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Acute viral bronchiolitis is one of the most common medical emergency situations in infancy, and physicians caring
for acutely ill children will regularly be faced with this condition. In this article we present a summary of the
epidemiology, pathophysiology and diagnosis, and focus on guidelines for the treatment of bronchiolitis in infants.
The cornerstones of the management of viral bronchiolitis are the administration of oxygen and appropriate fluid
therapy, and overall a “minimal handling approach” is recommended. Inhaled adrenaline is commonly used in
some countries, but the evidences are sparse. Recently, inhalation with hypertonic saline has been suggested as an
optional treatment. When medical treatment fails to stabilize the infants, non-invasive and invasive ventilation may
be necessary to prevent and support respiratory failure. It is important that relevant treatment algorithms exist,
applicable to all levels of the treatment chain and reflecting local considerations and circumstances.

Introduction

Bronchiolitis is an acute lower respiratory tract infection
in early childhood caused by different viruses, with cough-
ing, wheeze and poor nutrition as the major symptoms
[1-3]. A substantial proportion of children will experience
at least one episode with bronchiolitis, and as much as 2-
3% of all children will be hospitalized with bronchiolitis
during their first year of life [1-4]. Bronchiolitis is the most
common reason for hospitalization of children in many
countries, challenging both economy, area and staffing in
paediatric departments. Respiratory syncytial virus (RSV)
is the most common virus causing bronchiolitis, occurring
in epidemics during winter months [1,2].

Some infants, particularly those with risk factors, will
have a severe course of bronchiolitis. Bronchiolitis is the
most common medical reason for admission of children
to intensive care units (ICU), providing challenges re-
garding ventilation, fluid balance and general support
[5]. This may be a particular challenge for ICUs without
a specialised paediatric section.

The aim of this article is to review current knowledge
of severe bronchiolitis in infancy, with emphasis on the
management.
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Methods

We performed a non-systematic search in PubMed up to
January 2014, with the following words in different combi-
nations; bronchiolitis, infants, children, severe, epidemi-
ology, pathophysiology, guidelines, treatment, management,
oxygen, hypertonic, saline, adrenaline, steroids, fluid, nutri-
tion, continuous positive airway pressure (CPAP), bi-level
positive airway pressure (BiPAP), high flow nasal cannulae
and ventilation. Included studies and papers were not
systematically evaluated regarding design and quality. How-
ever, we have emphasised recent guidelines, Cochrane re-
views and other expert reviews.

Clinical definition

There is no uniform definition of bronchiolitis, and no
definite age limitation. In 2006, a subcommittee of the
American Academy of Pediatrics (AAP) together with the
European Respiratory Society (ERS) underlined that bron-
chiolitis is a clinical diagnosis, recognized as “a constella-
tion of clinical symptoms and signs including a viral upper
respiratory prodrome followed by increased respiratory ef-
fort and wheezing in children less than 2 years of age” [3].
In Europe, wheezing is regarded as a less important
finding [2,6,7]. During recent years, several studies from
Europe and the USA have included children only up to
12 months of age [2,8,9]. Children hospitalized for wheez-
ing between 12 and 24 months of age may have a higher
risk for having asthma, and with different pathophysiology
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and prognosis [1,2,6,10,11]. In this manuscript we will
mainly focus on data from studies in infants with bron-
chiolitis younger than 12 months of age.

Epidemiology

Approximately 20% of children develop bronchiolitis
during their first year of life, and studies from the USA
have found increasing rates of bronchiolitis (188/1000
infants in 1996/97 to 265/1000 in 2002/03) in this age
group [6,12]. In a Norwegian study, the mean annual
hospitalization incidence for RSV bronchiolitis was 21.7
per 1000 for children below 12 months [13], and in a
large study from England the admission rate for all in-
fants with bronchiolitis below 12 months of age was 24.2
per 1000 [14].

Bronchiolitis is generally seasonal, appearing most fre-
quently in epidemics during the winter months [15]. For
RSV, the same seasonal pattern is observed throughout
the world, with most cases occurring from October until
May on the northern hemisphere [15,16]. Adults with
chronic obstructive lung disease and other immunocom-
promised patients may have RSV infection throughout
the year and represent a reservoir of the virus [17,18].

Bronchiolitis is a disease with high morbidity, but low
mortality. Death from respiratory failure in bronchiolitis
is rare and range for RSV bronchiolitis from 2.9 (UK) to
5.3 (USA) deaths per 100 000 children below 12 months
[19,20]. Differences may be caused by diagnostic proce-
dures as well by socioeconomic conditions. A study from
the UK underlines that the mortality rate for bronchio-
litis in children below 12 months is low and falling, from
21.5 to 1.8 per 100 000 children (age 1 to 12 months)
from 1979 to 2000, reflecting improvements in paediat-
ric intensive care [21].

