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contribute to viral clearance and certainly play an important
role in protection against reinfection (21). They include secre-
tory immunoglobulin A (IgA) and transudated, serum-derived
IgG. Secretory IgA is particularly important in protecting the
upper respiratory tract, which is accessed only very inefficiently
by serum IgG (124, 137). The IgA response is short-lived fol-
lowing primary infection but can increase in duration following
reinfection (109). Serum IgG antibodies are somewhat more
efficient in accessing the lower respiratory tract and can pro-
vide substantial protection in that compartment. In RSV-naı̈ve
infants, the maternal serum antibody titer is positively corre-
lated with a reduced level of severe RSV disease. The clinical
experience with palivizumab also shows that serum antibodies
alone can provide substantial protection from severe disease.
However, protection from passive antibodies quickly wanes,
because they decay with a half-life of approximately 21 to 24
days. CD8! T lymphocytes are important for clearing virus-
infected cells as well as for contributing cytokines, notably
gamma IFN (IFN-"), that promote a protective Th1 response
(53, 142).

Protective immunity to RSV induced by natural infection is
generally described in the literature as weak and short-lived.
This is based mainly on the frequent incidence of reinfection of
humans in nature and under experimental conditions. How-
ever, as discussed later, viral immune evasion strategies also
may contribute to reinfection. Typical RSV-neutralizing serum
antibody titers in adults are quite high (mean reciprocal titer of
1,450 in a 50%-infected-well-reduction assay), and following
natural infection, they were increased fourfold or more in 64%
of young adult and 79% of frail elderly patients, suggestive of
good responses (41). While postinfection increases in antibody
titers wane in most individuals within a year, this decay might

not be unique to RSV (40), and the residual titers remain quite
high. Brisk serum antibody responses also have been noted in
children with primary and secondary infections (66), and even
young infants of 2 months of age can have substantial neutral-
izing serum antibody responses when the titer of immunosup-
pressive maternal antibody is low (R. A. Karron, personal
communication). Primary RSV infection of seronegative ex-
perimental animals, including the chimpanzee, results in ro-
bust protective immune responses, at least in the short term
(23). In addition, in clinical studies, experimental live RSV
vaccines do not seem to be obviously reduced in immunoge-
nicity compared to live human parainfluenza virus type 3
(HPIV3) and influenza A virus vaccines, although these studies
were not designed for virus-to-virus comparisons (R. A. Kar-
ron, personal communication). There are reports of effects on
cellular immunity. RSV-specific T-helper cell responses, as
measured by in vitro lymphoproliferation, appeared to be de-
ficient during reinfection in infancy (12). Increased apoptosis
of CD4! and CD8! lymphocytes resulting in lymphopenia also
has been described for RSV-infected infants compared to un-
infected controls, with the effect being greater with younger
age and more severe illness (130). Mitogen-induced prolifera-
tion of peripheral blood lymphocytes in vitro was inhibited by
contact with RSV-infected cell monolayers, an effect that did
not prevent the expression of T-cell activation markers but
impeded the cell cycle (135). This effect appeared to be medi-
ated by the viral F protein and was augmented by G. Studies of
mice suggested that the pulmonary CD8! CTL response to
RSV was less functional and shorter lived than that to influ-
enza virus (18). However, this difference between viruses has
not been confirmed and, as noted later, functional impairment
to the pulmonary CTL response might be a feature of the

FIG. 3. Estimated contributions of host and viral factors to RSV pathogenesis in the overall pediatric population, as discussed in the text.
Factors are placed in the vertical dimension approximately according to the extent to which they are determined by the host (top) or virus (bottom)
or a combination (in between). Placement in the horizontal dimension indicates the extent to which they are pathogenic (left) or protective (right).
The size of the symbol represents speculated aggregate impact.
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bronchioles and cartilaginous airways were also
involved. Most airway lumens were occluded by
debris composed of sloughed epithelial cells and
macrophages, with admixed fibrin and a minor
component of mucin; remaining adherent epithelial
cells contained only rare minimal cytoplasmic
mucin (Figure 3b). Epithelial sloughing observed
in cross-section was not typically circumferential,
but rather, patchy. Numerous intrabronchiolar syn-
cytia were present in the lungs of patient 3 (Figure
3c), but were not seen in the other cases. However,
papillary projections of epithelium without syncytia
were sometime noted in both this case and other
cases and may contribute to airway narrowing.

The major locus of bronchiolar inflammation was
in the submucosa, deep to the muscularis layer and
was sometimes accompanied by large hyperplastic
lymphoid aggregates (Figure 4a). These collections of
inflammatory cells were centered on bronchial
arteries, which supply the bronchial wall down to
the level of terminal bronchioles in humans (Figure
4b). These arteries were often prominently dilated
and congested. In the smallest inflamed airways,
which lack mural bronchial vessels, the broncho-
vascular inflammation was demonstrably centered
on the accompanying pulmonary artery branch

(Figure 4c). Therefore, the pattern of the inflamma-
tory infiltrate around an airway appears to be
determined by the distribution of arterioles adjacent
to the airway. Inflammatory infiltrates are symmetric
and circumferential in the small bronchioles and
larger airways, but at the level of the terminal
bronchioles it is often asymmetric and more clearly
centered around the pulmonary arteriole (Figure 4d).

Figure 2 Alveolar localization of RSV antigen. Linear staining for
RSVantigen in alveoli demonstrates that both type 1 and 2 (arrow)
pneumocytes are infected in the 1999 case (a). Airway and
alveolar lumens are filled with RSV antigen-positive debris in the
1949 case (b). Original magnifications ! 250 (a), ! 62.5 (b).

Figure 3 Histopathological features of bronchiolar inflammation.
Acute bronchiolitis in medium-sized airway with intraluminal
cell fragments composed of dead epithelium and inflammatory
cells, and amorphous debris in 1931 case (a). Intraluminal debris
includes mucus, fibrin, epithelial cells, and inflammatory cells in
1949 case (b) (dPAS stain). Intrabronchiolar syncytia are present
adjacent to intraluminal cellular debris in 1949 case (c). Original
magnifications !62.5 (a), ! 250 (b and c).

Histopathology in fatal RSV infection
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intubation are major interventions with
associated complications,33–36 and this
outcome should have less practice
variability than admission to the ICU.
In addition, this was an observational
study, and, therefore, the chest radio-
graphs were not performed systemat-
ically. Despite our intriguing results,
we did not include this variable in the
multivariable models given the high
potential for bias. Last, mothers who
smoke during pregnancy continue to
smoke after delivery and it is difficult
to distinguish between environmental
exposure to smoke in utero or ex utero.
Nonetheless, these smoking data pro-
vide more evidence to continue to en-
courage smoking cessation.

CONCLUSIONS

In summary, on the basis of these pro-
spective, multicenter, multiyear data of
children hospitalized with bronchiolitis,
we found for the first time that in utero
smoke exposure is independently as-
sociated with a subsequent need for
CPAP and/or intubation. The present
data not only build on and extend pre-
vious findings about the respiratory
ramifications of in utero smoke expo-
sure for infants, but they also empha-
size the need for continued work on
smoking cessation. In addition to the

demographic, historical, and clinical
variables that predicted the need for
mechanical respiratory support, we
found a novel subgroup of children with
bronchiolitis that have a rapid respi-
ratory decline. Although this large study
has clarified the characteristics of the
children who have the most severe
bronchiolitis, the next steps are to ex-
amine why and how these children
differ from the majority of children who
do not require mechanical respiratory
support. As bronchiolitis research moves
forward, the subgroup of children with
rapid respiratory decline will be of par-
ticular interest and may yield important
insights for the future management of
children with bronchiolitis.

COLLABORATORS IN THE MARC-30
STUDY

Besh Barcega, MD (Loma Linda Medical
Center); John Cheng, MD, and Carlos
Delgado, MD (Children’s Healthcare of
Atlanta); Haitham Haddad, MD (Rainbow
Babies & Children’s Hospital); Frank
LoVecchio, MD (Maricopa Medical Cen-
ter); Charles G. Macias, MD (MPH Texas
Children’s Hospital); Eugene Mowad, MD
(Children’s Hospital Akron); Brian Pate,
MD (Children’s Mercy Hospital); Mark
Riederer, MD, and Paul Hain, MD (Child-
ren’s Hospital at Vanderbilt); M Jason

Sanders, MD (Children’s Memorial
Hermann Hospital); Alan Schroeder, MD
(Santa Clara Valley Medical Center);
Nikhil Shah, MD, and Dorothy Damore,
MD (New York Presbyterian Hospital–
Cornell); Michelle Stevenson, MD (Kosair
Children’s Hospital); Erin Stucky, MD
(Rady Children’s Hospital); Stephen
Teach, MD, MPH (Children’s National
Medical Center); and Lisa Zaoutis, MD
(Children’s Hospital of Philadelphia).

TABLE 2 Continued

Characteristics No CPAP/Intubation
(n = 1998), %

CPAP/Intubation
(n = 161), %

P

$94 73 55
Oral intake ,.001
Adequate 45 20
Inadequate 41 63
Missing 14 16

WBC, median (IQR) 11 (9–15) 11 (9–15) .59
Platelets, median (IQR) 395 (311–488) 413 (325–517) .12
RSV-A 42 45 .57
RSV-B 30 29 .81
HRV 25 27 .73
Atelectasis on chest x-ray 11 27 ,.001
Infiltrate on chest x-ray 12 29 ,.001
Hyperinflated on chest x-ray 17 20 .28
Peribronchial cuffing on chest x-ray 22 25 .53
Normal chest x-ray 15 6 .001

ABG, arterial blood gas; WBC, white blood count.

TABLE 3 Multivariable Predictors of
Receiving Inpatient CPAP and/or
Intubation Among Children With
Bronchiolitis

Characteristics OR BCa 95% CI

Age in months
,2 4.29 1.66–11.53
2–5.9 2.61 1.16–6.10
6–11.9 1.59 0.68–4.94
$12 1.00 (reference)

Gender
Male 1.00 (reference)
Female 0.86 0.56–1.40

Race
White 1.00 (reference)
Black 0.66 0.31–1.21
Other or missing 1.44 0.57–2.97

Birth weight, pounds
,5 1.70 1.01–2.52
$5 1.68 1.03–2.68
$7 1.00 (reference)

Smoked during pregnancy 1.38 1.05–1.91
When difficulty
breathing began
(preadmission)
$1 d 1.00 (reference)
,1 d 1.58 1.15–2.09
No difficulty

preadmission
0.59 0.12–3.41

Presence of apnea (chart) 4.78 2.57–8.50
Retractions
None 1.00 (reference)
Mild 0.83 0.45–1.68
Moderate 2.36 0.77–5.38
Severe 11.14 2.40–33.19
Missing 1.78 0.27–4.55

Oxygen saturation by
pulse oximeter or ABG
,85 3.28 2.02–4.82
85–87.9 1.34 0.57–3.43
88–89.9 1.91 0.79–3.80
90–93.9 1.15 0.70–1.52
$94 1.00 (reference)

Oral intake
Adequate 1.00 (reference)
Inadequate 2.51 1.34–4.26
Missing 2.47 1.34–5.07

BCa 95% CI, bias-corrected and accelerated 95% confi-
dence intervals; ABG, arterial blood gas.
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Prospective Multicenter Study of Children With
Bronchiolitis Requiring Mechanical Ventilation

WHAT’S KNOWN ON THIS SUBJECT: Bronchiolitis is one of the
most common infectious respiratory conditions of early
childhood, and most children have a mild clinical course.
Unfortunately, the small subgroup of children requiring
continuous positive airway pressure and/or intubation remains
ill-defined.

WHAT THIS STUDY ADDS: In children with bronchiolitis, we found
several demographic, historical, and clinical factors that
predicted the need for mechanical respiratory support including
in utero smoke exposure. We also found a novel subgroup of
children with bronchiolitis who have a rapid respiratory decline.

abstract
OBJECTIVE: To identify factors associated with continuous positive air-
way pressure (CPAP) and/or intubation for children with bronchiolitis.

METHODS: We performed a 16-center, prospective cohort study of hos-
pitalized children aged ,2 years with bronchiolitis. For 3 consecutive
years from November 1 until March 31, beginning in 2007, research-
ers collected clinical data and a nasopharyngeal aspirate from study
participants. We oversampled children from the ICU. Samples of na-
sopharyngeal aspirate were tested by polymerase chain reaction for
18 pathogens.

RESULTS: There were 161 children who required CPAP and/or intubation.
The median age of the overall cohort was 4 months; 59% were male;
61% white, 24% black, and 36% Hispanic. In the multivariable model
predicting CPAP/intubation, the significant factors were: age ,2
months (odds ratio [OR] 4.3; 95% confidence interval [CI] 1.7–11.5),
maternal smoking during pregnancy (OR 1.4; 95% CI 1.1–1.9), birth
weight ,5 pounds (OR 1.7; 95% CI 1.0–2.6), breathing difficulty began
,1 day before admission (OR 1.6; 95% CI 1.2–2.1), presence of apnea
(OR 4.8; 95% CI 2.5–8.5), inadequate oral intake (OR 2.5; 95% CI 1.3–4.3),
severe retractions (OR 11.1; 95% CI 2.4–33.0), and room air oxygen
saturation ,85% (OR 3.3; 95% CI 2.0–4.8). The optimism-corrected
c-statistic for the final model was 0.80.

CONCLUSIONS: In this multicenter study of children hospitalized with
bronchiolitis, we identified several demographic, historical, and clini-
cal factors that predicted the use of CPAP and/or intubation, including
children born to mothers who smoked during pregnancy. We also
identified a novel subgroup of children who required mechanical
respiratory support ,1 day after respiratory symptoms began.
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duration of ET ventilation with a coefficient of -0.321
(p = 0.028) indicating that those who failed NIV early
needed longer invasive ventilation. Over the period of
10 years, there was no significant change in the length of
stay in any of the groups.

