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ABSTRACT
Heated humidified high-flow nasal cannula therapy
(HHHFNC) was originally described as a mode of
respiratory support in premature neonates and is now
increasingly used in the management of acute respiratory
failure in older infants and children. Heating and
humidification of gas mixtures allow comfortable delivery
of flow rates that match or exceed the patient’s
inspiratory flow rate. Emerging evidence from
observational studies suggests that the use of HHHFNC
therapy may be associated with reduced work of
breathing, improved ventilation efficiency and a
decreased need for intubation in children with respiratory
insufficiency. There are several proposed mechanisms of
action, and the potential for provision of unpredictable
positive distending pressure has caused concern.
Randomised controlled trial evidence comparing clinical
outcomes with those achieved using other forms of
respiratory support is, however, awaited. We review the
proposed mechanisms of actions, indications, advantages
and complications of HHHFNC therapy in children and
describe our approach to its use in the paediatric ward
environment.

INTRODUCTION
Administration of supplementary oxygen forms an
essential part of the management of hypoxaemic
respiratory failure. Nasal cannulae are a well-
established mode of delivery of oxygen therapy but
the amount of oxygen that can be delivered has
traditionally been limited by poor tolerance of flow
rates >2 L/min in children. The heating (to body
temperature) and humidification (to >99% relative
humidity) of oxygen and air mixtures allow com-
fortable delivery at flow rates which match or
exceed the patient’s inspiratory flow rate, thus lim-
iting entrainment of room air. This is known as
heated humidified high-flow nasal cannula
(HHHFNC) therapy. Commercially available high-
flow nasal cannula therapy sets are open systems,
with leaks at the mouth and nose and can be used
with nasal prongs of varying sizes.1 In addition to
improving oxygenation, HHHFNC therapy may
improve the efficiency of ventilation, reduce work
of breathing and avoid the need for intubation.2–4

The concept of high-flow nasal cannula therapy
began in Neonatal Intensive Care Units as an
alternative to continuous positive airway pressure
(CPAP) in babies with apnoea of prematurity.5

HHHFNC therapy is now a common mode of
respiratory support in premature neonates; the evi-
dence for its role in this patient group is reviewed
elsewhere.6 Despite a lack of randomised controlled
trial evidence for its effectiveness, HHHFNC
therapy is increasingly being used in the

management of acute respiratory failure in infants
and older children. The proposed mechanisms of
actions, indications, advantages and complications
of HHHFNC therapy in this setting will be
reviewed. We will also outline our approach to the
use of HHHFNC therapy in the paediatric ward
environment, including potential strategies for escal-
ation and weaning.

MECHANISMS OF ACTION OF HHHFNC
THERAPY
Observational studies have shown improvement in
physiological parameters in children receiving
HHHFNC therapy. Respiratory distress scores signifi-
cantly improved as HHHFNC therapy flow rates
increased in infants with bronchiolitis and older chil-
dren requiring oxygen therapy.7 8 In another cohort
of paediatric patients (median age 6.5 months) receiv-
ing HHHFNC therapy on a Paediatric Intensive Care
Unit (PICU), measured work of breathing significantly
decreased as HHHFNC therapy increased from 2 to
8 L/min.9 A further study in infants with moderately
severe bronchiolitis showed HHHFNC therapy to be
associated with a rapid decrease in median end-tidal
carbon dioxide and respiratory rate during the first
3 h of treatment. These parameters then remained
steady during the following 48 h of therapy.10

It is proposed that HHHFNC therapy reduces
work of breathing and improves efficiency of venti-
lation through several mechanisms:2

1. washout of nasopharyngeal deadspace leading
to improved alveolar ventilation

2. reduction in the inspiratory resistance associated
with the nasopharynx

3. improvement in conductance and pulmonary
compliance by supplying adequately warmed
and humidified gas