Pathophysiology

RSV is the most common virus involved in children with
bronchiolitis. In most studies it accounts for 60—80% of
the bronchiolitis cases in children below 12 months of
age [1,11,22-24]. In children below 12 months of age,
Rhinovirus (RV) is the second most common virus (14—
30%), thereafter human bocavirus (14—15%), human
metapneumovirus (3-12%), entero-, adeno-, corona and
influenza viruses (1-8%). Dual infections are reported in
20-30% of children, but does not seem to be associated
with increased severity [6,11,22,25].

The infection starts in the upper respiratory tract,
spreading to the lower airways within few days. The in-
flammation in the bronchioles is characterized by a peri-
bronchial infiltration of white blood cell types, mostly
mononuclear cells, and oedema of the submucosa and
adventitia [2,6]. Damage may occur by a direct viral in-
jury to the respiratory airway epithelium, or indirectly by
activating immune responses [6].
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Oedema, mucus secretion, and damage of airway epithe-
lium with necrosis may cause partial or total airflow ob-
struction, distal air trapping, atelectasis and a ventilation
perfusion mismatch leading to hypoxemia and increased
work of breathing [1,2]. Smooth-muscle constriction
seems to play a minor role in the pathologic process of
bronchiolitis [2].

Clinical characteristics

Bronchiolitis often starts with rhinorrhoea and fever,
thereafter gradually increasing with signs of a lower re-
spiratory tract infection including tachypnoea, wheezing
and cough. Very young children, particularly those with a
history of prematurity, may appear with apnoea as their
major symptom [2,6]. Feeding problems are common.

On clinical examination, the major finding in the youn-
gest children may be fine inspiratory crackles on ausculta-
tion, whereas high-pitched expiratory wheeze may be
prominent in older children [2]. By observation, the in-
fants may have increased respiratory rate, chest move-
ments, prolonged expiration, recessions, use of accessory
muscles, cyanosis and decreased general condition.

No formal scoring system for the severity of bronchio-
litis exists, but a suggestion for the grading into mild,
moderate and severe bronchiolitis based on guidelines
from New Zealand and Scotland is given in Table 1 [7,26].

In a study including children with bronchiolitis from an
out-patient clinic, the resolution of symptoms took more
than 14 days in 40% of the children, and approximately
10% had symptoms after 4 weeks [6]. The median length
of hospitalization in a large study including children below
12 months was only one day (IQR 0-3) [14], and in a Nor-
wegian study the mean length of hospitalization was
80 hours (SD 67) [23].

Risk factors for bronchiolitis are male gender, a history
of prematurity, young age, being born in relation to the
RSV season, pre-existing disease such as bronchopul-
monary dysplasia, underlying chronic lung disease,
neuromuscular disease, congenital heart disease, exposure
to environmental tobacco smoke, high parity, young
maternal age, short duration/no breastfeeding, maternal
asthma and poor socioeconomic factors. However, the
majority of children hospitalized for bronchiolitis have no
underlying condition [6,12,14].The same conditions may
also be risk factors for a more severe course. Recently,
specific gene polymorphisms have been associated with a
risk for more severe bronchiolitis [27].

Assessment

Clinical assessment

The diagnosis of bronchiolitis is made clinically, as de-
scribed [3]. Risk factors for a severe course should be
recognised, including young age which is associated with
increased risk of apnoea, prolonged hospitalization,
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Table 1 Assessment of the severity of bronchiolitis in infants < 12 months*

Mild bronchiolitis

Moderate bronchiolitis Severe bronchiolitis**

Feeding Normal

Respiratory rate < 2 months > 60/min

> 2 months > 50/min

Chest wall recessions Mild
Nasal flare or grunting Absent
Sp02 >92%
General behaviour Normal

Less than usual Not interested

>half the normal < half the normal

>60/min >70/min
Moderate Severe
Absent Present
88-92% <88%
Irritable Lethargic

*Modified from New Zealand guidelines and SIGN guidelines [7,26].
**Not all criteria need to be met to categorize as severe bronchiolitis.

hypoxemia, admission to an ICU and the need of mech-
anical ventilation [2,3].

Pulse oxymetry should be included in the clinical as-
sessment of bronchiolitis when possible, as it can detect
hypoxemia not suspected by the clinical examination
(Table 1) [2,3].

The course of bronchiolitis is variable, and repeated
assessments should be performed, especially in infants
with risk factors.

Laboratory assessment

Except for pulse oxymetry, no routine diagnostic tests
have been shown to have a substantial impact on the
clinical course of bronchiolitis, and recent guidelines
and evidence-based reviews recommend that no diag-
nostic tests are used routinely [2,3,5,6,28]. Implementa-
tion of guidelines for the assessment and treatment of
infants with bronchiolitis has reduced the use of diag-
nostic as well as therapeutic options, with a further re-
duction in costs and length of stay [2,29-33].