The presence of any co-morbidity risk factor, odds
ratio (95 % CI) = 1.79 (1.16–2.78) (p = 0.009), neuro-
muscular disease odds ratio (95 % CI) 3.0 (1.1–8.56)
(p = 0.03) and prematurity odds ratio (95 % CI) 2.1
(1.25–3.52) (p = 0.004) were associated with needing
positive-pressure ventilation (Table 3). In patients who
received NIV, there was no single risk factor significantly
predicting failure of NIV support. Although the presence
of any risk factor (p = 0.03) was associated with failure
of NIV, none of the individual risk factors were

associated significantly with failure except for the pres-
ence of cardiac disease which failed to achieve
significance (p = 0.055). Commencement on NIV with-
out any risk factor had a 94 % chance of success, which
was significantly reduced, but still reasonable with the
presence of any risk factor, with 90 % of such patients
successfully managed on NIV.

Discussion

Non-invasive support has been well studied in neonatal
and adult respiratory failure, but a definitive randomized
trial has not been performed in children. We have
increasingly used NIV in various respiratory conditions,
but particularly in infants with bronchiolitis. Despite these
patients typically having a good outcome, they can spend
a number of days in intensive care. NIV has been shown
to reduce the length of stay in adult studies compared with
invasive ventilation and patients with immune deficiency
have better outcomes when managed with NIV [6, 8]. We
have now used NIV support in over 500 infants and so
reviewed associations with its use. Increasing NIV use in
our unit was associated with a decline in invasive venti-
lation despite a similar patient risk profile over a period of
10 years.

NIV was associated with a significant shortening of
the PICU length of stay—half compared to invasively
ventilated patients. Failure of NIV was associated with a
20 % longer length of stay compared to invasively ven-
tilated patients and early failure was associated with a
longer invasive ventilation and PICU length of stay. The
vast majority, 94 % of patients, that were commenced on

Fig. 2 Trends in modes of ventilation over 10 years. The percent-
age of ventilation modes over 10 years in bronchiolitis patients:
open box non-invasive ventilation, closed box invasive ventilation.
There is a statistically significant increase in NIV support of
2.8 % per year and a significant decline of 1.4 % per year in
invasive support, p \ 0.05 over the study period

Table 2 Ventilation and PICU stay characteristics according to different modes of ventilation

Total No PPS NIV success ET only NIV failed Comparing
NIV success
with ET onlya

and NIV failedb

Comparing
NIV failed
with ET only

p value p value

PICU length of
stay (days)

2.68 (±4.32) 1.08 (±1.81) 2.38 (±2.43) 5.19 (±6.34) 8.41 (±3.44) \0.001a 0.000c

\0.001b

PPS (days) 2.00 (±4.36) – 1.08 (±2.38) 4.41 (±5.57) 6.23 (±3.51) \0.001a 0.414c

\0.001b

NIV (days) 0.96 (±2.21) – 1.08 (±2.38) – 0.39 (±0.60) –
Invasive ventilation

(days)
4.54 (±5.25) – – 4.41 (±5.57) 5.55 (±3.63) – 0.022c

Data are median ± SD
PPS positive-pressure support (non-invasive ? invasive ventila-
tion), NIV success non-invasive ventilation successful, intubation
not required, ET only endotracheal intubation only, no trial of non-
invasive ventilation, NIV failed non-invasive ventilation unsuc-
cessful, intubation required
a p value for comparison between NIV success and ET only using
Mann–Whitney U est

b p value for comparison between NIV success and NIV failed
using Mann–Whitney U test
c p value for comparison between NIV failed and ET only using
Mann–Whitney U test
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Abstract Purpose: To redress the
paucity of studies evaluating non-
invasive respiratory support in bron-
chiolitis patients.
Methods: Following ethics com-
mittee approval, the clinical database
of a tertiary 23-bed paediatric inten-
sive care unit (PICU) was reviewed
for bronchiolitis admissions from
January 2000 to December 2009.
Length of stay (LOS), ventilatory
requirements and risk factors,
including prematurity, respiratory
syncytial virus (RSV) status, chronic
lung, neuromuscular, immune and
congenital heart disease, were ana-
lysed. Results: Of 8,288
admissions, 520 (6.27 %) had bron-
chiolitis with 343 (65.9 %) having
RSV. Median (±SD) age and LOS
were 2.78 months and 2.68
(±4.32) days. One (0.2 %) patient
died. Assisted ventilation was
required for 399 (76.7 %) patients. A
total of 114 (28.6 %) patients were
intubated directly and 285 (71.4 %)
had a trial of non-invasive ventilation
(NIV). Significant increase in the use
of NIV was seen (2.8 %/year) with
decline in intubation rates

(1.9 %/ year) (p = 0.002). Of NIV
patients, 237 (83.2 %) needed only
NIV and 48 (16.8 %) failed and
therefore needed intubation. The
median LOS was shorter in those who
succeeded NIV (2.38 ± 2.43 days)
compared to those with invasive
ventilation (5.19 ± 6.34 days) and
those who failed NIV
(8.41 ± 3.44 days). Presence of a
risk factor increased the chances of
failing NIV from 6 to 10 %. Conclu-
sion: NIV was successful in the vast
majority of patients, particularly in
those without risk factors and halved
the LOS in intensive care. Failure of
NIV was associated with increased
duration of invasive ventilation and
PICU LOS. A prospective study
comparing different techniques of
NIV will be helpful in defining the
risks of failure of NIV.

Keywords Non-invasive positive-
pressure ventilation ! Bronchiolitis !
Intubation ! Continuous positive
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Introduction

Bronchiolitis is an important respiratory illness in
infancy, particularly for those with co-morbid conditions,
such as chronic lung disease and/or congenital cardiac
disease [1]. It is the most common indication for non-

elective admissions to paediatric intensive care units
(PICU) in Australia and New Zealand, comprising 11.5 %
of such admissions in 2008 as per the Australia and New
Zealand Intensive Care Registry [2]. Whilst outcomes are
typically good, supporting the respiration of an infant
entails a significant length of stay in intensive care,
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O2: back to basics

¨ PAO2=FIO2 – PACO2/R

¨ Determinantes de O2
inspirado
¤ Concentração de O2
¤ Fluxo de O2
¤ Ventilação (volume, 

frequência, tempos, 
padrão, espaço morto)

¨ Determinantes de PaO2

or when breast feeding an infant who is on headbox oxygen.
Owing to the dilutional effects of ambient air, the effective
FIO2—that is, the hypopharyngeal FIO2—may be low and is
unpredictable. Infants dependent on supplemental oxygen
should be given oxygen by nasal catheter when they are fed;
this allows a more predictable and stable oxygen delivery.4

NASAL CANNULAE (FIG 1D)
Nasal cannulae, nasal catheters, and nasopharyngeal cath-
eters are more invasive methods of giving oxygen, and
questions arise about airway obstruction, gastric distension,
the need for humidification, and changes in lung function.

Nasal cannulae are a device ending in two short tapered
tubes (about 1 cm in length) that are designed to lie just
within the nostrils. They are also called nasal prongs. This is
the preferred method of home oxygen therapy in infants.6–8

Older infants with chronic lung conditions may find it difficult
to keep nasal cannulae on, particularly at night.

There is no risk of gastric distension, as it is not possible to
push them in too far. Humidification is not required with
nasal cannulae.9 The natural nasal mechanisms are heating
and humidifying the inspired gases. There is only a slight risk
of airway obstruction by mucus.2 Weber et al10 observed
complete nasal obstruction in eight out of 62 children (age
range seven days to five years) with nasal cannulae.

The FIO2 reaching the patient’s airway is not easy to
determine. Vain et al11 measured the FHO2. FHO2 is almost iden-
tical with the tracheal oxygen concentration, and is therefore
a reliable measure of the actual FIO2 the infant is
breathing.12 13 Ten infants receiving 0.5 or 1 litre/min oxygen
through nasal cannulae were examined (table 1).11 In a recent
study, the same oxygen delivery system produced lower FHO2

values with the same flows (table 1).14 FHO2 was inversely
related to respiratory rate and therefore probably minute ven-
tilation. Whether the mouth was open or closed did not affect
FHO2. The authors were concerned about possible oxygen tox-
icity associated with the high FHO2 values they found. However,

these levels were measured with exceedingly high oxygen
flows not mentioned in any other paper. Fan and Voyles15 used
an indirect method to determine the “true” FIO2. They
measured the transcutaneous PO2 for a given nasal cannula
flow, and then placed the infants into a headbox to evaluate
the FIO2 necessary to reach the same transcutaneous PO2 (table
1). In infants > 3500 g, 1 litre/min 100% nasal cannula oxygen
produced an actual FIO2 of 30%, which is considerably less than
the value obtained by Vain et al. However, Fan and Voyles used
a different nasal cannula system (a 10 F Hudson oxygen cath-
eter was secured under both nares) and the infants studied
were larger. In fact, they found that smaller infants (< 3500 g)
required lower flow rates to deliver a given FIO2 (table 1). Wil-
son et al16 measured FHO2 in very premature infants (table 1).
The 0.5 litre/min value is comparable to the finding of Vain et
al11 in larger infants. Wilson et al observed wide variation in the
FHO2 readings for any given infant (however, no measure of
distribution is given). Finer et al17 measured FHO2 in newborn
infants receiving low flow nasal cannula oxygen (table 1).
They found weight dependent values.

The FHO2 studies show that the actual FIO2 depends on the
cannula flow rate, the FIO2 in the cannula gas flow, the relation
between prong and nasal diameters, and the patient’s body
weight. FHO2 may further depend on minute ventilation and
the relative duration of inspiration and expiration.18 Whether
the amount of mouth breathing affects FHO2 is
controversial.14 18 Sedated infants may have compromised
upper airway patency with decreased minute ventilation.19

Therefore, sedated infants on nasal cannula oxygen may have
a lower FHO2 than unsedated infants. On the other hand, nasal
cannula flow has been shown to produce positive distending
airway pressure,20 21 and Hammer et al19 showed that the appli-
cation of continuous positive airway pressure (CPAP) in
sedated infants improved minute ventilation. Thus, nasal can-
nula oxygen of sufficient flow may increase the actual FIO2

even in sedated infants. The actual FIO2 may decrease with
mouth breathing.2 Even neonates are not exclusive nose

Figure 1 (A) Headbox oxygen; (B) facemask; (C) oxygen administration by holding an oxygen source near the infant’s face; (D) nasal
cannulae; (E) nasal catheter; (F) nasopharyngeal catheter.
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the need for humidification, and changes in lung function.
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to keep nasal cannulae on, particularly at night.
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push them in too far. Humidification is not required with
nasal cannulae.9 The natural nasal mechanisms are heating
and humidifying the inspired gases. There is only a slight risk
of airway obstruction by mucus.2 Weber et al10 observed
complete nasal obstruction in eight out of 62 children (age
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these levels were measured with exceedingly high oxygen
flows not mentioned in any other paper. Fan and Voyles15 used
an indirect method to determine the “true” FIO2. They
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a different nasal cannula system (a 10 F Hudson oxygen cath-
eter was secured under both nares) and the infants studied
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required lower flow rates to deliver a given FIO2 (table 1). Wil-
son et al16 measured FHO2 in very premature infants (table 1).
The 0.5 litre/min value is comparable to the finding of Vain et
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They found weight dependent values.
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cannula flow rate, the FIO2 in the cannula gas flow, the relation
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weight. FHO2 may further depend on minute ventilation and
the relative duration of inspiration and expiration.18 Whether
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upper airway patency with decreased minute ventilation.19
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or when breast feeding an infant who is on headbox oxygen.
Owing to the dilutional effects of ambient air, the effective
FIO2—that is, the hypopharyngeal FIO2—may be low and is
unpredictable. Infants dependent on supplemental oxygen
should be given oxygen by nasal catheter when they are fed;
this allows a more predictable and stable oxygen delivery.4

NASAL CANNULAE (FIG 1D)
Nasal cannulae, nasal catheters, and nasopharyngeal cath-
eters are more invasive methods of giving oxygen, and
questions arise about airway obstruction, gastric distension,
the need for humidification, and changes in lung function.

Nasal cannulae are a device ending in two short tapered
tubes (about 1 cm in length) that are designed to lie just
within the nostrils. They are also called nasal prongs. This is
the preferred method of home oxygen therapy in infants.6–8

Older infants with chronic lung conditions may find it difficult
to keep nasal cannulae on, particularly at night.

There is no risk of gastric distension, as it is not possible to
push them in too far. Humidification is not required with
nasal cannulae.9 The natural nasal mechanisms are heating
and humidifying the inspired gases. There is only a slight risk
of airway obstruction by mucus.2 Weber et al10 observed
complete nasal obstruction in eight out of 62 children (age
range seven days to five years) with nasal cannulae.

