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ABSTRACT
Introduction: Heated Humidified High flow nasal cannula (HFNC) is a promising noninvasive
respiratory support that is gaining popularity in both adults and children because of excellent patient
tolerance and ease of administration in varying etiologies of respiratory distress. Objectives: of the current
article are to review the physiology and practical aspects of HFNC and appraise available evidence with
regard to the utility of HFNC in Pediatrics. Results: Prospective studies have established safety and
feasibility of HFNC in preterm neonates with respiratory distress and infants with bronchiolitis. Studies
suggest that it is equivalent to noninvasive CPAP in these conditions and may have some advantages.
Recently a randomized control study in adults with acute hypoxemic respiratory failure have shown
a mortality benefit, in addition to decreased intubation rates in the severely hypoxemic subgroup.
Conclusions: Current evidence suggests that HFNC is a well tolerated and feasible respiratory support
across different age groups and indications in the Pediatric ICU and Emergency Room. It is not inferior
to the alternate modes of noninvasive positive pressure ventilation and may have some advantages over
conventional forms of non-invasive respiratory support.
Key words: heated humidified high flow nasal cannula, non invasive ventilation, bronchiolitis, acute
hypoxemic respiratory failure
finding its way to use in different settings like PICU
(Pediatric intensive care unit), ward, Emergency
Department (ED), Operating Rooms (OR) and also
interfacility transport of critically ill children.
Nasal cannulae are a well-established mode of
oxygen delivery but are limited by poor tolerance
of flows of more than 2 liters per min (LPM) which
are usually well below patient’s inspiratory flow
rates in respiratory distress. High flow systems
deliver an oxygen-gas mixture that may meet or
exceed patient’s spontaneous inspiratory demand2.
Traditionally, gas flow rates exceeding 1-2 LPM
in neonates were considered high flow but recently
flows up to 8 LPM in toddlers and up to 60 LPM have
been used in adults2,3. There is currently no single,
simple definition of high flow.
The key determinants of effectiveness would depend
on the flow delivered and CPAP generated. The flow

Introduction
Heated Humidified High Flow Nasal Cannula
(HFNC) therapy was originally described as a mode
of respiratory therapy in premature neonates1. It is
now being increasingly used in the management of
acute respiratory failure in older infants, children
and adults. A therapy which originally began as
an alternative to Continuous Positive Airway
Pressure (CPAP) in premature babies with apnea of
prematurity1 is now gaining wide acceptance as a first
line respiratory support across wide age groups and
indications. This mode of respiratory support is also
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should match or exceed the patient’s inspiratory
demand (which is dependent on the size of the
patient, severity of respiratory distress). The amount
of positive pressure or CPAP generated is affected by
leak around the nasal cannula and through the mouth,
in addition to the flow rates4. Clinical effectiveness
is further determined by patient tolerance of the
nasal cannula and the high flow rates. Based on
physiological studies by Judith L. Hough et al, flow
rates more than 1.7 L/kg/min (rounded to 2 L/kg/min)
were recommended5 .There is no recommendation on
the upper flow limits but in various studies of infants
with bronchiolitis; flow rates of 2 L/kg/min was well
tolerated6. These high flow rates need heating and
humidification. Devices that can effectively heat and
humidify gas at very high flow rates are considered
heated humidified high flow nasal cannulae. The
advantages of heating and humidification is to
prevent drying of nasal passages, mucosal injury and
impaired secretion clearance, which is seen with dry,
cold air at high flow rates2.

Figure 1: Heated High Flow nasal cannula device (courtesy
Fisher and Paykel Health care

Mechanism of action7
1. Washout of nasopharyngeal dead space, thereby
improving alveolar ventilation and facilitating
CO2 removal. This effect is more pronounced in
smaller patients.
2. Reduction in upper airway resistance, which
constitutes up to 50% of the whole respiratory
system resistance. HFNC reduces resistance by
stenting the upper airways and providing adequate
flow rates to match inspiratory flow. This, in turn,
decreases work of breathing.
3. Provision of positive distending pressure thereby
helping in alveolar recruitment. This effect
depends on flow rate, leakage via mouth, patient
weight and nasal cannula size.
4. Provision of adequately warmed and humidified gas
to the conducting airways improves conductance
and pulmonary compliance compared to cooler,
dry gas.