The clinical course and management of bronchiolitis
are similar and not influenced by identification of the
viral agent [2,3]. However, identifying a viral etiology is
shown to reduce the use of antibiotics, the number of
investigations and the length of stay [6,30]. Dependent
on the setting, a viral diagnosis may be warranted for
cohorting of patients and may reduce nosocomial infec-
tions, which may have impact on the long-term progno-
sis of the child [3]. However, this has been questioned by
others [34].

Examination by chest X-ray may increase the rate of
antibiotic prescription without improving any outcome,
and may in less than 1% reveal lobar consolidations sug-
gesting the need of antibiotics [5,35]. An X-ray may,
however, be more likely to add positively in children
with high and prolonged fever, oxygen saturation < 90%,
chronic cardiopulmonary disease and in children in need
of admission to an ICU or mechanical ventilation [5,36].

Blood tests are commonly taken in children with bron-
chiolitis, but are not of clinical value in most patients

and not recommended routinely [2,3,37]. Tests to be in-
cluded may be total blood count and C-reactive protein
if a secondary bacterial infection is suspected, and elec-
trolytes in infants with feeding problems and signs of de-
hydration. Blood gases is warranted and useful in infants
with severe respiratory distress and potential respiratory
failure [6].

Management

General management

Management of acute bronchiolitis is generally support-
ive, as no medical treatment has shown to improve im-
portant clinical outcomes, such as length of hospital
stay, use of supportive care or transfer to an intensive
care unit. A conservative, “minimal handling” approach
seems beneficial, especially for the youngest age group
(<3 months) [1,2,23]. A prone position may improve
oxygenation and is suggested for infants if they are care-
fully observed [1,38]. Careful nasal suctioning may be
beneficial in infants with copious secretion [1,39].

Oxygen

Oxygen should be administered in hypoxic infants with
bronchiolitis, and administered via nasal cannulae or a
face mask [1]. However, there is no consensus on what
level of oxygen saturation (SpO,) oxygen support should
be aiming at, and no randomized controlled trials have
compared alternative oxygen supplementation regimes
[1,40]. In the UK, oxygen is commonly given to achieve
a SpO, of 92-95%, while the AAP recommends a limit of
SpO2 of 90% in otherwise healthy children [1-3,7,39].
Observational studies, however, indicate that a goal of
90%, as compared to 94%, has the potential to signifi-
cantly reduce length of hospital stay [41,42], and the
AAP guidelines recommend a reduced level of monitor-
ing as the infants improve [3].

Fluid and nutrition
Maintaining hydration is an important part of the care
of infants with bronchiolitis. The respiratory distress due
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to increased work of breathing may cause inadequate
feeding and eventually lead to poor hydration [1]. Fur-
ther, tachypnoe and fever increases fluid loss, potentially
worsening the dehydration [43,44]. Oral feeding may be
sustained in milder cases, if needed by small volume fre-
quent feed, and breastfeeding should be encouraged.
However, a substantial part of infants hospitalized for
bronchiolitis will be in need of fluid supplementation, ei-
ther as intravenous (IV) fluid or with enteral feeding by
gastric tube (GT) [1,2,44]. Traditionally, IV fluid has
been given in many countries, and is also recommended
in the present AAP guidelines [3]. The advantage of IV
fluids could be a decreased risk of aspiration and no
interference with breathing [45,46], but with the disad-
vantage of possibly creating a catabolic state due to low
calorie intake, and bearing a higher risk of fluid overload
and electrolyte imbalance [43,44,46]. Through GT feed-
ing, infants may achieve a better nutritional status and
nitrogen balance, which may be beneficial for recovery,
and may be a route for giving expressed breast milk
[44,47]. Feeding by GT may be given as boluses, or con-
tinuously in case of major respiratory distress [1].

Currently there is not sufficient evidence for or against
the use of GT feeding in infants with bronchiolitis [46],
and in a recent large study from Australia no differences
in major outcomes were found between the two
methods [48]. However, feeding by GT has been increas-
ingly adopted, and used as routine in some countries
[41,49,50], including the recent guidelines of the Norwe-
gian Paediatric society [51]. In a large Scottish study of
bronchiolitis, no children received IV fluids, and no
complications related to feeding by GT were reported
[41]. Recently, a minor randomized pilot study compar-
ing IV fluid and feeding of GT showed no difference re-
garding the duration of oxygen supplementation or
length of stay between the two methods [43].

Few studies have addressed the appropriate amount
of fluid to be given during replacement in bronchio-
litis. Guidelines recommend that infants should receive
enough fluid to restore fluid loss and avoid dehydra-
tion, and the amount should not exceed 100% of daily
fluid requirements, normally set to 100 ml/kg for
infants <10 kg [3]. However, fluid retention due to
inappropriate secretion of antidiuretic hormone has
been reported in bronchiolitis, and clinicians should
be aware of the possibility of overhydration [1,52,53].
Consequently, 70-80% of the daily requirements may
be recommended, especially in those with severe disease
[1,3,44]. In these children, close monitoring of weight,
serum and urine-osmolality and serum electrolytes may
guide treatment [1]. Probably, possible overhydration
will be a less problem during enteral feeding, permit-
ting the body to absorb the needed amount of fluid and
electrolytes.
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Inhaled saline

Inhaled normal saline (0.9%) is commonly used for chil-
dren with bronchiolitis to increase clearing of mucous,
and is included as placebo in many studies evaluating
the effect of bronchodilators or hypertonic saline. How-
ever, we are not aware of any randomised study com-
paring normal saline with no treatment, and normal
saline is not suggested in current guidelines and re-
views [1-3,6,39]. Consequently, no recommendations
can be given.