The FIO2 reaching the patient’s airway is not easy to
determine. Vain et al11 measured the FHO2. FHO2 is almost iden-
tical with the tracheal oxygen concentration, and is therefore
a reliable measure of the actual FIO2 the infant is
breathing.12 13 Ten infants receiving 0.5 or 1 litre/min oxygen
through nasal cannulae were examined (table 1).11 In a recent
study, the same oxygen delivery system produced lower FHO2

values with the same flows (table 1).14 FHO2 was inversely
related to respiratory rate and therefore probably minute ven-
tilation. Whether the mouth was open or closed did not affect
FHO2. The authors were concerned about possible oxygen tox-
icity associated with the high FHO2 values they found. However,

these levels were measured with exceedingly high oxygen
flows not mentioned in any other paper. Fan and Voyles15 used
an indirect method to determine the “true” FIO2. They
measured the transcutaneous PO2 for a given nasal cannula
flow, and then placed the infants into a headbox to evaluate
the FIO2 necessary to reach the same transcutaneous PO2 (table
1). In infants > 3500 g, 1 litre/min 100% nasal cannula oxygen
produced an actual FIO2 of 30%, which is considerably less than
the value obtained by Vain et al. However, Fan and Voyles used
a different nasal cannula system (a 10 F Hudson oxygen cath-
eter was secured under both nares) and the infants studied
were larger. In fact, they found that smaller infants (< 3500 g)
required lower flow rates to deliver a given FIO2 (table 1). Wil-
son et al16 measured FHO2 in very premature infants (table 1).
The 0.5 litre/min value is comparable to the finding of Vain et
al11 in larger infants. Wilson et al observed wide variation in the
FHO2 readings for any given infant (however, no measure of
distribution is given). Finer et al17 measured FHO2 in newborn
infants receiving low flow nasal cannula oxygen (table 1).
They found weight dependent values.

The FHO2 studies show that the actual FIO2 depends on the
cannula flow rate, the FIO2 in the cannula gas flow, the relation
between prong and nasal diameters, and the patient’s body
weight. FHO2 may further depend on minute ventilation and
the relative duration of inspiration and expiration.18 Whether
the amount of mouth breathing affects FHO2 is
controversial.14 18 Sedated infants may have compromised
upper airway patency with decreased minute ventilation.19

Therefore, sedated infants on nasal cannula oxygen may have
a lower FHO2 than unsedated infants. On the other hand, nasal
cannula flow has been shown to produce positive distending
airway pressure,20 21 and Hammer et al19 showed that the appli-
cation of continuous positive airway pressure (CPAP) in
sedated infants improved minute ventilation. Thus, nasal can-
nula oxygen of sufficient flow may increase the actual FIO2

even in sedated infants. The actual FIO2 may decrease with
mouth breathing.2 Even neonates are not exclusive nose

Figure 1 (A) Headbox oxygen; (B) facemask; (C) oxygen administration by holding an oxygen source near the infant’s face; (D) nasal
cannulae; (E) nasal catheter; (F) nasopharyngeal catheter.
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FHO2 readings for any given infant (however, no measure of
distribution is given). Finer et al17 measured FHO2 in newborn
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They found weight dependent values.

The FHO2 studies show that the actual FIO2 depends on the
cannula flow rate, the FIO2 in the cannula gas flow, the relation
between prong and nasal diameters, and the patient’s body
weight. FHO2 may further depend on minute ventilation and
the relative duration of inspiration and expiration.18 Whether
the amount of mouth breathing affects FHO2 is
controversial.14 18 Sedated infants may have compromised
upper airway patency with decreased minute ventilation.19

Therefore, sedated infants on nasal cannula oxygen may have
a lower FHO2 than unsedated infants. On the other hand, nasal
cannula flow has been shown to produce positive distending
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Dispositivos Determinantes



Fluxo/débito: alto ou baixo?

¨ Baixo-fluxo
¤ Cánulas/sondas/ 

óculos nasais, 
nasofaríngeos

¤ Máscara facial simples
¤ Máscara com 

reinalação parcial

¨ Alto-fluxo
¤ Máscaras sem

reinalação
¤ Cânulas de alto fluxo

humidificado
aquecido ((HH)High 
Flow Nasal Cannula)

Definido em relação a fluxo inspiratório do doente
Valores aproximados

Determinantes: idade, dispositivo

Máscaras Venturi



Limites do baixo fluxo: FiO2

The greater the ventilation, the lower the Fio2 for a given flow
rate of supplemental oxygen. It is impossible to provide a fixed
Fio2 to a patient with a varying ventilatory requirement unless
the total ventilatory minute volume is provided at the required
Fio2.

There are two basic types of oxygen mask which deliver
either the entire (high flow mask) or a proportion (low flow
mask) of the ventilatory requirement. High flow systems deliver
about 40 l/min of gas through the mask, which is usually
sufficient to meet the total respiratory demand. This ensures
that the breathing pattern will not affect the Fio2. The masks
contain venturi valves, which use the principle of jet mixing
(Bernoulli effect). When oxygen passes through a narrow orifice
it produces a high velocity stream that draws a constant
proportion of room air through the base of the venturi valve.
Air entrainment depends on the velocity of the jet (the size of
orifice and oxygen flow rate) and the size of the valve ports. It
can be accurately controlled to give inspired oxygen levels of
24-60%.

Oxygen masks
Although many different designs of high and low flow systems
are available, only a few are used regularly.

High flow, jet mixing masks are useful for accurately delivering
low concentrations of oxygen (24-35%). They provide the total
ventilatory requirement unaffected by the pattern of ventilation.
In patients with chronic obstructive pulmonary disease and type
II respiratory failure these masks reduce the risk of carbon
dioxide retention while improving hypoxaemia. They are loose
fitting and comfortable to wear. Rebreathing of expired gas is
not a problem because the mask is flushed by the high flow
rates.

Low flow masks—A concentration of up to 60% can be
achieved with moderate oxygen flow rates (6-10 l/min), and
these masks are used mainly in type I respiratory failure (for
example, pulmonary oedema, pulmonary embolus). At low
oxygen flow rates ( < 5 l/min) significant rebreathing may occur
because exhaled air is not adequately flushed from the face
mask. This makes it difficult to acheive a low inspired oxygen
concentration and prevent retention of carbon dioxide.These
masks are generally not suitable for patients with type II
respiratory failure.

25 l/min

escapes

from mask

30 l/min

into mask

5 l/min inspired

2 l/min oxygen

30 l/min

Entrained air

2 l/min

oxygen

14 l/min

air

Jet of

oxygen

Total gas

flow

14 l/min

air

3 l/min

air drawn

into mask

2 l/min

oxygen into

mask

5 l/min inspired

2 l/min oxygen

High flow (venturi) face mask Low flow face mask

High flow oxygen masks provide the entire ventilatory requirement using a
venturi valve. The port size of the valve ensures the correct proportions of
oxygen and entrained air are mixed to obtain a fixed oxygen concentration.
Low flow oxygen masks do not provide the entire ventilatory requirement. Air
is drawn in through the loose fitting mask to supplement the oxygen flow rate

High flow oxygen mask and series of venturi valves. The flow rate of oxygen
required to provide a fixed concentration of oxygen is shown on each valve

Typical low flow mask. This mask is ideal for providing
high concentrations of oxygen (40-60%). The flow rate
of oxygen required to achieve an approximate Fio2 is
shown on the mask packaging

Patient with chronic obstructive pulmonary disease

In respiratory
distress

Ventilatory
minute volume

(Respiratory

rate x

tidal volume)

Oxygen
flow rate

Calculation
of inspired

oxygen
concentration

(FiO2)

30 l/min
(40 breaths/min x

750 ml/breath)

2 l/min

2 l/min of 100% oxygen

+

28 l/min of air drawn into the

mask (21% oxygen)

=

30 l/min minute volume

Thus
FiO2 =
(1.0x2) + (0.21x28)

After relief of
respiratory distress

30

= 0.26 (26%) = 0.53 (53%)

5 l/min
(10 breaths/min x

500 ml/breath)

2 l/min

2 l/min of 100% oxygen

+

3 l/min of air drawn into the

mask (21% oxygen)

=

5 l/min minute volume

Thus
FiO2 =
(1.0x2) + (0.21x3)

5

Fio2 depends on ventilatory minute volume and flow rate of oxygen. This is
illustrated by calculating the Fio2 at a fixed oxygen flow rate of 2 l/min in a
patient with an exacerbation of chronic obstructive pulmonary disease
before and after treatment

Clinical review

800 BMJ VOLUME 317 19 SEPTEMBER 1998 www.bmj.com

Cânula nasal
Fluxo FiO2
1 0.24
2 0.28
3 0.32
4 0.36
5 0.4
6 0.44

Máscara simples
Fluxo FiO2
5-6 0.4
6-7 0.5
7-8 0.6

Bateman 1998



Limites do baixo fluxo: FiO2/PEEP

¨ Variabilidade na FiO2... ¨ ...e PEEP (cm H2O)

¤ Cânulas nasais
n Locke et al 

n Prematuros, 1600g
n 1mm, 1 l/min – 0
n 3mm, 1 l/min – 4.2

n Sreenan et al
n Prematuros, 1000g

n 1mm, 1.6l/min – 4.5

¤ Sonda nasofaríngea
n Frey et al

n Lactentes, 5.9-11.8kg
n 8F, 1l/min – 2.8

portion of the nasal cavity receives lower velocity gas,
yet flow is enhanced with sniffing.

• The anterior nasal cavity’s functional nasal valve is the
narrowest point of the nasal passage and major determi-
nant of flow; this area is the flow limiting segment. The
minimum cross-sectional area in adults is approximately
3 cm from the anterior naris.

• The posterior cavity is wider and circular; expiratory
flow is directed along the turbinates.

• Nasal cavity volume and area have a linear relation-
ship to flow; the nasal cavity does not directly follow the
Poiseuille equation.

• Dynamic changes in nasal resistance may be affected by
collapse of soft tissues as well as downstream resistance
of the lower airways.

Differences in the newborn’s nasal airway anatomy
should also be considered.

• The nose is the preferred route, but is supplemented by
oral breathing during sleep; the term “obligatory nasal
breathers” has traditionally been used.28

• While feeding, a neonate’s breathing is facilitated by the
posterior tongue pressing upward on the soft palate to
block the oral airway, which is referred to as the “velo-
glossal sphincter.” This contributes to mouth breathing,
requiring more coordination and creating higher resis-
tance than only nasal breathing.29

• Primary oronasal breathing occurs normally with crying
and returns to uninterrupted nasal or some combination
of oronasal. When the nose is occluded, approximately
40–50% of normal term infants will quickly switch to
oral breathing in 3–9 seconds; others require up to 30 sec-
onds.28

• There is a high level of resistance with oral breathing in
preterm infants, which may limit effective breathing and
result in obstructed efforts. Ability to adjust to sustained
oral ventilation if nasal resistance or occlusion occurs is
an important adaptive phenomenon in neonates and older
infants.30

• A premature infant’s skin is especially susceptible to
injury from nasal mask prongs from nasal CPAP
(NCPAP), or HFNC devices. Damage may occur at
the nares, intranasal septum, the septum’s anterior tip
(columella), or philtrum. Both correct sizing and stabi-
lization to prevent abrasion from device or tubing trac-
tion can minimize nasal lesions.

• In summary, the anatomy and nature of the nasal and
nasopharyngeal airway of preterm, neonate, and infant
babies suggests a complex pattern of resistance level and
nose versus mouth breathing. There are also complex
physical relationships in the adult airway, which result
in changing dynamics on inspiration and exhalation.
These factors may make bench or in vitro studies using
resuscitation-type manikins difficult to apply to humans.

Proposed Benefits of High-Flow Oxygen
Via Cannula in Adult and Neonatal Care

To improve the efficiency of the standard adult nasal
cannula use at low flows, 2 approaches have been used
to increase the volume of the inhaled oxygen bolus and
reduce air dilution. The first technique was to attach stor-
age reservoirs to the cannula. That approach was describe
by Barach in 1960.31 Contemporary storage cannulas on
those themes exist today but are largely relegated to am-
bulatory therapy.32,33 The alternative approach was to in-
crease levels of gas flow to the cannula. Since the mid-
1960s respiratory care textbooks have cautioned directing
flow ! 6 L/min with the cannula34,35; such recommenda-
tions continue.15 Reasons given include general patient
discomfort, frontal sinus pain, as well as physical irritation
and drying of nasal mucosa. The separate technical issue
of humidification is a complicating factor. In current prac-

Fig. 4. Physical variables affecting FIO2
of nasal cannula with in-

creasing breathing frequency (f), at flows from 1–5 L/min. Graphic
and equation identify multiple factors that cause an exponential
decline in volume of oxygen that can be inspired with increasing f.
Tidal volume (VT) and dead space (VD) were held constant. V̇O2

"
oxygen uptake. TI " inspiratory time. Ttot " total respiratory cycle
time. (From Reference 24.)

HIGH-FLOW OXYGEN ADMINISTRATION BY NASAL CANNULA FOR ADULT AND PERINATAL PATIENTS

RESPIRATORY CARE • JANUARY 2013 VOL 58 NO 1 103
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Outros limites do baixo fluxo

¨ Baixa temperatura

¨ Baixa humidificação

¨ Espaço morto
anatómico

¨ Se maior fluxo…
¨ secura das mucosas
¨ desconforto
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a rapid CO2 analyzer. FAco2 can be converted to  partial 
pressure of CO2 by multiplying by Pb − 47 mm Hg. Thus,

In normal subjects, the Pco2 in alveolar gas (PAco2) 
is the same as the arterial Pco2 (Paco2), which can be 
used to determine alveolar ventilation. Note the impor-
tant relationship between alveolar ventilation and Paco2. 
When Va is halved, then Paco2 must double at a con-
stant Vco2; when Va is doubled, Paco2 is halved at a 
constant Vco2.

DEAD SPACE
The volume of the conducting airways is called the 
anatomic dead space (Vdanat) and is approximately 
25% of each tidal volume (Vt). Anatomic dead space 
in milliliters is roughly equal to the weight of the sub-
ject in pounds (for a 7-pound baby, 7 or 8 mL; for an 

adult, 150 mL). In the normal premature infant, ana-
tomic dead space is slightly higher than 30%. In prac-
tice, anatomic dead space is seldom measured but may 
be obtained by Fowler's method, which requires that 
a single breath of oxygen be inspired. On expiration, 
both the volume of expired gas and the percentage of 
nitrogen are measured. The first portion of the expired 
gas comes from the dead space and contains little or 
no nitrogen. As the breath is expired, the percentage 
of nitrogen increases until it “plateaus” at the alveolar 
concentration. By assuming that all the initial part of 
the breath comes from the anatomic dead space and all 
the latter portion from the alveoli, the anatomic dead 
space can be calculated. The same measurements can 
be made by monitoring the expired carbon dioxide con-
centration. In practice, anatomic dead space is difficult 
to define accurately, because it depends on lung vol-
ume (greater at large lung volumes when the airways 
are more distended) and on body position (smaller in 
supine position).