Settings
Initiation, escalation and weaning protocols vary
widely.
In infants, flow rates (greater than 2 LPM) are
usually adjusted to body weight i.e. 2 L/Kg/min
up to maximum of 25 LPM8. In children flow rates
are greater than 6 L/min and may be up to 20 to 30
LPM (closer to 1L/kg/min)3. Most protocols use 2 L/
kg for first 10 kg body weight and additional 0.5 L/
Kg for each Kg above 10 Kg. Fi02 is set to achieve
saturation greater than 92%. Gas temperature is set to
34-370 C and adjusted to limit the condensation in the
tubings. Nasal cannula size is usually half the nostril
diameter9. It might be useful to reduce the mouth
leaks with a pacifier in smaller infants.
Escalation (changing to noninvasive CPAP or
intubation) is based on assessment of consciousness,
airway patency, respiratory rate, and work of
breathing, Sp02, heart rate and patient comfort8.
Success of HFNC is indicated by decrease in
respiratory rate, work of breathing, heart rate
and Fi02 requirement along with improvement in
patient comfort. Responders showed a decrease in
respiratory rate and heart rate within 90 minutes of

HFNC device is a closed system which consists of the
specially designed nasal cannula, a flow generator, an
air oxygen blender and a respiratory gas humidifier.
Figure 1 Shows a HFNC device.
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the start of HFNC therapy compared to no change in
HR and RR in nonresponders in a retrospective study
by A Schibler et al in infants with bronchiolitis10.
Predictors of failure (need for intubation or non
invasive CPAP) of HFNC were higher venous PC02
(>50mm HG), lower pH (<7.30 )and respiratory
rate > 90 th centile at the time of initiation in a study
by Kelly GS et al11. Higher pre therapy PC02 and
failure to reduce respiratory rate predicted the need
for intubation in bronchiolitis in a study by Abboud
PA et al12. Absence of normalization of heart rate,
respiratory rate and failure of Fi02 to fall to below
0.5 during first 1-2 hour were indicators of therapy
failure6 in a study by Mayfield S et al.
Weaning practices from high flow also vary across
different units. Generally, there is no need for a
prolonged weaning process. Once the indication for
using HFNC has resolved and the patient is stable in
less than 0.4, Fi02 patient can be transitioned to low
flow O2 via standard nasal prong therapy8.

HFNC in infants and older children
Currently there is more evidence available to allow
determination of safety or efficacy of HFNC as a
form of respiratory support in children in infants with
bronchiolitis15 than in other etiologies of respiratory
distress.
Infants with Bronchiolitis in PICU setting
In infants with a clinical diagnosis of bronchiolitis,
available evidence indicates that HFNC therapy is
feasible and well tolerated10,16,6. Physiological studies
have demonstrated reduced work of breathing and
improved gas exchange5,17. Before and after studies
suggest that initiation of HFNC therapy decreases the
need for intubation in bronchiolitis10. One randomized
control trial comparing it with hypertonic saline did
not find any superiority over hypertonic saline in
bronchiolitis18. An ongoing multicenter randomized
trial is comparing standard sub nasal oxygen and
HFNC therapy in infants with bronchiolitis8.

Indications of HFNC
Over the last decade a lot of evidence from
observational studies has emerged supporting its
use for different indications establishing feasibility,
safety and equivalence to noninvasive CPAP support.
These include preterm neonates with respiratory
distress and infants with bronchiolitis, transport of
critically ill children and in respiratory distress of
varying etiologies in ED. A randomized control study
in adults has shown a mortality benefit of HFNC in
patients with acute hypoxemic respiratory failure13.

Other etiologies of respiratory distress
A retrospective study in the PICU showed that HFNC
therapy is similar in effectiveness to nasal CPAP in
children with moderate to severe respiratory distress,
across a range of diagnoses. In this population, 25%
of patients treated with HFNC therapy required
escalation to invasive ventilation19.
Emergency Department, Pediatric ward and inter
facility transfer
A study by Kelly G S et al analyzed the outcome
of infants and children presenting to an emergency
department including a range of diagnoses (46% were
bronchiolitis) with respiratory distress. Infants with
bronchiolitis were the least likely to get intubated in
this cohort and most patients responded to HFNC
therapy within first three hours of HFNC therapy
initiation11. A pilot study in the ED of infants with
bronchiolitis concluded that HFNC outside the PICU
is safe and non responders can be identified within
first 2 hours by monitoring HR and RR6. Bressan
et al concluded from their pilot study that HFNC
is feasible for moderate to severe bronchiolitis
in a general pediatric ward20. In a retrospective