Inhaled hypertonic saline has, in patients with various
diseases, shown to increase mucociliary clearance pos-
sibly through induction of an osmotic flow of water to
the mucus layer and by breaking ionic bonds within the
mucus gel [54]. Recent metaanalyses including more
than 1000 infants with mild to moderate bronchiolitis,
concluded that the use of hypertonic saline (3-5%) may
reduce the length of hospital stay and the rate of
hospitalization [55,56]. However, due to the possible side
effect of bronchospasm, all but few patients received a
combination with a bronchodilator. The optimal delivery
interval, concentration and delivery device remain un-
clear. The short term effect was conflicting, as four trials
showed no such effect [55]. In a recent study, 7% hyper-
tonic saline with epinephrine did not have any effect on
the clinical severity score [57].

A recommendation of hypertonic saline inhalations
based on the current evidence must include a broncho-
dilator. As recent evidence strongly supports the “min-
imal handling” approach to infants with bronchiolitis
[23], we do not support such a recommendation at this
time. Several trials with hypertonic saline without bron-
chodilators are ongoing, from which results may adjust
guidelines [1].

Inhalations with bronchodilators

In addition to bronchodilation, inhalation with adrenaline
may reduce mucosal swelling, which has led to frequent
use in infants with bronchiolitis. However, a clinically im-
portant, significant effect has been documented for nei-
ther adrenaline nor beta-2-agonists. Studies on short-term
effects show conflicting results. A recent Cochrane review
concludes that inhaled (racemic) adrenaline does not im-
prove important clinical outcomes such as length of hos-
pital stay or the use of supportive care in moderate to
severe bronchiolitis inpatients [58]. This is supported by a
recent large Norwegian randomised controlled trial (RCT)
of 404 infants [23]. In this study, treatment “as needed”
rather than on a fixed schedule resulted in less inhalations
(12 vs. 17 per day), shorter hospital stay (47.6 vs. 61.3 hours),
less use of supplemental oxygen (38.3 vs. 48.7%) and less
ventilatory support (4.0 vs. 10.8%). The effect was predom-
inantly seen in children <3 months (25 hours reduced hos-
pital stay), which also tended to have a negative effect of
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adrenaline compared to saline, supporting a conserva-
tive approach particularly in this age group. Adrenaline
is therefore not recommended as a standard treatment
in infants with bronchiolitis, but a trial might be per-
formed in children >3 months, with critical evaluation
of effect with respect to continuation of administration
[23]. Beta-2-agonists are not recommended for infants
with bronchiolitis [59,60].

Steroids

A recent metaanalysis including 17 RCTs concluded
that there is no beneficial effect of systemic corticoste-
roids in children with bronchiolitis, neither on rate of
hospitalization for outpatients nor on length of stay for
inpatients [61]. However, one study has shown a benefi-
cial effect of dexamethasone (0.15 mg/kg every 6 h for
48 h) in mechanically ventilated children, suggesting that
this may be an option in critically ill patients [62]. Fur-
ther, the combined therapy with inhaled epinephrine
and high-dose oral dexamethasone (1 mg/kg at presenta-
tion and 0.6 mg/kg for an additional 5 days) appeared to
reduce the rate of hospital admission in a small study
[63]. However, this treatment cannot be recommended
until evaluation in larger studies has been done.

Additional medication

Antibiotics is commonly used in children with lower re-
spiratory tract infections, but a Cochrane review including
543 infants concludes that there is no evidence for the use
of antibiotics in general [64]. However, antibiotics may
more frequently be warranted due to concurrent bacterial
infections in infants with severe disease, especially those
needing mechanical ventilation [65]. There is no role for
antiviral therapy in bronchiolitis [66].

Surfactant therapy has been suggested for critically ill
patients on mechanical ventilation. So far, this has been
evaluated in only three small studies, and a recent
Cochrane review concluded that there is insufficient
evidence for such treatment [67]. The use of recombin-
ant human deoxyribonuclease has not been efficacious
on any of the outcome variables in children with bron-
chiolitis [68].