= 2 2A CO COV V /PA

A B

FIGURE 5-23. A and B, Partial pressures of oxygen and carbon dioxide in different portions of the airway and blood.

Ochs 2012



A key point in the administration of these high flow rates
is the need for heating and humidification [4]. Thus, flow
rates[6 lpm are not generally recommended for standard
nasal cannulae given limitations of bubble humidification.
Distinct from standard nasal cannula systems, devices that
can effectively heat and humidify gas at very high flow
rates are considered heated, humidified, high flow nasal
cannulae (HFNC) (Fig. 1).

HFNC systems are increasingly being utilized in
critically ill infants, children, and adults. When compared
to regular nasal cannula and facemask oxygen, HFNC
appears to provide an increased level of respiratory sup-
port. HFNC initially began as an alternative respiratory
support to nasal continuous positive airway pressure
(CPAP) for premature infants, but is being increasingly
utilized in patients with respiratory distress.

In this review, we critically analyze the available lit-
erature regarding the use and effectiveness of HFNC as a
mode of respiratory support for neonates, children, and
adults. In addition, we discuss the physiology of HFNC,
proposed mechanisms of action, and describe ongoing and
planned HFNC clinical trials. In the Online Supplement,
we included sections on advantages, disadvantages and
delivery systems.

Critical appraisal of clinical studies of HFNC
in neonates, children and adults

We searched for publications and abstracts in PubMed,
Embase, Cochrane database of systematic reviews, and
Cumulative Index to Nursing and Allied Health Literature
using MeSH headings: ‘‘oxygen inhalation therapy’’ OR
‘‘positive pressure respiration’’ AND text words ‘‘high
flow nasal’’ OR ‘‘nasal cannula’’ OR ‘‘nasal prong.’’ We
did not limit our search by publication type. We limited
our search to English publications and human studies. In

addition, we hand-searched bibliographies of review
articles on HFNC to include additional references not
captured in the initial search. For this review, we con-
sidered publications where HFNC was delivered via
specially designed equipment that can effectively heat,
humidify, and handle increased flow rates and excluded
those that reported high flow rates via standard nasal
cannula. For the clinical review, we discuss studies
studying an active comparator to HFNC. In sections
describing mechanisms of action, advantages, disadvan-
tages, and delivery systems, we included studies without
an active comparator.

HFNC in neonates

The concept of high flow oxygen started in neonatal
intensive care units (ICUs) as an alternative to nasal
CPAP [5]. For neonates, any flow [1 lpm is commonly
considered high flow. Using this definition, there is
increasing use of high flow oxygen in neonates [6, 7].
Locke et al. [8] first demonstrated that gas flows up to
2 lpm through nasal cannula were able to generate up to
9.8 cmH2O of end expiratory distending pressure, mea-
sured using a balloon catheter in the distal esophagus of
premature infants. While unmeasured distending pressure
is of potential concern in the management of premature
infants, this study served as an impetus for further
investigations to better characterize the degree, consis-
tency, and safety of positive pressure generation with
higher gas flows through nasal cannulae.

In their Cochrane review on HFNC for respiratory
support in premature infants, Wilkinson et al. [9] identi-
fied trials using nasal cannula [1 lpm. Out of 15
identified studies, only three randomized studies [10–12]
and one cross-over study [13] were included. Three
studied flows [2 lpm and one included a non-heated
bubble humidifier system. From these four studies, this

Fig. 1 Basic setup of HFNC

Alto fluxo

FiO2

Humidificação + aquecimento

Fluxo/pressão
Interface

The greater the ventilation, the lower the Fio2 for a given flow
rate of supplemental oxygen. It is impossible to provide a fixed
Fio2 to a patient with a varying ventilatory requirement unless
the total ventilatory minute volume is provided at the required
Fio2.

There are two basic types of oxygen mask which deliver
either the entire (high flow mask) or a proportion (low flow
mask) of the ventilatory requirement. High flow systems deliver
about 40 l/min of gas through the mask, which is usually
sufficient to meet the total respiratory demand. This ensures
that the breathing pattern will not affect the Fio2. The masks
contain venturi valves, which use the principle of jet mixing
(Bernoulli effect). When oxygen passes through a narrow orifice
it produces a high velocity stream that draws a constant
proportion of room air through the base of the venturi valve.
Air entrainment depends on the velocity of the jet (the size of
orifice and oxygen flow rate) and the size of the valve ports. It
can be accurately controlled to give inspired oxygen levels of
24-60%.

Oxygen masks
Although many different designs of high and low flow systems
are available, only a few are used regularly.

High flow, jet mixing masks are useful for accurately delivering
low concentrations of oxygen (24-35%). They provide the total
ventilatory requirement unaffected by the pattern of ventilation.
In patients with chronic obstructive pulmonary disease and type
II respiratory failure these masks reduce the risk of carbon
dioxide retention while improving hypoxaemia. They are loose
fitting and comfortable to wear. Rebreathing of expired gas is
not a problem because the mask is flushed by the high flow
rates.

Low flow masks—A concentration of up to 60% can be
achieved with moderate oxygen flow rates (6-10 l/min), and
these masks are used mainly in type I respiratory failure (for
example, pulmonary oedema, pulmonary embolus). At low
oxygen flow rates ( < 5 l/min) significant rebreathing may occur
because exhaled air is not adequately flushed from the face
mask. This makes it difficult to acheive a low inspired oxygen
concentration and prevent retention of carbon dioxide.These
masks are generally not suitable for patients with type II
respiratory failure.

25 l/min

escapes

from mask

30 l/min

into mask

5 l/min inspired

2 l/min oxygen

30 l/min

Entrained air

2 l/min

oxygen

14 l/min

air

Jet of

oxygen

Total gas

flow

14 l/min

air

3 l/min

air drawn

into mask

2 l/min

oxygen into

mask

5 l/min inspired

2 l/min oxygen

High flow (venturi) face mask Low flow face mask

High flow oxygen masks provide the entire ventilatory requirement using a
venturi valve. The port size of the valve ensures the correct proportions of
oxygen and entrained air are mixed to obtain a fixed oxygen concentration.
Low flow oxygen masks do not provide the entire ventilatory requirement. Air
is drawn in through the loose fitting mask to supplement the oxygen flow rate

High flow oxygen mask and series of venturi valves. The flow rate of oxygen
required to provide a fixed concentration of oxygen is shown on each valve

Typical low flow mask. This mask is ideal for providing
high concentrations of oxygen (40-60%). The flow rate
of oxygen required to achieve an approximate Fio2 is
shown on the mask packaging

Patient with chronic obstructive pulmonary disease

In respiratory
distress

Ventilatory
minute volume

(Respiratory

rate x

tidal volume)

Oxygen
flow rate

Calculation
of inspired

oxygen
concentration

(FiO2)

30 l/min
(40 breaths/min x

750 ml/breath)

2 l/min

2 l/min of 100% oxygen

+

28 l/min of air drawn into the

mask (21% oxygen)

=

30 l/min minute volume

Thus
FiO2 =
(1.0x2) + (0.21x28)

After relief of
respiratory distress

30

= 0.26 (26%) = 0.53 (53%)

5 l/min
(10 breaths/min x

500 ml/breath)

2 l/min

2 l/min of 100% oxygen

+

3 l/min of air drawn into the

mask (21% oxygen)

=

5 l/min minute volume

Thus
FiO2 =
(1.0x2) + (0.21x3)

5

Fio2 depends on ventilatory minute volume and flow rate of oxygen. This is
illustrated by calculating the Fio2 at a fixed oxygen flow rate of 2 l/min in a
patient with an exacerbation of chronic obstructive pulmonary disease
before and after treatment

Clinical review
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Heated Humidified High Flow
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Vantagens potenciais do alto fluxo
¨ Fluxo superior ao doente e FiO2 

controlado
¤ precisão/titulação no FiO2

¤ minimiza espaço morto
anatómico, menor reinalação, 
maior eficiência nas trocas
gasosas

¨ Aquecimento e humidificação
(34º-37⁰C, 44mg/L)
¤ melhor clearance mucociliar, 

menor viscosidade secreções
¤ redução resistência nasal 

¨ Cânulas standardizadas
¤ relação fluxo/pressão
¤ adaptação e conforto doente
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2% to 10%,  2 , 6   and around 5% to 9% of these will result in 
admission to critical care because of either respiratory 
failure or apneas.  7 , 8   
 Th e pathogenesis of respiratory failure in bronchiolitis 
is multifactorial but is mainly a disease of small airway 
obstruction ( Fig 1 ). RSV infects epithelia, leading to 
cell death and a complex infl ammatory cascade.  9 , 10   Cell 
debris, ciliary dysfunction, and cytokine release cause 
intraluminal mucus  11   (the plugging of which leads to 
atelectasis and ventilation-perfusion mismatch), airway 
wall edema, and interstitial changes leading to decreased 
lung compliance. A predominantly alveolar presentation 
causing ARDS has also been described.  12       
 Infants are especially susceptible to respiratory failure 
in bronchiolitis because of certain developmental and 
anatomic factors. Because they breathe largely through 
the nose, the viral nasal secretions make breathing 
particularly diffi  cult.  13   Th eir prominent occipital bones 
cause a tendency to neck flexion and upper airway 
obstruction.  14   Alveoli are still developing in number and 

  
  Figure 1 –     Mechanisms of respiratory failure in bronchiolitis and possible 
actions of CPAP and HFNC. Intraluminal mucus and debris cause 
airway obstruction (A) and increased resistance (B). Warmed, 
humidifi ed oxygen can reduce intraluminal mucus (A1), and positive 
end-expiratory pressure (PEEP) from CPAP (and possibly HFNC) might 
help to overcome resistance (B1). Intraluminal obstruction causes 
atelectasis (C). Increased PEEP prevents atelectasis (C1). Increased 
interstitial edema limits oxygen transport to blood, contributing to 
hypoxemic respiratory failure (D). CPAP and HFNC are effi  cient 
methods of delivering high oxygen concentrations to the lower airways 
(D1), which may overcome this. All these mechanisms cause respiratory 
muscle fatigue (E). Overcoming airway resistance (A1 and B1), reducing 
atelectasis (C1), and increasing oxygen delivery to the blood (D1) can 
help to reduce this respiratory muscle fatigue (E1). Although primarily a 
small airways disease    , increased respiratory eff orts can cause upper 
airway collapse in infants (F), and PEEP may help to reduce this (F1). 
HFNC  5  high-fl ow nasal cannula.        

function  14   as are respiratory muscle fi bers, a relatively 
low proportion of which are fatigue resistant.  15   Younger 
and premature infants may also be vulnerable to RSV 
(and other virus)-induced central autonomic dysfunc-
tion, which could explain their higher risk of apneas.  16   
Various factors are associated with severe illness, such as 
age  ,  3 months,  17   ex-prematurity  18   (particularly in those 
with bronchopulmonary dysplasia  19  ), coexisting cardiac 
disease,  20   neuromuscular disease,  21   immunodefi ciency,  21   
and other chronic respiratory illness.  21   
 Although large randomized controlled trials (RCTs) 
have tried to identify interventions that may prevent 
respiratory failure in bronchiolitis, the mainstays of 
treatment continue to be adequate respiratory and 
nutritional support.  22   Although nebulized epinephrine 
and hypertonic saline have emerged as potential 
options,  23 - 25   evidence to date has been nonconclusive  26   
and lacking in infants with severe disease or risk factors 
predicting the need for mechanical ventilation.  27   
 Most infants do not require active respiratory support, 
and for the majority of those who do, supplementary 
oxygen therapy will suffi  ce. Th is has traditionally been 
delivered by ambient headbox (which can deliver up to 
around 60% humidifi ed oxygen) or low-fl ow nasal 
cannula, which can deliver unwarmed, unhumidifi ed 
oxygen up to around 2 L/min. Th e concentration of 
oxygen delivered is variable and neither measurable nor 
controllable, and although assumed to be up to 30%, it 
may in fact be higher in infants.  28   In infants with severe 
respiratory compromise, headbox oxygen and low-fl ow 
cannulae treat hypoxemia but do not in themselves 
overcome airways resistance, reduce the work of breathing 
and respiratory fatigue, or loosen thick intraluminal 
mucus. Nasal CPAP and high-fl ow nasal cannula (HFNC) 
oxygen theoretically off er at least some of these advan-
tages and are increasingly used as modalities of nonin-
vasive respiratory support for infants with bronchiolitis 
and respiratory distress. We summarize in this article 
the physiologic rationale and evidence from clinical 
research studies for CPAP and HFNC in infants with 
bronchiolitis. Th ese studies were identifi ed in April 2014 
by searching MEDLINE and the Cochrane Central 
Register of Controlled Trials using terms related to 
bronchiolitis, RSV, CPAP, and HFNC.  

 Nasal CPAP 
 When we consider the pathophysiology of respiratory 
failure in bronchiolitis, CPAP appears to be an attractive 
intervention for improving breathing effi  ciency. In theory, 
positive end-expiratory pressure (PEEP) increases 
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Efeitos possíveis na bronquiolite

Redução muco intraluminal

Menor resistência

Menos atelectasias

Maior oxigenação

Menor esforço
respiratório



Pressão: solução ou problema?