4. reduction in metabolic work associated with gas
conditioning

5. may provide positive distending pressure for
lung recruitment.
There is evidence that HHHFNC therapy pro-

vides positive distending pressure and concern that
this may be unpredictable. Small studies in preterm
infants have demonstrated linear relationships
between flow rate and distending pressure but
reported conflicting data about the significance of
mouth closure.11 12 The degree of leak at the
nares-prong interface is felt to be important, and
manufacturers of HHHFNC therapy systems advise
using prongs that are no greater than half the diam-
eter of the nares.1 HHHFNC therapy at rates of
2 L/kg/min in infants with viral bronchiolitis, using
a nasal prong approximately half the diameter of
the nostril, generated mean pharyngeal pressures of
≥4 cmH2O.7 Flow rates of ≥6 L/min were
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associated with positive pharyngeal pressures throughout the
respiratory cycle. Another study in infants with bronchiolitis
found a linear association between increasing HHHFNC
therapy flow rates and nasopharyngeal pressure, with a
reduction in the rate of increase in pressure with flow rates
>6 L/min.13 On average, nasopharyngeal pressure increased by
0.45 cmH2O for every 1 L/min increase in flow rate. Pressures
were significantly higher in mouth-closed states. A study in
older children (median age 2.8 years) found an average positive
end expiratory pressure of 4±1.99 cmH2O when flow rates of
8–10 times minute ventilation (approximately 8–10 L/min in
infants and 20–30 L/min in children) were delivered.8 The pres-
sure generated decreased as weight increased.

ROLE OF HHHFNC THERAPY IN BRONCHIOLITIS
Bronchiolitis is the most common cause of lower respiratory
tract infection during the first year of life; a recent study
involving National Health Service hospitals in the UK found
an admission of rate of 24.2 per 1000 infants.14 Avoiding the
need for admission to an intensive care unit and, in particular,
the need for invasive respiratory support with its associated
potential for respiratory, cardiovascular and neurological com-
plications, is a key management goal. The role of HHHFNC
therapy in infants with bronchiolitis is, therefore, of particular
interest.

Small retrospective studies of HHHFNC therapy use in
infants with bronchiolitis suggest that it is a safe mode of
respiratory support which may provide an alternative to nasal
CPAP. In one study, 45 infants with moderately severe bronchio-
litis who would have traditionally been transferred to a
Paediatric High Dependency Unit for nasal CPAP received
HHHFNC therapy on a general paediatric ward; 11 required
escalation of respiratory support but HHHFNC therapy
reduced the number of infants requiring transfer for CPAP.15 In
another study, data relating to 34 infants admitted to a PICU
with bronchiolitis during two consecutive winters were retro-
spectively reviewed.16 Nasal CPAP was used as first-line non-
invasive respiratory support during the first winter and was
replaced by HHHFNC (initial flow rate 1 L/kg/min, up to a
maximum of 8 L/min) during the second winter. There was no
statistically significant difference in physiological parameters
(heart rate, respiratory rate, fraction of inspired oxygen (FiO2)
or partial pressure of carbon dioxide (pCO2)) or length of PICU
stay between the two groups. Reductions in rates of intubation
in infants with bronchiolitis have also been reported following
introduction of HHHFNC therapy. A 68% reduction in intub-
ation rate was observed on an American PICU following institu-
tion of HHHFNC therapy for this group of patients, while an
Australian group reported a reduction in intubation rate from
37% to 7% in infants admitted to their PICU with viral bron-
chiolitis during the 5-year period following introduction of
HHHFNC therapy.3 4