Non-invasive and invasive ventilation
Continuous positive airway pressure (CPAP) with a nasal
tube or a nasal mask has been widely used in children
with moderate or severe bronchiolitis. CPAP may act by
recruiting collapsed airways and the corresponding al-
veoli, giving a reduction in mean airway resistance. This
further increases the emptying of the lungs during expir-
ation, resulting in a decreased hyperinflation and work
of breathing, and improved gas exchange [69,70].
Contrasting the widely use, the documentation for the
use of CPAP in bronchiolitis is sparse. A recent systematic
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review concluded that the evidence supporting the use of
CPAP to reduce PCO, and respiratory distress is of low
quality, and it has not been shown that the use of CPAP
reduces the need for invasive ventilation [69]. Only two
small RCTs have been performed [71,72], the other studies
have a before-after design [73-77]. However, these studies
have found that the use of CPAP in bronchiolitis is safe,
and on average reduces the capillary PCO, from before to
shortly after CPAP is initiated with 0.8 to 1.3 kPa [69].

The pressure used during ventilation with CPAP is
commonly set to 4-8 cm H,O, and a pressure of 5 cm
H,O has been efficient in reducing PCO,. Recently, a
prospective study suggested that a nasal CPAP level of
7 cm H,O was most efficient in reducing respiratory dis-
tress and improving the breathing pattern [78].

Heliox is a mixture of helium and oxygen and a low-
density gas. It may have a beneficial role in bronchiolitis
by transforming turbulent into laminar gas flow and
thereby improving oxygenation and the washout of CO,
[79]. The combination of heliox and CPAP (CPAP-He)
has been evaluated in three studies. All the studies in-
cluded few children, one quasi RCT and two before-after
studies [69,80-82]. All three studies showed a significantly
decrease in transcutaneous or arterial PCO, and respira-
tory distress. However, as no blinded RCT has been per-
formed, it must be concluded that more evidence is
needed before CPAP-He can be included in guidelines
[69]. Heliox therapy without the use of a tight CPAP or
combined with a nasal cannulae has been shown to be
ineffective [83].

Though no uniform criteria have been published, com-
mon criteria for which children should be treated with
CPAP are respiratory distress, high oxygen requirement
or increasing pCO, and apnoeas [1]. In a recent study,
the strongest predictors for CPAP treatment were oxy-
gen requirement, low oxygen saturation, younger age
and higher respiratory rate [84].

The use of heated humidified high-flow nasal cannulae
(HENC) has increasingly been introduced as an alternative
to nasal CPAP [85-91], also in a general paediatric ward
[92]. The method is currently used in neonatal medicine
[93], and may generally act by increasing the pharyngeal
pressure, leading to a reduction in respiratory efforts and
improving respiratory distress [94]. Based on the current
literature, a recent review concludes that HFNC may be
feasible in infants with bronchiolitis and may decrease the
need for intubation [87,90]. HENC may be better tolerated
than nasal CPAP [86,89,95], and larger paediatric units
have replaced CPAP with HFNC as the first-line non-
ventilatory support in bronchiolitis [86]. However, no ran-
domized trial has yet evaluated the effect in bronchiolitis
patients, and the most recent study concludes that there is
insufficient evidence to determine the effectiveness of
HENC in infants with bronchiolitis [96]. Serious air leak
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syndrome has been shown in some cases of children
treated with HFNC [97].

The safety of HFNC and CPAP may be arguments for
the early introduction of non-ventilatory support in chil-
dren with moderate bronchiolitis [69]. However, mech-
anical ventilation may still be necessary in infants with
insufficient support by nasal CPAP or HENC. Risk fac-
tors include prematurity, low birth weight and broncho-
pulmonary dysplasia, and further those with apnoe, low
oxygen saturation, poor oral intake and severe retrac-
tions on admission [98,99].

There is no consensus on which ventilator technique
is the best for children with bronchiolitis [70,100]. Both
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volume and pressure cycled ventilation has been used,
with a large variation in ventilator rates (10—60 beats per
minute), maximum pressure (20-50 cm H,O) and tidal
volume (6-20 ml/kg) [70]. The use of PEEP is also vary-
ing, from 0 to 15 cm H,O. The use of high frequency
oscillation has been successful in some case reports
[101]. However, it is suggested that infants with hyperin-
flation may benefit from slower rates and longer expira-
tory times [70].

For those very few not controlled on mechanical ventila-
tion (in most cases associated with severe bronchopul-
monary dysplasia), extracorporeal membrane oxygenation
has been shown to have some benefit [70,98].