¨ Pressão positiva pode
ser gerada

¨ PEEP...+PIP?
¨ Variabilidade

¤ Fluxo
¤ Anatomia vias aéreas

superiores
¤ Tamanho

cânulas/narinas
¤ Boca aberta/fechada

¨ Eficácia...e segurança?

Overview of included patients

The 21 included patients were 1.5 (95 % CI 0.75–2.19)
months old [range 0.5–6], and weighed 4.3 (95 % CI
3.6–4.9) kg [range 2.6–7.3].

One infant had been born prematurely at 35 weeks
gestational age, and another term neonate had a birth
weight \2 SD below the mean for gestational age. No
patient had chronic lung disease, congenital cardiac dis-
ease or respiratory malformation.

It was the first episode of RSV bronchiolitis for all these
infants. Three of them had received a nebulized b-adren-
ergic agent, and three others a corticosteroid treatment.
These treatments were stopped on arrival at the pediatric
emergency department, i.e., more than 24 h before enroll-
ment, and were not administered during the study period.

Nine infants had been treated with caffeine for
recurrent apnea, and antibiotics had been initiated in ten
of them during the study.

Baseline respiratory features

In infants placed on 1 L/min, the mean baseline values were
as follows: m-WCAS: 2.3 (95 % CI 1.9–2.7), RR: 81 (95 %
CI 73–88) breaths/min, Ti/Ttot: 0.44 (95 % CI 0.38–0.48),
FiO2: 0.23 (95 % CI 0.21–0.26), SpO2: 96 (95 % CI
95–97), and PCO2: 52 (95 % CI 46–58) torr. PTPesinsp/min
was 546 (95 % CI 395–696) cm H2O/s/min.

PP generated by HFNC

The mean PP increased from 0.2 (95 % CI -0.2 ± 0.7)
cmH2O at 1 L/min to 4 (95 % CI 3–5) cmH2O at maximal
flow (p = 0.0001). Mean PP and flow were correlated
(R = 0.65, p \ 0.0001), but only flows C6 L/min gen-
erated increases in PP resulting in positive pressure values
during both inspiration and expiration. At each flow,
expiratory PP was positive (Fig. 2). A correlation was
observed between the weight-indexed flow rate (L/Kg/
min) and the generated PP (R = 0.77, p B 0.001). A
flow C2L/kg/min was associated with the generation of a
mean pharyngeal pressure C4 cmH2O with a sensitivity
of 67 %, a specificity of 96 %, a positive predictive value
of 75 %, and a negative predictive value of 94.5 %. The
interindividual coefficient of variation of mean PP
decreased from 77 % at 4 L/min to nearly 50 % at
6 L/min and maximal flow rate.

Effects of increasing nasal cannula flow rate
on respiratory distress (Fig. 3a, b)

Increasing the flow from 1 to 7 L/min resulted in signif-
icant reductions of RR (p = 0.007) and m-WCAS

(p = 0.0096). No change was observed for oxygen
requirements (p = 0.28) or SpO2 (p = 0.28).

Effects of increasing nasal cannula flow rate on breathing
pattern and respiratory effort (Fig. 3c, d)

Compared with 1 L/min, Ti/Ttot was lower (p = 0.02),
Pes swing decreased (p = 0.04), and PTPesinsp/min
(p = 0.007) was also reduced at maximal flow rate. The
decreases in Pes and PTP were correlated with an increase
in PP (R = 0.38, p = 0.0097 and R = 0.418, p = 0.0038,
respectively).

Patient outcomes

On average, HFNC was maintained for 62 (95 % CI
39–85) h, 96 (95 % CI 22–170) h for those placed directly
on the cannula and 52 (95 % CI 36–70) h for those who
transitioned to HFNC from nCPAP; p = 0.26.

No infant placed under HFNC presented complica-
tions, particularly air leak syndrome, and none required
backup treatment with nCPAP or intubation. The hospital
stay was 4.5 (95 % CI 3.6–5.3) days.

Discussion

In young infants with RVS bronchiolitis, use of a nasal
cannula with a flow rate of 7 L/min was able to generate
positive mean PP throughout the respiratory cycle. This
increase resulted in an approximately 50 % reduction in
respiratory effort and rapid improvement in the moderate
respiratory distress of these patients.
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Fig. 2 Maximum (Max) and minimum (Min) pharyngeal pressure
(PP) amplitude generated by the high flow nasal cannula (HFNC),
using flows ranging from 1 to 7 L/min. *p \ 0.05, **p \ 0.01 vs
1 L/min
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Que evidência? Estudos pré/pós-OAF

¨ Estudo observacional, 
retrospectivo

¨ n=115, UCI

¨ Comparador: pré/pós
implementação de OAF na
UCI

¨ Outcome primário (eficácia): 
proporção de intubação
¤ OR ajustado 0.35 (0.11-1.14)

¨ Estudo observacional, 
retrospectivo

¨ n=2446 enfermaria, n=533 
com OAF, n=290 UCI

¨ Comparador: pré/pós
implementação de OAF na
enfermaria

¨ Outcome primário (eficácia): 
duração de internamento UCI
¤ Mediana 3 vs 4 dias (p<0.001)

¨ Sem diferenças VI

High Flow Nasal Cannulae Therapy in Infants with Bronchiolitis
Christine McKiernan, MD, Lee Chadrick Chua, MD, Paul F. Visintainer, PhD, and Holley Allen, MD

Objectives To determine whether the introduction of heated humidified high-flow nasal cannulae (HFNC) therapy
was associated with decreased rates of intubation for infants <24 months old with bronchiolitis admitted to a pedi-
atric intensive care unit (PICU).
Study design A retrospective chart review of infants with bronchiolitis admitted before and in the season after
introduction of HFNC.
Results In the season after the introduction of HFNC, only 9% of infants admitted to the PICU with bronchiolitis
required intubation, compared with 23% in the prior season (P=.043). This 68% decrease in need for intubation per-
sisted in a logistic regression model controlling for age, weight, and RSV status. HFNC therapy resulted in a greater
decrease in respiratory rate compared with other forms of respiratory support, and those infants with the greatest
decrease in respiratory rate were least likely to be intubated. In addition, median PICU length of stay for children with
bronchiolitis decreased from 6 to 4 days after the introduction of HFNC.
Discussion We hypothesize that HFNC decreases rates of intubation in infants with bronchiolitis by decreasing
the respiratory rate and work of breathing by providing a comfortable and well-tolerated means of noninvasive
ventilatory support. (J Pediatr 2010;156:634-8).

V
iral bronchiolitis is a common cause of lower respiratory tract infection in infants and often requires hospitalization in
children younger than 2 years of age. It is characterized by wheezing and mucous plugging, resulting in airway obstruc-
tion. Monitoring and supportive therapy are the mainstays of treatment because no specific medical therapy is of proven

benefit.
Respiratory support in infants with severe bronchiolitis has historically been provided by supplemental oxygen. Nasal contin-

uous positive airway pressure (NCPAP) has been shown to improve clinical scores, decrease respiratory rate (RR), and improve
ventilation in infants admitted to a pediatric intensive care unit (PICU) with bronchiolitis.1-4 However, NCPAP is cumbersome
and typically poorly tolerated by infants and young children.5 Infants with more significant respiratory distress or with apnea
require endotracheal intubation and mechanical ventilation to support oxygenation and ventilation. These therapies, however,
may result in barotrauma or volutrauma to the lungs, trauma to the airways, or ventilator-associated pneumonia.5

Heated, humidified, high-flow nasal cannulae (HFNC) is a relatively new therapy that allows the delivery of high inspired gas
flows (1-8 L/min in infants) with or without an increased oxygen concentration.6-8 Ideally, these devices should deliver flow
greater than the patient’s peak inspiratory demand to fully supply a patient’s minute ventilation. In addition to providing
heated and humidified gases, HFNC provides some level of continuous positive airway pressure (CPAP), although the exact
level cannot always be predicted. Neonatal studies show that the amount of CPAP generated depends on the flow delivered
relative to the size of the patient and on the leak around the nasal cannulae.9-11 Flows of 3 to 5 L/min in term and preterm
infants with the Fisher & Paykel system (Fisher & Paykel Healthcare, Irvine, California) with Salter brand infant-size cannulae
(Salter Labs, Arvin, California) have been shown to generate CPAP measured as intrapharyngeal pressure of 1.7 to 4.8 cm
H2O.12

A randomized study of HFNC versus NCPAP used after extubation to prevent reintubation in preterm infants <1250 g
showed that HFNC ‘‘failed to maintain extubation status’’ as effectively as NCPAP.13 A subsequent study, however, with
HFNC and an early extubation protocol in preterm infants 25 to 29 weeks gestation showed that infants could safely be extu-
bated from higher ventilator settings and thus had fewer ventilator days compared with historical control subjects.14 In addition,
a retrospective study of two tertiary care hospitals after the introduction of HFNC demonstrated that with the increase in use of
HFNC compared with NCPAP in historical control subjects, overall ventilator days per patient decreased from 19.4 to 9.9 with
no associated increase in other adverse outcomes.15
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CPAP Continuous positive airway pressure

HFNC Heated humidified high flow nasal cannulae

LOS Length of stay

NCPAP Nasal continuous positive airway pressure

PICU Pediatric Intensive Care Unit

RR Respiratory rate

RSV Respiratory syncytial virus
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Effect of a Hospital-wide High-Flow Nasal Cannula
Protocol on Clinical Outcomes and Resource
Utilization of Bronchiolitis Patients Admitted
to the PICU
Jeffrey Riese, MD, Jamie Fierce, MD, Alison Riese, MD, MPH, Brian K. Alverson, MD

A B S T R A C T OBJECTIVE: To assess the association of the introduction of a high-flow nasal cannula (HFNC)
protocol with clinical outcomes and hospital charges of infants with bronchiolitis initially admitted to
the PICU.

METHODS: We conducted a retrospective, nonrandomized, preintervention-postintervention
study of infants with bronchiolitis initially admitted to the PICU for HFNC. We compared patients
admitted in the 24 months before and after protocol initiation for HFNC use on the general wards.
The primary outcome assessed was length of hospital stay (LOS), and the secondary outcomes
included total hospital charges, intubation, and 30-day readmission. We conducted bivariate analysis
using x2 test for categorical variables and Student’s t test or Wilcoxon rank sum test for continuous
variables.

RESULTS: Two hundred and ninety patients were admitted to the PICU on HFNC; 120 patients
were admitted before and 170 admitted after the introduction of HFNC use on the general wards.
Comparing the 2 groups, the median LOS was significantly reduced (4 days vs 3 days; P , .001), as
was the median total hospital charges ($12 257 vs $9337; P , .001). After starting HFNC use on the
wards, 30% of patients initially admitted to the PICU were ultimately transferred to the wards while
still on HFNC. There was no difference in intubation rate or 30-day readmission between the
2 groups.

CONCLUSIONS: For bronchiolitis patients initially admitted to the PICU, initiating a guideline
for HFNC use on the general pediatric wards is associated with reduced total hospital LOS and total
hospital charges, with no difference in intubation rates or 30-day readmission.
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Modalities and Complications Associated With the Use of High-Flow
Nasal Cannula: Experience in a Pediatric ICU

Florent Baudin MD MSc, Sebastien Gagnon, Benjamin Crulli MD, François Proulx MD,
Philippe Jouvet MD PhD, and Guillaume Emeriaud MD PhD

BACKGROUND: High-flow nasal cannula (HFNC) therapy is increasingly used in pediatric ICUs
as an intermediate level of support between conventional oxygen delivery and noninvasive venti-
lation (NIV). The safety of HFNC has seldom been studied, and some cases of barotrauma have been
reported. This retrospective study aims to describe HFNC use in a tertiary care pediatric ICU, with
a focus on the complications associated with this therapy. METHODS: Between January 2013 and
January 2014, all children <18 y old treated with HFNC in the pediatric ICU were included.
Demographic data, HFNC settings, chest radiograph reports, and blood gas values were gathered
from the electronic medical records. Episodes of pneumothorax, pneumomediastinum, and signif-
icant epistaxis were noted. Pneumothorax was distinguished from chest tube-related air leak (fre-
quent after cardiac surgery), which was defined as a small pneumothorax with no clinical impact
that resolved spontaneously after chest tube removal. RESULTS: During the 1-y study period, there
were 177 HFNC episodes, involving 145 subjects with a median (interquartile range) age of 8 (2–28)
months. HFNC was used as primary support in 31% of episodes, after extubation in 36% and after
NIV in 18%. HFNC was administered exclusively for nitric oxide delivery in 16% of episodes. Two
children (1%) developed new pneumothoraces that required chest tube insertion, whereas 5 (3%)
chest tube-related air leaks were noted. One (0.6%) episode of significant epistaxis was noted.
Among 6 preexisting pneumothoraces, none worsened under HFNC. Failure of HFNC occurred in
32 episodes, requiring transition to NIV in 28 cases and endotracheal intubation in 5 cases.
CONCLUSIONS: Support with HFNC following a clinical protocol in pediatric ICUs was associ-
ated with a relatively low rate of complications. Since HFNC use is increasing, further evidence is
needed to confirm its efficacy and safety. Key words: high-flow nasal cannula; children; barotrauma;
pediatric ICU; pneumothorax; noninvasive ventilation; complications. [Respir Care 0;0(0):1–•. © 0 Daeda-
lus Enterprises]

Introduction

The high-flow nasal cannula (HFNC) is a recent device
used in ICUs that can provide an intermediate level of

support between conventional low-flow oxygen delivery
and noninvasive ventilation (NIV). HFNC delivers humid-
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Que evidência? Estudos de coorte

¨ Estudo observacional, 
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¤ Pneumotórax de novo n=2 (1 
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after including the two subjects per group requiring PICU
admission (p value for interaction terms 0.048).

