygenation and time to desatura-
tion, decreased work of breathing, and poten-
tially a more cooperative patient. The specific
risks include the potential loss of the airway
and hypoxia. Furthermore, depending on the
amount of FiO, used with HFNO, the risk of
airway fire may be increased compared with
traditional methods of oxygen delivery.

3. Elective airway surgery

HFNO may be useful during elective surgical
procedures such as on the airway (e.g.,
microlaryngoscopy) where sedation or IV GA

See “HFNO,” Next Page
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Precautions Should Be Taken to Prevent HFNO-Related Fires
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is often used.'® In this setting, HFNO can be
used with spontaneous ventilation. If periods
of apnea are required, intermittent bag mask
ventilation can be used to address the slow
build-up of CO,. The benefits of HFNO in this
setting include improved oxygenation (even
with prolonged apnea), decreased work of
breathing, and even some CO2 removal
which results from HFNO washout.

The risk of HFNO use for elective airway sur-
gery is oxygen contamination of the opera-
tive field, which increases the fire risk both at
the surgical site and the upper half of the
patient covered by surgical drapes. This risk
is especially relevant where lasers or dia-
thermy (ESU) are used (Figure 1).

Providers must balance the benefits of
improved oxygenation and ventilation provided
by HFNO with the potential fire risk. Modern jet
ventilators that are used during microlaryngos-
copy'™ have specific safety features to lower
the FiO, when a laser will be used. Jet ventila-
tion frequently entrains room air, which will
decrease the FiO,. However, the resultant FiO,
is variable and, therefore, frequently unknown
to the anesthesia professional. Part of the risk
profile of HFNO is that it is often configured for
use only with 100% oxygen, and there may be
no way to reduce the FO..

The manufacturers of one version of a com-
monly used HFNO system—The Fisher and
Paykel Optiflow (Fisher and Paykel Health-
care Limited, Panmure, Auckland 1741, New
Zealand)—clearly state: “To avoid burns...Do
not use the system near any ignition source,
including electrosurgery, electrocautery, or
laser surgery instruments. Exposure to
oxygen increases the risk of fire.” The medi-
cal warning is clear. In addition, this statement
will likely be part of any medico-legal action if
a fire should occur while using HFNO. This
caution, however, has not stopped the use of
HFNO in clinical practice and research into
the use of HFNO during laser laryngeal sur-
gery.” An OR fire case involving HFNO has
already been reported.’

GUIDING CONSIDERATIONS TO
ASSESS FIRE RISK OF HFNO USE:
Some authors have distinguished between
accidental flash flames and spreading flames
the latter of which causes more damage
(burns).” Reports of HFNO fires have not
been reported frequently enough to make a
judgement about the kinds of flames pro-
duced and more research is indicated.

¢ We do not have a clear idea of overall ignition
frequency with cases performed under alter-
native ventilation techniques; thus, compara-
tive fire risk is unknown.

» Using an oxygen/air blender to reduce the
FiO, with HFNO should help to reduce the
risk of fire.

¢ HFNO is a new technology and the reports of
two fires described at this early stage of adop-
tion may herald more fires in the future as
HFNO gains in popularity. ' Practitioners must
exercise extreme care to reduce the fire risk.

» To date, no patient harm has been reported.

e The oxygen “pollution” around the head and
neck area from HFNO use has not been
comprehensively studied. An APSF video
which focuses on intraoperative fire risk indi-
cates that any oxygen concentration greater
than 30% in the head and neck area creates
an increased fire risk, especially for proce-
dures in that area.”™

FUTURE CONSIDERATIONS
Itis likely that an increasing number of anes-
thesia professionals will utilize HFNO in the
operating room. One obstacle is that the HFNO
equipment must be brought into the operating
room and assembled every time it is used. In
the future, HFNO could be designed to directly
connect to the anesthetic workstation for easier
use. Due to regulatory and manufacturing limi-
tations, however, it is unlikely that such modifi-
cations to incorporate HFNO apparatus will
soon be available. Anesthesia professionals
should encourage manufacturers to recognize
these issues and work towards adding this fea-

ture to the next generation of machines.

CONCLUSIONS

HFNO is a novel system of respiratory sup-
port, which allows delivery of oxygenation at
variable concentrations, reduces the work of
breathing, provides CPAP, and assists in CO,
removal. While it has a number of potential uses
in anesthetic and perioperative practice, it also
has definite relative and absolute contraindica-
tions. The potential risks of harm with HFNO
use are probably underappreciated. Many
questions regarding benefits and safety in spe-
cific clinical contexts remain. Before using
HFNO, education and insight into its use is
highly recommended.
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