Initial assessment
History — Assess risk factors for severe disease;age < 2 months, prematurity, chronic lung disease,
congenital heart disease, neuromuscular disease
- Assess symptoms; apnoe, wheezing, cough, nutriton and fluid intake
Observation - Respiratory rate, chest movements, polonged expiration, recessions, use of accessory
muscles, cyanosis, general condition, mental status
Examination - Wheezing or inspiratory crackles by aiscultation, hydration status
Investigations - Oxygen saturation , rapid virologtal testing
Severity - Mild, moderate or severe (Table 1)

!

|

Mild bronchiolitis:

- Reassurance of parents

- Avoid unnecessary and painful
procedures

- Observe at home

infants <3

- Oxygen b
- Fluid and

Moderate or severe bronchiolitis
Generally, a “minimal handling” approach is recommended, especially for

- Prone position (if continuously observed)
- Careful nasal suctioning if copious secretions

- Restore fluid loss and treat dehydration

- Small volume frequent feed — breast milk is advoated

- If inadequate oral feeding; feed by gastric tube

- If enteral feeding not tolerated; give crystalloids IV

- Fluid requirement 100 ml/kg, consider 80 ml/kg ifseverely ill
Inhaled adrenaline — consider in infants > 3 months, given “as needed”

- Racemic adrenaline 2 — 5 mg in 2-5 ml NaCl 9 mg/ml or

- Adrenalin 1 mg/ml: 1 - 2 mg in 2-5 ml NaCl 9 mg/ml.

- May be repeated every 1-2 hourly

months

y face mask or nasal cannula to keep SpO2 > 90 - 92%
nutrition

v

—in severe

Blood tests

Additional investigations
— by clinical indication only in moderate bronchiolitis

Full blood count, CRP (suspected bacterial infection)
Serum electrolytes (suspected imbalance)

Blood gases (severe respiratory distress)

Chest X-ray (prolonged fever, SpO2 < 90%, child at ICU)

bronchiolitis,

v

Reassessments at regular intervals

Oxygen requirement, physical observation and examinatit

(every 1 hour for severe bronchiolitis, every 2-4 hours for moderate bronchiolitis)

on as above, additional investigations

v

Poor improvement or deterioration, impending respir

Referral to an intensive care unit depending
Consider nasal CPAP — level 7 cm H,O

Severe apnoes, high oxygen supply, low oxygen saturation, increasing respiratory distress

Optionally; heated humidified high-flow nasal cannulae

atory failure

on local conditions

v ¢

v

v

Further deterioration

- Respiratory distress, high oxygen supply,

- Worsening of general signs and mental status,
- Increasing pCO2 > 7.5 — 8 kPa

Improvement, moderate and decreasing respiratory distress
- Step down treatment / medication

- Consider mechanical ventilation

Figure 1 Treatment algorithm for infants with bronchiolitis.
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Preventive measures

It is important to avoid nosocomial spread of RSV and
other respiratory viruses from children with bronchiolitis
[102]. RSV can survive up to seven hours on surfaces
and is transmitted directly or indirectly by touch [103].
Further, air sampling in subjects infected with RSV has
detected RSV RNA up to 700 cm from head of the pa-
tients bed [104]. Hand decontamination by antimicrobial
soap or alcohol based hand rubs before and after patient
contact, and also after removing gloves and after contact
with possible decontaminated objects, is an important
strategy for primary prevention [3]. However, wearing
masks has not been shown to have additional benefit [3].

Management plan
Based on the above considerations and recent guidelines,
we suggest a treatment plan for acute bronchiolitis in
children, including dose recommendations (Figure 1).
All institutions caring for children with bronchiolitis
should provide a clear in-house treatment algorithm to
their staff, taking local considerations and circumstances
into account.

Differential diagnostic considerations

In most cases, the diagnosis of bronchiolitis is clinically
evident and no further tests are indicated to rule out
other diagnosis [2]. However, other diagnosis may be
considered in a child with atypical presentations includ-
ing severe respiratory distress, and recurrent symptoms,
and in a child presenting with otherwise typical symp-
toms, but with no signs of a viral infection [2]. Differen-
tial diagnosis may include gastroesophageal reflux,
laryngotracheobroncholamacia, pertussis, foreign body
aspiration, vascular ring and other mediastinal obstruc-
tions or other congenital lung diseases [2,6]. Asthma
may be considered in the oldest infants with recurrent
episodes of wheeze, but the overlap with asthma is less
likely when bronchiolitis is only defined in infants youn-
ger than 12 months of age [6].

Outcome

Children hospitalized with bronchiolitis in infancy have
an increased risk of subsequent asthma, reduced lung
function and increased bronchial hyperresponsiveness
[24,105]. Except from in the studies by Sigurs et al. [8],
they do not seem to have an increased risk of atopy
[106]. The increased risk of asthma is particularly found
among children hospitalized with RSV negative bron-
chiolitis or bronchiolitis due to Rhinovirus [24,107],
whereas the association between RSV bronchiolitis in in-
fancy and subsequent respiratory morbidity decreases
with age [108]. The association between bronchiolitis
and later asthma is complex and probably related to viral
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etiology, genetic, structural, immunological, inflamma-
tory and environmental mechanisms [109].