The results of respiratory effort, ability to feed, duration
of oxygen supplementation and length of hospital stay are

summarised in Table 2. After the admission, a significant
higher percentage of subjects in HFNC group presented a
normalised respiratory effort at all time points compared to
the low-flow oxygen delivery group (Table 2).

During the first 24 hours after admission, infants in the
HFNC and standard low-flow oxygen delivery treatment
group had a similar ability to feed. At 72 hours, all infants in
the HFNC group reached a normal ability to feed, com-
pared to only 13 in the standard low-flow oxygen delivery
treatment group (p = 0.045). Time to get normal oxygen
saturation in ambient air was significantly lower (p = 0.006)
in infants receiving treatment with HFNC compared with
infants receiving treatment with standard low-flow oxygen
delivery (Fig. 2). Similarly, the time to discharge was
significantly shorter (p = 0.002) in the HFNC group than
in the low-flow oxygen delivery group (Fig. 3).

No patient had any treatment-related adverse events, and
all of the infants tolerated the treatments.

DISCUSSION
This study shows managing infants hospitalised for moder-
ate to severe bronchiolitis with HFNC, compared to the
standard low-flow oxygen delivery strategy, appeared more
efficacious for the improvement of respiratory rate, respi-
ratory effort, ability to feed and the duration of oxygen
supplementation, with a reduction in the length of hospi-
talisation.

Others have shown the effectiveness of HFNC treatment
in infants with bronchiolitis hospitalised in a paediatric

Table 1 Demographic, clinical, laboratory and treatment characteristics at
enrolment of 40 subjects who entered the study

Standard low-flow
oxygen delivery
treatment (n = 20)

High-flow nasal
cannula treatment
(n = 20)

Male, n 12 9

Age (months) 3.6 (1.3-5.0)* 3.2 (1.2-5.4)*

RSV-positive, n 16 14

Respiratory rate (breaths/min) 59.2 (7.8) 58.1 (12.4)

SpO2 in ambient air (%) 88 (2) 87 (2)

Heart rate (beats/min) 151 (16) 147 (16)

Gestational age at birth

(weeks)

38.1 (1.4) 37.9 (1.2)

Birth weight (Kg) 3.070 (0.523) 3.045 (0.610)

Breastfeeding (exclusive

or predominant), n

17 16

Bronchiolitis severity score

4–6 (moderate), n 12 11

7–8 (severe), n 8 9

Need for intravenous fluid

replacement, n

4 3

Subjects in treatment with

bronchodilators, n

6 7

Subjects in treatment with

antibiotics, n

4 6

White blood count (G/L) 11930 (3250) 10360 (4780)

Neutrophils (%) 38.5 (15.5) 38.8 (14.8)

C-reactive protein (mg/L) 8.5 (2.9) 9.1 (2.0)

SpO2, peripheral oxygen saturation.

Values are shown as frequency or as mean and standard deviation. No

significant difference was observed at the enrolment between the two groups.

*mean and ranges.

Figure 1 Respiratory rate (breaths/minute) in infants managed with high-flow
nasal cannula or standard low-flow oxygen delivery treatment. Mean respiratory
rate at enrolment, 0.5, 1, 3, 8, 24, 48 and 72 hours in infants treated with high-
flow nasal cannula (dashed line) and with standard low-flow oxygen delivery
(continuous line). Dots indicate the mean values and vertical lines the 95%
confidence intervals. Time values on the horizontal line are expressed as
logarithmic values. *p < 0.05.

Table 2 Clinical outcomes in 36 subjects who completed the study

Standard low-flow
oxygen delivery
treatment (n = 18)

High-flow nasal
cannula treatment
(n = 18)

Age, months 3.9 (1.5–5.0)* 3.5 (1.4–5.5)*
Male, n 10 8

Subjects with abnormal Respiratory effort, n (%)

0.5 hour 18 (100)† 13 (72)

One hour 18 (100)† 13 (72)

24 hours 17 (94)† 9 (50)

72 hours 11 (61)‡ 0 (0)

Subjects with impaired ability to feed, n (%)

24 hours 7 (39) 5 (28)

48 hours 5 (28)† 0 (0)

Duration of oxygen

supplementation, days

6 (5–7)‡ 4 (3–5)

Length of hospital stay, days 9 (8–10)‡ 6 (5–7)

The Table reports the respiratory rate, respiratory effort, ability to feed,

duration of oxygen supplementation and length of hospital stay in the two

groups at different time points of the study. The results are given either as

median and interquartile or as relative frequency (with percentage).

Significance of respiratory effort and ability to feed difference between the

two groups was not modified even including subjects admitted to PICU.

*mean and ranges.
†p < 0.05.
‡p < 0.005.

©2016 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 3
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ward, with regard to reducing the respiratory rate (8,16). In
agreement with these results, we observed a lower respira-
tory rate in the first eight hours, after 72 hours and, overall,
during the whole study period, in infants treated with
HFNC in comparison with those treated with standard low-
flow oxygen delivery. Similarly, subjects treated with HFNC
normalised sooner than those treated with low-flow oxygen
delivery. In a pioneering electrophysiology study, a signif-
icant reduction of diaphragm activity in 14 infants affected
with bronchiolitis was found after the introduction of
HFNC (18). The potential mechanisms include that HFNC
devices deliver higher concentrations of oxygen and pro-
duce positive pressure, reducing the work of respiratory
muscles and respiratory distress (19). The reduction of
diaphragm activity and other respiratory muscles results in

an overall decrease in oxygen consumption (18). Moreover,
warmed and humidified oxygen might also thin secretions
and reduce mucus plugging (19). These factors are likely to
improve respiratory gas exchange and explain the reduced
need for oxygen supplementation in patients managed with
HFNC.

Nutritional state plays a key role in infants with respiratory
infections, influencing metabolism, the immune response
and, consequently, the clinical course (3,17). In addition, it is
well known that respiratory effort tends to reduce the ability
to feed. The interplay between the improvement of respira-
tory outcomes and rapid recovery on the ability to feed can
explain the short length of hospitalisation in infantsmanaged
with HFNC, who were discharged an average of three days
before those treated with standard low-flow oxygen delivery.
However, this finding should be cautiously considered, as the
adequacy of caregivers might have influenced the discharge
decision in some cases.

No difference in PICU admissions was found between the
HFNC and low-flow oxygen delivery groups. The number of
subjects treated with HFNC and requiring PICU admission
was similar to that of a study conducted on 25 infants with
moderate-to-severe bronchiolitis (19). It is possible that a
difference in PICU admissions may be found in a larger
study population. Nevertheless, our experience confirms
that HFNC is usually safe and well tolerated by infants (20).

Contrasting results have been reported regarding the use of
HFNC in infants hospitalised in the PICU for bronchiolitis.
In a retrospective study on 115 infants with bronchiolitis,
HFNC reduced the intubation rate by 68%and the PICU stay
by two days comparedwith other respiratory support options
(21).However, in a retrospective study of 19 infantsmanaged
withnasal continuouspositive airwaypressure and15 infants
managed with HFNC, no difference was found between the
two groups with regard to the respiratory rate or intubation
rate (22). We speculate that the prompt use of HFNC in
infants admitted for moderate to severe bronchiolitis in the
emergency departmentmayhave resulted inmore favourable
outcomes than the use of HFNC in infants with worsening
conditions admitted to PICU.

This study had some limitations. The first is that it was
limited to a single institution with a rather small number of
enrolled infants who did not have underlying disease at risk
for bronchiolitis complications. However, the study sup-
ports conclusions in favour of HFNC as suggested by the
published guidelines on bronchiolitis management (3,4).
Second, the assignment of subjects to either HFNC or low-
flow oxygen delivery treatment was not formally performed.
However, this non optimal randomisation technique
allowed us to generate two homogeneous treatment groups.
Third, monitoring was performed by different physicians or
nurses because of the regular turnover of the staff members.
Finally, preterm infants and subjects with a severe under-
lying disease were excluded. This implies that our results
cannot be generalised to all infants affected by bronchiolitis.
The strength of this study is that we prospectively compared
HFNC and low-flow oxygen delivery treatments in two
different groups of infants in a general paediatric ward.

Figure 2 Duration of oxygen supplementation in infants managed with high-
flow nasal cannula or standard low-flow oxygen delivery treatment. Percentage
of subjects requiring oxygen supplementation in high-flow nasal cannula
(dashed line) and in standard low-flow oxygen delivery (continuous line) group
over the study.

Figure 3 Length of hospital stay in infants managed with high-flow nasal
cannula or standard low-flow oxygen delivery treatment. Percentage of
inpatients in high-flow nasal cannula (dashed line) and in standard low-flow
oxygen delivery (continuous line) group over the study.

4 ©2016 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd
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ABSTRACT
Aim: An observational study was carried out on infants with moderate to severe
bronchiolitis to compare the clinical outcomes following treatment with a high-flow nasal
cannula (HFNC) or standard low-flow oxygen.

Methods: We enrolled subjects below 12 months of age who were affected by their first
bronchiolitis episode. Non-formal randomisation, based on HFNC availability, was used to
assign subjects to either the HFNC or standard oxygen groups. Respiratory rate, respiratory
effort and the ability to feed were compared between the two groups at enrolment and at
regular time points. The oxygen requirements and the length of hospital stay were also
analysed.

Results: Overall, 36 of the 40 enrolled infants completed the study: 18 treated with HFNC
(mean age 3.2 months, range 1.2–5.4 months) and 18 with low-flow oxygen delivery
(mean age 3.6 months, range 1.3–5.0 months). Improvements in the respiratory rate,
respiratory effort and ability to feed were significantly faster in the HFNC group than the
low-flow oxygen group. The HNFC group needed oxygen supplementation for two days
less than the other group and hospital stays were three days shorter.

Conclusion: HFNC provided superior clinical outcomes for infants under 12 months with
moderate-to-severe bronchiolitis compared to low-flow oxygen.

INTRODUCTION
Bronchiolitis is the most common lower respiratory tract
infection during the first year of life and one of the main
reasons for hospitalisation (1,2). To date, there is no specific
treatment for bronchiolitis, and the mainstays of therapy are
maintaining an adequate hydration status and oxygen
supplementation (3–5).

The use of a high-flow nasal cannula (HFNC) is one of the
most recent non-invasive ventilation supportmodalities, and
it has been advocated as a promising approach for bronchi-
olitis management (6–8). HFNC provides humidified and
heated oxygen, flushes the dead space of the nasopharyngeal
cavity, develops a minimal continuous positive airway pres-
sure, reduces inspiratory resistance and improves airways
conductance and pulmonary compliance (6–8). Preliminary
studies have suggested that the use of high-flow heated and
humidified oxygenmay rapidly improve oxygen saturation in

infants suffering from bronchiolitis (8,9). Another advantage
of this respiratory support technique lies in the fact that itmay
beused inbothpaediatricwards andpaediatric intensive care
units (PICU) (10).

Several guidelines on bronchiolitis management have
indicated the need for prospective studies to compare
HFNC and low-flow oxygen delivery strategies (3,4).

The aimof this studywas to compare the clinical outcomes
of infants with their first episode of moderate-to-severe

Abbreviations
HFNC, high-flow nasal cannula; PICU, paediatric intensive care
unit; RSV, respiratory syncytial virus; SpO2, peripheral oxygen
saturation.

Key notes
! We compared the clinical outcomes of 36 infants with

moderate to severe bronchiolitis who received oxygen
treatment with a high-flow nasal cannula (HFNC) or
standard low-flow oxygen.

! Improvements in the respiratory rate, respiratory effort
and ability to feed were significantly faster in the HFNC
group than the low-flow oxygen group.

! The HNFC group needed oxygen supplementation for
two days less than the other group and hospital stay
was three days shorter.
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ABSTRACT
Objective To demonstrate that heated humidified
high-flow nasal cannula (HHHFNC) is superior to inhaled
hypertonic saline solution (HSS) in improving respiratory
distress in moderate bronchiolitis. In addition, it could
improve comfort and reduce length of hospital stay (LOS)
and admission to Paediatric Intensive Care Unit (PICU).
Design Randomised Clinical Trial from 1 October 2010
to 31 December 2012.
Setting Two urban secondary (no PICU available)
paediatric hospitalisation units.
Patients Hospitalised children aged up to 6 months
with moderate acute bronchiolitis (Respiratory Distress
Assessment Instrument, RDAI ≥4).
Intervention Patients were randomised to HHHFNC or
HSS. All of them received epinephrine as bronchodilator.
Main outcomes Primary outcome was difference in
mean Respiratory Assessment Change Score (RACS)
between both groups measured in six previously defined
consecutive moments. Secondary outcomes were
difference in mean comfort scores in this period, LOS
and rate of PICU admission.
Results Seventy-five previously healthy patients were
enrolled. Mean age was 2.4 months (95% CI 2.04 to
2.76). 43 were allocated to HSS group and 32 in
HHHFNC. Data of 1 patient were lost, and 8 changed
group over the study period. Intention-to-treat principle
was applied. There were no significant differences in
mean RACS and mean comfort scores between groups at
the evaluation points. Median LOS or PICU admission
rate were similar in both groups. No adverse events were
observed.
Conclusions HHHFNC was not superior to HSS in
treatment of moderate acute bronchiolitis with respect to
severity and comfort scores, LOS or PICU admission rate.
Clinical Trial Registration ClinicalTrials.gov
Identifier NCT01873144.