There are limited prospective data relating to HHHFNC
therapy in bronchiolitis. In a small pilot study, 19 infants with
moderately severe bronchiolitis were randomised to either
headbox oxygen or HHHFNC therapy for at least 24 h (started
at 4 L/min and increased to 8 L/min if tolerated).17 Median
oxygen saturation was higher in infants receiving HHHFNC
therapy at 8 and 12 h after randomisation but duration of
oxygen therapy, time to feed and total length of stay were
similar between the two groups. No infant required further
respiratory support. This was the only study to be included in a
recent Cochrane review of the role of HHHFNC therapy in

bronchiolitis which concluded that there was insufficient evi-
dence for its effectiveness.18 Several ongoing randomised con-
trolled trials comparing HHHFNC therapy with standard
oxygen therapy were identified and will be included in future
updates. An Australian study comparing prospectively identified
infants with bronchiolitis who received HHHFNC therapy with
retrospectively identified controls (who received low-flow nasal
oxygen therapy) found that the infants receiving HHHFNC
therapy were four times less likely to require PICU admission
(OR 4.09, p=0.043).19 The authors propose using their data to
guide development of a randomised controlled trial of
HHHFNC therapy in bronchiolitis using PICU admission as the
primary outcome.

ROLE OF HHHFNC THERAPY IN RESPIRATORY DISTRESS
DUE TO CONDITIONS OTHER THAN BRONCHIOLITIS
Outside of its role in infants with bronchiolitis, there is rela-
tively limited evidence for HHHFNC therapy in children.
A Cochrane review of the role of HHHFNC therapy as respira-
tory support in children (excluding those with bronchiolitis) did
not identify any randomised controlled trials comparing
HHHFNC therapy with other forms of non-invasive support.20

The successful use of HHHFNC therapy has been described in
children with respiratory pathology other than bronchiolitis,
including viral-induced wheeze, obstructive sleep apnoea and
post-extubation stridor.21–23 A single-centre retrospective study
of children with acute respiratory insufficiency (including
asthma, pneumonia, bronchiolitis and croup) requiring PICU
admission found introduction of HHHFNC therapy in the
emergency department to be associated with a reduction in
intubation rate from 16% to 8%.24

There are some limited data relating to the potential use of
HHHFNC therapy in paediatric cardiac patients. A recent
single-centre, randomised trial compared HHHFNC therapy
with low-flow oxygen therapy after extubation in postoperative
cardiac patients under the age of 18 months.25 The partial pres-
sure of oxygen/FiO2 was similar between the two groups at
baseline but much higher in the HHHFNC therapy group at all
time points during the 48-hour study period. There was no dif-
ference in pCO2 values at any time point. Seven of 46 (15%)
patients in the low-flow oxygen group required non-invasive
respiratory support compared with none in the HHHFNC
therapy group. Two patients in each group required emergency
reintubation and ventilation. The successful use of HHHFNC
therapy has also been described in patients with cardiomyopathy
and acute pulmonary oedema.21 26

ROLE OF HHHFNC THERAPY IN TRANSPORT OF CRITICALLY
ILL CHILDREN
An Australian centre has reported its experience of HHHFNC
therapy use during the interhospital transport of critically ill chil-
dren under the age of 2 years.27 A total of 793 children were
studied over an 8-year period: 331 children were transported
during the 4 years prior to the introduction of HHHFNC
therapy and 462 children were transported afterwards. During
the second 4-year period, 33% of children were supported with
HHHFNC therapy and there was a significant decrease in the
number of children requiring retrieval on invasive ventilation
(49% pre-HHHFNC therapy vs 35% post-HHHFNC therapy,
p=0.001). Rates of retrieval on non-invasive ventilation also
reduced from 7% to 2%. There was no significant change in the
number of retrieved children requiring intubation for respiratory
reasons during the first 24 h after PICU admission.
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ADVANTAGES OF HHHFNC THERAPY
In contrast to low-flow oxygen therapy, HHHFNC therapy pro-
vides constant, measurable and adjustable oxygen concentra-
tions. The use of nasal cannulae rather than a mask allows the
patient to communicate and drink more easily, if their clinical
condition allows. Children who received oxygen via nasal
cannula or facemask were found to have a significant improve-
ment in COMFORT scores (a validated measure of distress in
children in the intensive care setting) within 60–90 min of
switching to HHHFNC therapy.8 The COMFORT score contin-
ued to improve over the next 8–12 h.