Conclusion

Bronchiolitis is the most common reason for hospitalization
during infancy, being a burden for the child and family, and
bearing huge costs for the healthcare systems. The main
principles for treatment include minimal handling, main-
tenance of oxygen saturation, fluid balance and nutrition.
Other therapeutic options are inhalations with epinephrine,
normal saline or hypertonic saline, but the evidences for
their use are sparse. CPAP and heated humidified high-flow
nasal cannulae are commonly used in those with respiratory
failure, but more high-quality studies are needed to prove
their efficacy. Very few children may be in need of mechan-
ical ventilation.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

K@ initiated and coordinated the writing of the manuscript. K&, HOS, and
IBM all contributed substantially to the literature search and writing, and
read and approved the final manuscript.

Author details

'Department of Paediatrics, Stavanger University Hospital, PO Box 8100,
N-4068 Stavanger, Norway. “Department of Clinical Science, University of
Bergen, Bergen, Norway. ’Institute of Clinical Medicine, University of Oslo,
Oslo, Norway. “Department of Paediatrics, Oslo University Hospital, Oslo,
Norway.

Received: 30 October 2013 Accepted: 28 March 2014
Published: 3 April 2014

References

1. Nagakumar P, Doull I: Current therapy for bronchiolitis. Arch Dis Child
2012, 97:827-830.

2. Zorc JJ, Hall CB: Bronchiolitis: recent evidence on diagnosis and
management. Pediatrics 2010, 125:342-349.

3. American Academy of Pediatrics Subcommittee on D, Management of B:
Diagnosis and management of bronchiolitis. Pedliatrics 2006, 118:1774-1793.

4. Stockman LJ, Curns AT, Anderson LJ, Fischer-Langley G: Respiratory syncytial
virus-associated hospitalizations among infants and young children in the
United States, 1997-2006. Pediatr Infect Dis J 2012, 31:5-9.

5. Choi J, Lee GL: Common pediatric respiratory emergencies. Emerg Med
Clin North Am 2012, 30:529-563.

6. Wainwright C: Acute viral bronchiolitis in children- a very common condition
with few therapeutic options. Paediatr Respir Rev 2010, 11:39-45. quiz 45.

7. Scottish Intercollegiate Guidelines Network: Bronchiolitis in Children. http://
www.sign.ac.uk/pdf/sign91.pdf.

8. Sigurs N, Aljassim F, Kjellman B, Robinson PD, Sigurbergsson F, Bjarnason R,
Gustafsson PM: Asthma and allergy patterns over 18 years after severe
RSV bronchiolitis in the first year of life. Thorax 2010, 65:1045-1052.

9. Henderson J, Hilliard TN, Sherriff A, Stalker D, Al Shammari N, Thomas HM:
Hospitalization for RSV bronchiolitis before 12 months of age and
subsequent asthma, atopy and wheeze: a longitudinal birth cohort
study. Pediatr Allergy Immunol 2005, 16:386-392.

10.  Mikalsen IB, Halvorsen T, Oymar K: Response to letter. Pediatr Pulmonol
2013, 48:936.

11. Jartti T, Lehtinen P, Vuorinen T, Ruuskanen O: Bronchiolitis: age and
previous wheezing episodes are linked to viral etiology and atopic
characteristics. Pediatr Infect Dis J 2009, 28:311-317.

12. Carroll KN, Gebretsadik T, Griffin MR, Wu P, Dupont WD, Mitchel EF, Enriquez
R, Hartert TV: Increasing burden and risk factors for bronchiolitis-related


http://www.sign.ac.uk/pdf/sign91.pdf
http://www.sign.ac.uk/pdf/sign91.pdf

@ymar et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:23

http://www.sjtrem.com/content/22/1/23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

medical visits in infants enrolled in a state health care insurance plan.
Pediatrics 2008, 122:58-64.

Fjaerli HO, Farstad T, Bratlid D: Hospitalisations for respiratory syncytial
virus bronchiolitis in Akershus, Norway, 1993-2000: a population-based
retrospective study. BVC Pediatr 2004, 4:25.

Murray J, Bottle A, Sharland M, Modi N, Aylin P, Majeed A, Saxena S,
Medicines for Neonates Investigator G: Risk factors for hospital admission
with RSV bronchiolitis in England: a population-based birth cohort study.
PLoS One 2014, 9:289186.

Birkhaug IM, Inchley CS, Aamodt G, Anestad G, Nystad W, Nakstad B: Infectious
burden of respiratory syncytial virus in relation to time of birth modifies
the risk of lower respiratory tract infection in infancy: the Norwegian
mother and child cohort. Pediatr Infect Dis J 2013, 32:235-e241.

Midulla F, Scagnolari C, Bonci E, Pierangeli A, Antonelli G, De Angelis D,
Berardi R, Moretti C: Respiratory syncytial virus, human bocavirus and
rhinovirus bronchiolitis in infants. Arch Dis Child 2010, 95:35-41.
Stensballe LG, Devasundaram JK, Simoes EA: Respiratory syncytial virus
epidemics: the ups and downs of a seasonal virus. Pediatr Infect Dis J
2003, 22:521-S32.