INTRODUCTION
Bronchiolitis is the most common lower respiratory
tract infection in infants and represents an important
cause of hospitalisation in this age group. It is esti-
mated that 11–12% of all infants are affected in the
first year of life, with 1–2% requiring hospitalisation.1

Of those admitted, 10% of previously healthy infants
and 36% of those with comorbidities will require
Paediatric Intensive Care Unit (PICU), with 1% of
them dying.2 3 Pathological findings include airway
wall swelling, increased mucus production which
eventually leads to airway obstruction, atelectasis and
impaired gas exchange.4 5 Standard treatment remains
supportive and includes ensuring adequate oxygen

exchange, fluid intake and feeding. Only in moderate
severe bronchiolitis, trial with inhaled epinephrine is
accepted.6 7

Considering the pathological events, any thera-
peutic modality, like hypertonic saline solution
(HSS), which improves the clearance of airway
secretions may be beneficial.8 In a recent metanaly-
sis,9 it was concluded that HSS should be consid-
ered an effective and safe treatment in
mild-to-moderate acute viral bronchiolitis.
There is another promising therapeutic option,

heated humidified high-flow nasal cannula
(HHHFNC) oxygen therapy. It provides warmed and
humidified gas with high flow, in theory improving
work of breathing and comfort status.10–14 Research
in HHHFNC has focused on preventing use of non-
invasive and invasive ventilation in patients with
acute bronchiolitis.11 15–17 Though it has recently
been gaining widespread popularity outside the
PICU,18 19 there are no prospective, randomised
trials which have demonstrated its utility in
bronchiolitis.
We designed a clinical trial to demonstrate

HHHFNC superiority versus HSS in improving
respiratory distress in infants aged less or equal to
6 months hospitalised with moderate bronchiolitis.
We also hypothesised that HHHFNC could
improve comfort, shorten length of hospital stay
(LOS) and reduce admission to PICU.

What is already known on this topic

▸ In bronchiolitis no therapy has conclusively
shown to alter the course of the disease or its
major outcomes.

▸ Standard treatment remains supportive.
▸ Considering pathological findings, any

therapeutic modality which improves the
clearance of airway secretions may be
beneficial.

What this study adds

Heated humidified high-flow nasal cannula oxygen
therapy is not superior to inhaled hypertonic saline
solution in the treatment of infants diagnosed of
moderate bronchiolitis.

Bueno Campaña M, et al. Arch Dis Child 2014;0:1–5. doi:10.1136/archdischild-2013-305443 1
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Early high flow nasal cannula therapy in
bronchiolitis, a prospective randomised
control trial (protocol): A Paediatric Acute
Respiratory Intervention Study (PARIS)
Donna Franklin1,2,3,21*, Stuart Dalziel4,5,14, Luregn J. Schlapbach1,2,3,6, Franz E. Babl7,8,9,18, Ed Oakley7,8,9,18,
Simon S. Craig8,10,11,18, Jeremy S. Furyk12,13,18, Jocelyn Neutze14,15,18, Kam Sinn16,17,18, Jennifer A. Whitty19,
Kristen Gibbons1,3, John Fraser2,20, Andreas Schibler1,2,3 and on behalf of PARIS and PREDICT

Abstract

Background: Bronchiolitis imposes the largest health care burden on non-elective paediatric hospital admissions
worldwide, with up to 15 % of cases requiring admission to intensive care. A number of previous studies have
failed to show benefit of pharmaceutical treatment in respect to length of stay, reduction in PICU admission rates
or intubation frequency. The early use of non-invasive respiratory support devices in less intensive scenarios to
facilitate earlier respiratory support may have an impact on outcome by avoiding progression of the disease
process. High Flow Nasal Cannula (HFNC) therapy has emerged as a new method to provide humidified air
flow to deliver a non-invasive form of positive pressure support with titratable oxygen fraction. There is a lack
of high-grade evidence on use of HFNC therapy in bronchiolitis.

Methods/Design: Prospective multi-centre randomised trial comparing standard treatment (standard subnasal
oxygen) and High Flow Nasal Cannula therapy in infants with bronchiolitis admitted to 17 hospitals emergency
departments and wards in Australia and New Zealand, including 12 non-tertiary regional/metropolitan and 5 tertiary
centres. The primary outcome is treatment failure; defined as meeting three out of four pre-specified failure criteria
requiring escalation of treatment or higher level of care; i) heart rate remains unchanged or increased compared to
admission/enrolment observations, ii) respiratory rate remains unchanged or increased compared to admission/
enrolment observations, iii) oxygen requirement in HFNC therapy arm exceeds FiO2 ≥ 40 % to maintain SpO2 ≥
92 % (or ≥94 %) or oxygen requirement in standard subnasal oxygen therapy arm exceeds >2L/min to maintain
SpO2 ≥ 92 % (or ≥94 %), and iv) hospital internal Early Warning Tool calls for medical review and escalation of
care. Secondary outcomes include transfer to tertiary institution, admission to intensive care, length of stay,
length of oxygen treatment, need for non-invasive/invasive ventilation, intubation, adverse events, and cost.

Discussion: This large multicenter randomised trial will allow the definitive assessment of the efficacy of HFNC
therapy as compared to standard subnasal oxygen in the treatment of bronchiolitis.

Trial registration: The trial is registered with the Australian and New Zealand Clinical Trials Registry
ACTRN12613000388718 (registered on 10 April 2013).
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n Avaliar de  forma exploratória a eficácia e segurança do OAF 

parâmetros clínicos/fisiológicos, e por avaliações globais
reportadas por profissionais de saúde e pais/cuidadores

n Avaliar as propriedades de medição das escalas Preschool 
Respiratory Assessment Measure – PRAM, e Pediatric Asthma 
Severity Scale – PASS



Centros e equipa
¨ Dezembro 2015-previsto até fim de época 2016/7

¨ Multicêntrico
¤ HSM (SO,UPP), HBA (UCINT), HFF (UCI); início 2016: HGO (SU), CUF

¨ Equipa clínica
¤ Hospital Santa Maria: Rodrigo Sousa, Patrícia Pinto, Ana Sequeira, Priscila Carreira, Elsa 

Santos, Cristina Camilo, Gabriela Sá, Teresa Bandeira
¤ Hospital Beatriz Ângelo: João Crispim, Sofia Lima
¤ Hospital Fernando Fonseca: Clara Abadesso
¤ Hospital Garcia de Orta: Manuela Braga, Deolinda Matos

¨ Coordenação e estatística
¤ Unidade de Farmacologia Clínica e Terapêutica: Ana Teresa Santos, Nilza Karina, estagiários

para apoio

¨ Bolsa de Investigação e Prática Clínica Pfizer Vacinas/SPP 2015



OXIGENOTERAPIA DE ALTO FLUXO (OAF) NA BRONQUIOLITE AGUDA 
E ESTUDO PROGNÓSTICO ALFABETO

Critérios de elegibilidade

As crianças que satisfaçam TODOS os seguintes critérios SÃO elegíveis para iniciar OAF:

1. Idade compreendida entre 30 dias, e 23 meses e 364 dias, inclusive. 
2. Diagnóstico de bronquiolite aguda, definida como primeiro, segundo ou terceiro episódio com 

quadro de coriza seguido de tosse, sinais de dificuldade respiratória, e sibilos e/ou fervores 
não-localizados na auscultação pulmonar (diagnóstico definido pelo médico assistente)

3. Gravidade de doença definida como presença de dois ou três dos seguintes critérios, após 1 a 
2 horas de oxigenoterapia convencional com pelo menos 1-1.5 litros/minuto:

•  Frequência respiratória (FR) >50 cpm (0-6M) >40 cpm (6-2A) 
• Tiragem intercostal ou infracostal moderada ou grave
• SpO2 <94%

As crianças que satisfaçam TODOS os critérios de inclusão para iniciar OAF
E haja consentimento do pai/tutor legal para participar no estudo,

são elegíveis para participar no estudo ALFABETO

As crianças que satisfaçam QUALQUER dos seguintes critérios NÃO são elegíveis para iniciar OAF:

1. Gravidade de doença que leve a ponderação de início de ventilação invasiva ou não-invasiva, 
por critérios clínicos e/ou gasimétricos orientadores, nomeadamente:

• sinais de dificuldade respiratória grave
• apneias frequentes
• prostração/apatia
• acidose respiratória compensada com pCO2≥ 60 mmHg ou acidose respiratória descompensada 
• sinais de falência circulatória/sépsis
(estes são critérios orientadores; a decisão clínica sobrepõe-se a critérios individuais)

2. Quadro clinico-radiológico sugestivo de pneumonia
3. Sintomas ou sinais sugestivos de obstrução das vias aéreas superiores aguda (e.g. 

laringotraqueite/croup) ou crónica (e.g. estridor de base)
4. Antecedentes pessoais de prematuridade ≤33 semanas e 6 dias. 
5. Cardiopatia com repercussão hemodinâmica, i.e., quadro clínico de insuficiência cardíaca, má 

progressão ponderal, hipoxemia e/ou necessidade de tratamento farmacológico
6. Doença neuromuscular ou neurometabólica
7. Doença pulmonar crónica e/ou necessidade de oxigenoterapia de longa duração.
8. Antecedentes de fuga aérea primária ou secundária, incluindo pneumotórax / 

pneumomediastino. 
9. Trauma, cirurgia recente ou outra alteração anatómica que modifique o fluxo de ar no nariz e na 

faringe.

As crianças que satisfaçam QUALQUER dos critérios de exclusão para iniciar OAF
OU tenha havido recusa consentimento do pai/tutor legal para participar no estudo,

NÃO são elegíveis para participar no estudo ALFABETO

OAF e Projecto ALFABETO. revisto Dezembro 2014

CRITÉRIOS INCLUSÃO/EXCLUSÃO PARA INICIAR OAF

CRITÉRIOS INCLUSÃO/EXCLUSÃO PARA PARTICIPAR NO 
ESTUDO ALFABETO

INÍCIO&
Cânulas&nasais&

!  Recomendações&do&fabricante:&

!  Cânula'adaptada'ao'tamanho'da'criança,'ocupando'cerca'de'50%&da&área&de&cada&narina,&com&“folga”&entre&cânula&e&narina,'para'prevenir'
barotrauma'

!  A'tubagem'deve'ser'man9da'livre'e'em'declive'(devido'a'possível'condensação)'
!  Deve'vigiar?se' regularmente'a'adaptação'do' interface'nasal'e'o'conforto'da'criança,' se'as'cânulas'estão' livres'e'se'existe'condensação'no'

circuito'''

PROJETO ALFABETO: ALto Fluxo – Antever na Bronquiolite a Eficácia Terapêutica e Outcomes 

PROTOCOLO&DE&OXIGENOTERAPIA&DE&ALTO&FLUXO&(OAF)&
GUIA&PRÁTICO&

1

!  Água' des9lada' no' c i rcu i to ,' com'
temperatura?alvo' próximo' do' doente' de'
37ºC& (segundo' instruções' específicas' do'
equipamento)&

!  Vigiar' regularmente' o' nível' de' água' no'
humidificador'e'a'temperatura'do'sistema'

Água&e&Temperatura&
!  Começar'com'1&l/kg/min&
!  Aumentar'ao'longo'de'5?10'minutos'até'a9ngir'

2l/Kg/min&
!  Limite&máximo:&10&l/min&<12&meses&e&15l/min&

12424& meses,& ou& até& ao& fluxo& máximo&
permi=do&pela&cânula&u=lizada&(ver&tabela)&

Fluxo&
!  Começar' preferencialmente' com'

FiO2'entre&30%&e&40%&(consoante'
grau' de' hipoxémia' e' valor' de'
baixo'fluxo'prévio)'

!  Manter'este'FiO2'até'ter'a9ngido'
o'fluxo'de'OAF'sugerido'

FiO2&

AVALIAÇÃO&DE&RESPOSTA&
OBJETIVOaALVO:'
!  Primariamente:'manter'SpO2&≥95%&
!  Secundariamente:'melhorar'outros'parâmetros'de'dificuldade'respiratória'
'
Deve'ajustarase&o&FiO2,&mantendo&o&fluxo&da&OAF,'para'a9ngir'o'obje9vo?alvo.'
Durante'os'primeiros'120'minutos'é'feita'uma'monitorização'de'30/30'minutos'
do'estado'clínico;'se'aos'120'minutos:'
!  Objefvoaalvo&conseguido:&manutenção'da'terapêu9ca'
!  SpO2&entre&92%&e&95%:&reavaliação'aos'240'minutos'e'periodicamente'a'

par9r'deste'período'
!  Objefvoaalvo&falhado&OU&se'no'seguimento'for'necessário&FiO2&

persistentemente&elevado&(≥50%)&para&manter&SpO2≥92%:&ponderar&UCI&

2

MANUTENÇÃO&
!  Deve'manter?se'a'OAF,'ajustando'FiO2'e'mantendo'o'fluxo'de'forma'a'afngir&o&objefvoaalvo.'
!  Após'os'primeiros'120/240'minutos,'a'monitorização'é'feita'com'regularidade'aproximada'de'2/2h'durante'as'primeiras'6'horas.''
!  A'par9r'das'6'horas'de' tratamento,'deve' fazer?se'um' registo'preferencialmente'de'6/6h,'ou'quando'houver' intercorrências,' desmame'ou'

suspensão'de'OAF.'

3

DESMAME&E&SUSPENSÃO&
O'desmame'da'OAFCN'deve'ser'considerado'em'crianças'clinicamente'estáveis'a&parfr&das&12h'do'início'da'terapêu9ca.'É'importante'assegurar'
que'a'evolução'clínica'é'avaliada'tanto'em'criança'alerta/acordada'como'durante'um'período'de'sono.''
'

É'feito'em'dois'passos'sequenciais:'
1.   FiO2:&Reduzir'a'FiO2'gradualmente,'em'degraus'de'5?10%/hora,'até'obter'FiO2≤25?30%'com'SpO2≥95%.'
2.   Fluxo:&Com'FiO2≤25?30%'man9do,'reduzir'o'fluxo'gradualmente,'50%'fluxo/1?2'horas,'até'1'l/kg/min.'Após'a9ngir'FiO2≤25?30%'e'fluxo'de'1l/

min/Kg'com'estabilidade'clínica,'pode'suspender?se'a'OAFCN'e'passar'a'administração'de'O2'a'baixo'fluxo'a'1?2l/min.'