HFNC in neonates
HFNC has similar rates of efficacy to other forms of
non invasive respiratory support in preterm neonates
for preventing treatment failure, death and CLD. Most
evidence is available for its use as post extubation
support where it causes less nasal trauma and is also
associated with less pneumothorax compared with
nasal CPAP. Further evidence is required comparing
HFNC with other forms of non-invasive respiratory
support immediately after birth and for weaning from
invasive ventilation14.
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single center study of children under 2 years of
age transported by a specialized pediatric retrieval
team to PICU, HFNC significantly decreased the
number of children requiring retrieval on invasive
ventilation, without increasing number of children
needing intubation in first 24 hours after retrieval21

center trial27 showed promise in decreasing the
prevalence of desaturation events when severely
hypoxemic patients were excluded. But, a
subsequent randomized control trial did not show
any difference when compared with facial bag
valve mask for preoxygenation pre intubation28.
The RCT had included severe hypoxemic
patients. A recent trial comparing HFNC during
laryngoscopy with no supplemental oxygen also
failed to show any difference in desaturation
episodes. The role of HFNC in this setting is still
not clear.
3. Immunocompromised patients with hypoxemic
respiratory failure-retrospective studies in
adults confirm feasibility and safety of HFNC in
immunocompromised patients and demonstrate at
least equipoise between HFNC, NIV and standard
oxygen in this setting29.
Cardiogenic pulmonary edema, asthma, patients
with do not intubate orders, oxygenation during
bronchoscopy exam are other promising areas of
application of HFNC which needs more studies to
prove efficacy advantage over non invasive CPAP.

Other indications
HFNC was found to be safe and improved PO2 in
infants post elective cardiac surgery after extubation
in a single center prospective randomized control
trial 22. One study has shown its successful use in
obstructive sleep apnea in home settings23 .
HFNC in adults
Recently the FLORALI study has concluded
in a randomized control trial in adults with non
hypercapnic hypoxemic respiratory failure that high
flow oxygen as compared with standard oxygen or
noninvasive ventilation resulted in reduced 90-day
mortality. Even though it did not show a significant
difference in the primary outcome of reducing
intubation rates, the subgroup with severe hypoxemia
showed significantly decreased intubation rates
which may have led to the overall mortality benefit13.
A concern raised with the study by Kang et al with
HFNC was that it delays intubation and increased
mortality24. But a closer analysis of literature indicates
that this may not be the case if decision to intubate
is taken within 24-48 hours following initiation and
supported by pre specified criteria for intubation25

Conclusions
Current evidence suggests that HFNC is a welltolerated and feasible respiratory support across
different age groups and indications in the Pediatric
ICU and Emergency Room. Available evidence
suggests that it is not inferior to the alternate modes
of noninvasive positive pressure ventilation and may
have the advantage of more patient comfort and need
for less pharmacological sedation. The initiation,
escalation and weaning practices vary across
different institutions and needs to be standardized.
Well established local guidelines for initiation,
monitoring and escalation and strict adherence
will ensure the safety of its use in settings outside
the critical care units, where there is a fear of late
deterioration and delay in starting the appropriate
respiratory support. It would be equally important
to identify the nonresponders early, so that more
appropriate modes of respiratory support are provided
earlier rather than later. There is a need to focus on
identifying additional indications where there is a
definite advantage over noninvasive ventilation as a

There are other potential areas of use for HFNC
which are being explored.
1. Post extubation26 - HFNC is an appealing device
to reverse post extubation atelectasis and improve
oxygenation. HFNC may play a role in preventing
reintubation in moderately hypoxemic patients
(which is being evaluated in trials), but further
studies are needed to better define which patient
can benefit and the timing of application.
2. Preoxygenation for endotracheal intubation in
hypoxemic patients - the most frequently reported
complication during endotracheal intubation
is severe desaturation under 80%, notably for
hypoxemic patients. One before and after single
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mode of respiratory support. Further information is
also needed to establish its role in improving relevant
outcomes like preventing intubation and decreasing
ventilator free days in respiratory failure of various
etiologies in children. We eagerly anticipate more
studies establishing the utility in conditions like
immunocompromised and asthma where there is a
definite advantage of avoiding intubation.
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