HHHFNC therapy has been proposed as an alternative to
CPAP in some clinical situations and may have advantages. The
need to maintain an adequate facial seal in children receiving
CPAP can make delivery challenging but this is not required with
HHHFNC therapy. The tubing associated with CPAP is more
cumbersome than that of HHHFNC therapy. A small rando-
mised cross-over trial of HHHFNC therapy and CPAP in prema-
ture infants found no differences in objective measurement of
patient comfort or ambient noise.28 However, parents assessed
HHHFNC therapy as significantly increasing child satisfaction,
parental contact and interaction, and parental ability to take part
in care. A randomised controlled trial comparing HHHFNC
therapy with CPAP in premature neonates after extubation found
a significantly lower incidence of nasal trauma in babies who
received HHHFNC therapy (39.5% vs 54.3%, p=0.01).29

A similar trend was observed during an observational study com-
paring HHHFNC therapy with nasopharyngeal-prong CPAP in
children admitted to a PICU.30 One of 72 HHHFNC therapy
patients experienced mucosal injury compared with six of the 37
CPAP patients. In addition, two patients receiving CPAP devel-
oped pneumothoraces. The same study found a trend towards
less use of sedation with HHHFNC therapy. Chloral hydrate was
used in 38% of HHHFNC therapy episodes versus 60% of CPAP
episodes. Five per cent of children receiving HHHFNC therapy
required more than one sedative agent versus 11% of children
receiving CPAP (p=0.17). These results, perhaps, need cautious
interpretation as nasopharyngeal-prong CPAP is not widely used
and the sedation usage seems relatively high.

COMPLICATIONS OF HHHFNC THERAPY
Abdominal distension
Two small patient studies have reported abdominal distension in
children receiving HHHFNC therapy.25 30 This may limit its
application in certain settings, for example, in children with
intra-abdominal pathology.

Infection
An outbreak of Ralstonia spp infection in the USA in 2005 was
microbiologically and epidemiologically linked to the use of the
Vapotherm 2000i HHHFNC therapy system.31 This device was
recalled and modifications were made to the manufacturing
process prior to reintroduction. No further infectious complica-
tions have been reported.

Air leaks
A case series of three children who developed air leaks (pneu-
mothoraces in two children and pneumomediastinum in the
third child) while receiving HHHFNC therapy has been
recently described. The authors cite the potential for an unpre-
dictable rise in positive airways pressure as a possible contribu-
tory factor.32 A further case report describes subcutaneous scalp
emphysema, pneumo-orbitis and pneumocephalus, but no

pneumothorax or pneumomediastinum, in a premature infant
receiving HHHFNC therapy.33

DEVELOPMENT OF LOCAL GUIDANCE
HHHFNC therapy has been increasingly used in the manage-
ment of respiratory distress on the paediatric wards in our hos-
pital.17 Recently published guidance on high-dependency care
for children suggests that HHHFNC therapy is an intervention
that should be available to all children admitted to inpatient
paediatric facilities.34 However, there is little evidence to guide
practice in this environment. A retrospective review of 498 chil-
dren presenting to two tertiary emergency departments with
respiratory distress found higher venous pCO2 (>50 mm Hg),
lower venous pH (<7.3) and higher respiratory rate at triage
(>90th percentile for age) to be independently associated with
the need for intubation within 24 h of commencing HHHFNC
therapy.35 A final diagnosis of bronchiolitis was found to be pro-
tective against the need for invasive ventilation. Another retro-
spective review of infants with bronchiolitis, who failed
treatment with HHHFNC therapy and required mechanical
ventilation, found that higher pretherapy pCO2 and failure of
reduction in respiratory rate to be the strongest predictors of
the need for intubation.36 Other studies have shown the absence
of normalisation of heart rate and respiratory rate, and failure
of FiO2 to fall to <0.5, during the first 1–2 h of treatment to be
associated with failure of HHHFNC therapy.19 30