Caso'tenha'havido'melhoria'clínica'e'estabilidade'sob'OAFCN,'mas'no'desmame'haja'reagravamento,'devem'repor?se'os'parâmetros'prévios'ao'
agravamento' e' voltar' a' tentar' desmame'posteriormente' (>3?6hrs' depois).' Se' não' for' possível' iniciar' desmame'após' 48h'de'OAFCN,' deve' ser'
ponderada'inves9gação'adicional'e/ou'modificação'da'terapêu9ca.'

5

VNI/VI&e/ou&TRANSFERÊNCIA&PARA&UCI&

Deve'ponderar?se'transferência'para'Unidade'de'Cuidados'
Intensivos'e'VNI/VI'se'houver'em&qualquer&altura:&
!  Critérios'clínicos'e/ou'gasimétricos'suges9vos'de'

agravamento&respiratório&manfdo'e/ou'cansaço,'
mesmo'com'valores'adequados'de'SpO2,'
nomeadamente:'sinais&de&dificuldade&respiratória&
grave,&apneias&frequentes,&prostração/apafa,&acidose&
respiratória&compensada&com&pCO2≥&60&mmHg&ou&
acidose&respiratória&descompensada&ou&sinais&de&
falência&circulatória/sépsis&

!  Evidência'de'efeitos'adversos'significa9vos'atribuíveis'
à'OAF.'

!

!  Restante&terapêufca:&De'acordo'com'os'protocolos'dos'centros'e'unidades,'seguindo'os'princípios'de'manipulação'mínima.''
!  Lavagem&nasal&e/ou&aspiração&de&secreções:'Conforme'necessidade'clínica,'com'o'obje9vo'de'manter'as'narinas'desobstruídas.''
!  Hidratação&e/ou&alimentação:'Podem'ser'asseguradas'pelas'formas'habituais.'Deve'ser'fortemente'considerada'a'colocação'de'SNG'(suporte'

alimentar'e'drenagem'de'ar).'Deve'ter?se'atenção'para'evitar'conflitos'de'espaço'com'as'cânulas'nasais.'

Outros&cuidados&

TRANSFERÊNCIA&PARA&OUTRAS&UNIDADES&
!  Para' ambos' os' centros,' caso' o' doente' esteja' estabilizado' sob' OAF,' deve'manter' a' intervenção' com' o'mesmo' equipamento' aquando' da'

transferência.'À'entrada'numa'nova'unidade,'deve'fazer?se'sempre'que'possível'avaliação'dos'parâmetros.'
!  No'centro'HSM'deve'transferir?se'preferencialmente'para'a'Unidade'de'Pneumologia'Pediátrica.''

4

! Optiflow)Junior) WILAmed)
Cânulas) Peso) Fluxo)máx.) Código) Fluxo)máx.) Código)
Neonatal! 2*8kg! 8l/min! OPT314! 8l/min! REF!270.431!
Infantil! 3*15kg! 20l/min! OPT316! 8l/min! REF!270.434!
Pediátrico! 12*22kg! 25l/min! OPT318! 20l/min! REF!270.429!
!

Fluxograma actuação Protocolo/guia
prático de OAF
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Departamento*de*Pediatria,*Hospital*de*Santa*Maria,*Centro*Hospitalar*Lisboa*Norte*EPE,*
Centro*Académico*de*Medicina*de*Lisboa*(Directora:*Prof.*Doutora*Maria*do*Céu*Machado)*

*
Departamento*de*Pediatria,*Hospital*Beatriz*Ângelo*(Director:*Prof.*Doutor*Paulo*Oom)*

(em$parceria$com$Unidade$de$Farmacologia$Clínica,$Instituto$de$Medicina$Molecular,$Faculdade$
de$Medicina$de$Lisboa)$*

*
*

CONSENTIMENTO*INFORMADO*PARA*PARTICIPAR*NUM*ESTUDO*CLINICO**
“ESTUDO*ALFABETO*

ALto Fluxo – Antever na Bronquiolite a Eficácia Terapêutica e Outcomes”*
*

Investigador$Principal:$Ricardo$Fernandes$(HSM)$
CoBInvestigadores:$Rodrigo$Sousa$(HSM),$Edgar$Moreira$(HSM),$João$Crispim$(HBA),$Sofia$Lima$
(HBA),$Cristina$Camilo$(HSM),$Gabriela$Sá$(HSM),$Elsa$Santos$(HSM),$Teresa$Bandeira$(HSM)$
$
Contacto$telefónico$da$Equipa$de$Investigação:$21$780$21$20$(Departamento$de$Pediatria)$
$
INTRODUÇÃO*

$

A$bronquiolite$aguda$(BA)$é$uma$infeção$respiratória$aguda$viral$que$ocorre$nos$dois$primeiros$
anos$de$vida.$Atinge$as$vias$ respiratórias$mais$ finas$que$podem$ficar$obstruídas$e$dificultar$a$
respiração$do$bebé.$$
Uma$das$bases$do$tratamento$da$BA$é$a$administração$de$oxigénio,$que$na$maioria$dos$casos$é$
realizada$de$forma$nãoBinvasiva$(sem$intubação).$Esta$pode$ser$realizada$através$de$dispositivos$
de$ oxigenoterapia$ a$ baixoBfluxo,$ a$ altoBfluxo$ ou,$ nos$ casos$ mais$ graves,$ de$ ventilação$ por$
pressão$positiva$contínua$(CPAP).$
Estamos$a$realizar$um$estudo$sobre$oxigenoterapia$de$alto$fluxo$(OAF)$em$crianças$até$aos$24$
meses$ de$ idade.$ Este$ estudo$ insereBse$ no$ âmbito$ de$ um$ projeto$ multicêntrico$ do$ qual$ são$
parceiros$os$Departamentos$de$Pediatria$do$Hospital$de$Santa$Maria$(Centro$Hospitalar$Lisboa$
Norte,$CHLN)$e$do$Hospital$Beatriz$Ângelo.$$
$
Este$documento$descreve$o$estudo.$Por$ favor$ leiaBo$atentamente.$No$ final,$o$ investigador$ irá$
perguntarBlhe$ se$ aceita$ que$ o(a)$ seu(sua)$ o(a)$ seu(sua)$ filho(a)$ participe.$ Se$ não$ se$ sentir$
totalmente$esclarecido(a),$sintaBse$à$vontade$para$colocar$questões$ao$ investigador$presente.$
Não$fique$com$dúvidas.$E$se$lhe$surgirem$novas$questões$após$ter$aceite,$poderá$esclarecêBlas$
contactando$o$investigador$através$dos$contactos$disponibilizados$no$final$deste$documento.$
$
Qual*é*o*objetivo*do*estudo?*
O$objetivo$primário$do$estudo$é$identificar$fatores$de$prognóstico$de$sucesso/insucesso$da$OAF$
em$ doentes$ com$ BA,$ ou$ seja,$ conseguir$ identificar$ as$ crianças$ que$ vão$ beneficiar$ deste$
tratamento$em$oposição$às$que$necessitarão$de$tratamento$mais$intensivo.$

Consentimento
informado
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Estudo'Observacional'Prognóstico!

ALFABETO!
(Alto!Fluxo!–!Antevendo!na!Bronquiolite!a!Eficácia!e!os!

Outcomes)!

Case Report Form!

Centro que iniciou protocolo: 

  Hospital Santa Maria    (   SO Ped      UPP) 

  Hospital Beatriz Ângelo    

  Hospital Fernando da Fonseca 

ID Estudo 
!!!!!!!!!
!

Caderno de colheita
de dados (CRF)



Crianças iniciaram OAF e 
abordadas para projecto

ALFABETO (Dez 15-Out 16)
(n=21):

- HSM SO Ped (n=4)
- HSM UPP (n=7)
- HGO (n=3)
- CUF (n=7)

Exclusão 
ALFABETO (n=7)

Concluiu o período de 
seguimento (n=13)

Resultados preliminares
¨ Perfil participantes

¤ Idade
n Média 2.5 DP 1.8 [1-7] meses

¤ Gravidade pré-OAF
n O2

n SpO2 ≤95%: 4/13, Fluxos
≥2 l/min: 3/13

n Tiragem
n Grave: 5/13

n FR
n ≥60 cpm: 10/13

¨ Outcome primário
¤ Progressão para VNI/VI

n 2/14 (num caso 10 dias após OAF)

Incluidos ALFABETO (n=14)

Análise de factores preditivos e restantes outcomes: 
fim época 2016/7



Questões em aberto
¨ Indicações

¤ Perfil de preditores
¤ Timing
¤ Gravidade
¤ Tipo de unidade

¨ Evidência
¤ Eficácia
¤ Segurança

n Casos reportados de complicações

¤ Avaliações ecónomicas
¤ Impacto do tipo de dispositivo e 

cânula
¨ Protocolos de actuação

¤ Estratégias de desmame
¤ Co-intervenções

¨ Implementação
¤ Montagem
¤ Treino

HFNC

Urgência Internamento UCI

Baixo
fluxo

CPAP

Que preditores? Que comparadores? Que outcomes?

HFNC



Outras possíveis indicações

¨ Prematuridade
¤ Pós-VI
¤ Pré-VI?

¨ Pós-operatório
¤ Pós-VI?

¨ Asma?
¨ Outras causas de 

insuficiência
respiratória
¤ Pré/pós-VI?
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High-Flow Nasal Cannulae in Very Preterm 
Infants after Extubation
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A bs tr ac t

Background
The use of high-flow nasal cannulae is an increasingly popular alternative to nasal 
continuous positive airway pressure (CPAP) for noninvasive respiratory support of 
very preterm infants (gestational age, <32 weeks) after extubation. However, data 
on the efficacy or safety of such cannulae in this population are lacking.

Methods
In this multicenter, randomized, noninferiority trial, we assigned 303 very preterm 
infants to receive treatment with either high-flow nasal cannulae (5 to 6 liters per 
minute) or nasal CPAP (7 cm of water) after extubation. The primary outcome was 
treatment failure within 7 days. Noninferiority was determined by calculating the 
absolute difference in the risk of the primary outcome; the margin of noninferiority 
was 20 percentage points. Infants in whom treatment with high-flow nasal can-
nulae failed could be treated with nasal CPAP; infants in whom nasal CPAP failed 
were reintubated.

Results
The use of high-flow nasal cannulae was noninferior to the use of nasal CPAP, with 
treatment failure occurring in 52 of 152 infants (34.2%) in the nasal-cannulae 
group and in 39 of 151 infants (25.8%) in the CPAP group (risk difference, 8.4 per-
centage points; 95% confidence interval, −1.9 to 18.7). Almost half the infants in 
whom treatment with high-flow nasal cannulae failed were successfully treated 
with CPAP without reintubation. The incidence of nasal trauma was significantly 
lower in the nasal-cannulae group than in the CPAP group (P = 0.01), but there were 
no significant differences in rates of serious adverse events or other complications.

Conclusions
Although the result for the primary outcome was close to the margin of noninferi-
ority, the efficacy of high-flow nasal cannulae was similar to that of CPAP as respi-
ratory support for very preterm infants after extubation. (Funded by the National 
Health and Medical Research Council; Australian New Zealand Clinical Trials Net-
work number, ACTRN12610000166077.)
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BACKGROUND
Treatment with nasal high-flow therapy has efficacy similar to that of nasal con-
tinuous positive airway pressure (CPAP) when used as postextubation support in 
neonates. The efficacy of high-flow therapy as the primary means of respiratory 
support for preterm infants with respiratory distress has not been proved.

METHODS
In this international, multicenter, randomized, noninferiority trial, we assigned 
564 preterm infants (gestational age, ≥28 weeks 0 days) with early respiratory 
distress who had not received surfactant replacement to treatment with either 
nasal high-flow therapy or nasal CPAP. The primary outcome was treatment failure 
within 72 hours after randomization. Noninferiority was determined by calculat-
ing the absolute difference in the risk of the primary outcome; the chosen margin 
of noninferiority was 10 percentage points. Infants in whom high-flow therapy 
failed could receive rescue CPAP; infants in whom CPAP failed were intubated and 
mechanically ventilated.

RESULTS
Trial recruitment stopped early at the recommendation of the independent data 
and safety monitoring committee because of a significant difference in the pri-
mary outcome between treatment groups. Treatment failure occurred in 71 of 278 
infants (25.5%) in the high-flow group and in 38 of 286 infants (13.3%) in the 
CPAP group (risk difference, 12.3 percentage points; 95% confidence interval [CI], 
5.8 to 18.7; P<0.001). The rate of intubation within 72 hours did not differ sig-
nificantly between the high-flow and CPAP groups (15.5% and 11.5%, respec-
tively; risk difference, 3.9 percentage points; 95% CI, −1.7 to 9.6; P = 0.17), nor did 
the rate of adverse events.

CONCLUSIONS
When used as primary support for preterm infants with respiratory distress, high-
flow therapy resulted in a significantly higher rate of treatment failure than did 
CPAP. (Funded by the National Health and Medical Research Council and others; 
Australian New Zealand Clinical Trials Registry number, ACTRN12613000303741.)
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BACKGROUND
Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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Mensagens-chave

¨ Oxigenioterapia alto fluxo, aquecido e 
humidificado
¤ Porquê?

n Vantagens fisiológicas potenciais face a 
baixo fluxo

¤ Quando?
n Bronquiolite, gravidade moderada
n Outras indicações?

¤ Como?
n Dispositivos e cânulas validadas, treino
n Protocolo estabelecido, monitorização