Ensuring that an appropriate form of respiratory support is
delivered in a safe environment and that children requiring
escalation of support are identified early, forms the basis of our
recently developed local guidance on the use of HHHFNC
therapy. To maintain consistency with the observations recorded
by the nursing staff in our hospital, criteria for commencing
HHHFNC therapy, and strategies for escalation and weaning,
are based on the respiratory component of our local Paediatric
Early Warning (PEW) Score. This comprises respiratory rate
(varies with age), degree of respiratory distress and oxygen sat-
uration. If the respiratory component of the PEW score reaches
a trigger level, the child is reviewed to determine whether
increased respiratory support is required and, if so, what form
of support is appropriate (figure 1). Initial flow rates are
dependent on age and are increased if the respiratory compo-
nent of the PEW Score remains at or above the initial trigger
level (figure 2). FiO2 is set at 0.4 initially and increased to 0.5 if
oxygen saturations are <92%. Alternative settings may be more
appropriate in some cases, for example, children with chronic
hypoxaemia or congenital heart disease. Children who have
reached maximal escalation thresholds are considered to have
‘failed’ a trial of HHHFNC therapy; they require urgent referral
to the Paediatric Critical Care (Transport) team and an increased
level of respiratory support. Another approach to the initiation
of HHHFNC involves varying initial flow rates according to
weight (eg, 2 L/min flow per kg) although this would seem to
be somewhat problematic outside of infancy as very high flow
rates are likely to be needed for relatively small children. From
anecdotal experience, the use of very high flow rates outside
critical care environments may lead to children with very signifi-
cant respiratory distress not being appropriately identified. In
certain cases, children have had to convert directly from
HHHFNC therapy to high pressure invasive ventilation, includ-
ing high-frequency oscillatory ventilation, as a clinical emer-
gency and in a less than controlled fashion.

Our local guidelines suggest that weaning of HHHFNC
therapy should be commenced if the respiratory component of
the local PEW Score falls below the initial trigger level. Our
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Figure 1 Approach and response to
a child with increasing respiratory
difficulty in a non-critical care
environment (in-patient ward,
assessment unit or emergency
department). HHHFNC, heated
humidified high-flow nasal cannula
therapy.

Figure 2 Approach to initiation and escalation of heated humidified high-flow nasal cannula (HHHFNC) therapy for children of different ages.
PEW, Paediatric Early Warning.
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approach is to initially wean the FiO2 to 0.4 before reducing
flow rates by 0.5 L/min/h for neonates and 1 L/min/h for all
other children, as long as the respiratory component of the local
PEW Score remains below the initial trigger level. If at any
point of the weaning process the respiratory component of the
local PEW Score reaches or rises above the initial trigger level,
the flow rate or FiO2 is increased back to the previous higher
level. HHHFNC therapy is discontinued once the flow rate is
below the initial starting flow rate for the age of child and the
oxygen saturations are maintained above 92% with a FiO2 of
0.4. Some centres use other approaches to weaning, such as
gradually reducing FiO2 to 0.21 (room air) while maintaining
appropriate oxygen saturations. HHHFNC therapy is discontin-
ued when the child remains well saturated in air. Unfortunately,
at present, there is no evidence to suggest that any particular
approach to weaning HHHFNC is either more effective or
efficient.

SUMMARY
Observational studies suggest that HHHFNC therapy may
reduce work of breathing and improve the efficiency of ventila-
tion in children, possibly with clinically significant outcomes
such as avoidance of the need for CPAP and a reduced require-
ment for invasive ventilation. HHHFNC therapy may have
advantages over other forms of oxygen delivery and non-
invasive respiratory support, such as improved comfort and
reduced mucosal injury. Several randomised controlled trials are
underway to compare outcomes with HHHFNC therapy with
those achieved using other forms of respiratory support.
Pending publication of further evidence, we suggest that chil-
dren receiving HHHFNC therapy are managed in appropriate
settings where the need for escalation to other forms of respira-
tory support is identified in a timely manner.
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