Seemungal T, Harper-Owen R, Bhowmik A, Moric |, Sanderson G, Message S,
Maccallum P, Meade TW, Jeffries DJ, Johnston SL, Wedzicha JA: Respiratory
viruses, symptoms, and inflammatory markers in acute exacerbations
and stable chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2001, 164:1618-1623.

Fleming DM, Pannell RS, Cross KW: Mortality in children from influenza and
respiratory syncytial virus. J Epidemiol Community Health 2005, 59:586-590.
Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, Anderson LJ,
Fukuda K: Mortality associated with influenza and respiratory syncytial
virus in the United States. JAMA 2003, 289:179-186.

Panickar JR, Dodd SR, Smyth RL, Couriel JM: Trends in deaths from
respiratory illness in children in England and Wales from 1968 to 2000.
Thorax 2005, 60:1035-1038.

Midulla F, Pierangeli A, Cangiano G, Bonci E, Salvadei S, Scagnolari C,
Moretti C, Antonelli G, Ferro V, Papoff P: Rhinovirus bronchiolitis and
recurrent wheezing: 1-year follow-up. Eur Respir J 2012, 39:396-402.
Skjerven HO, Hunderi JO, Brugmann-Pieper SK, Brun AC, Engen H, Eskedal L,
Haavaldsen M, Kvenshagen B, Lunde J, Rolfsjord LB, Haavaldsen M, Kvenshagen
B, Lunde J, Rolfsjord LB, Siva C, Vikin T, Mowinckel P, Carlsen KH, Ladrup Carlsen
KC: Racemic adrenaline and inhalation strategies in acute bronchiolitis.

N Engl J Med 2013, 368:2286-2293.

Mikalsen 1B, Halvorsen T, Oymar K: The outcome after severe bronchiolitis
is related to gender and virus. Pediatr Allergy Immunol 2012, 23:391-398.
Brand HK, de Groot R, Galama JM, Brouwer ML, Teuwen K, Hermans PW,
Melchers WJ, Warris A: Infection with multiple viruses is not associated
with increased disease severity in children with bronchiolitis. Pediatr
Pulmonol 2012, 47:393-400.

Paediatric Society New Zealand: Guidelines; Wheeze and Chest Infection in
Children Under 1 Year. http://www.paediatrics.org.nz/files/guidelines/
Wheezeendorsed.pdf.

Siezen CL, Bont L, Hodemaekers HM, Ermers MJ, Doornbos G, Van't Slot R,
Wijmenga C, Houwelingen HC, Kimpen JL, Kimman TG, Hoebee B, Janssen
R: Genetic susceptibility to respiratory syncytial virus bronchiolitis in
preterm children is associated with airway remodeling genes and innate
immune genes. Pediatr Infect Dis J 2009, 28:333-335.

Bordley WC, Viswanathan M, King VJ, Sutton SF, Jackman AM, Sterling L,
Lohr KN: Diagnosis and testing in bronchiolitis: a systematic review.

Arch Pediatr Adolesc Med 2004, 158:119-126.

Johnson LW, Robles J, Hudgins A, Osburn S, Martin D, Thompson A:
Management of bronchiolitis in the emergency department: impact of
evidence-based guidelines? Pediatrics 2013, 131(Suppl 1):5103-5109.
Ferronato AE, Gilio AE, Ferraro AA, Paulis M, Vieira SE: Etiological diagnosis
reduces the use of antibiotics in infants with bronchiolitis. Clinics (Sao
Paulo) 2012, 67:1001-1006.

Ralston S, Garber M, Narang S, Shen M, Pate B, Pope J, Lossius M, Croland T,
Bennett J, Jewell J, Krugman S, Robbins E, Nazif J, Liewehr S, Miller A, Marks
M, Pappas R, Pardue J, Quinonez R, Fine BR, Ryan M: Decreasing
unnecessary utilization in acute bronchiolitis care: results from the value
in inpatient pediatrics network. J Hosp Med 2013, 8:25-30.

Akenroye AT, Baskin MN, Samnaliev M, Stack AM: Impact of a bronchiolitis
guideline on ED resource use and cost: a segmented time-series analysis.
Pediatrics 2014, 133:227-e234.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 8 of 10

Parikh K, Hall M, Teach SJ: Bronchiolitis Management Before and After the
AAP Guidelines. Pediatrics 2014, 133:e1-7.

Mansbach JM, Piedra PA, Teach SJ, Sullivan AF, Forgey T, Clark S, Espinola
JA, Camargo CA Jr, for the M-I: Prospective Multicenter study of viral
etiology and hospital length of stay in children with severe bronchiolitis.
Arch Pediatr Adolesc Med 2012, 166:700-706.

Schuh S, Lalani A, Allen U, Manson D, Babyn P, Stephens D, MacPhee S,
Mokanski M, Khaikin S, Dick P: Evaluation of the utility of radiography in
acute bronchiolitis. J Pediatr 2007, 150:429-433.

Mahabee-Gittens EM, Bachman DT, Shapiro ED, Dowd MD: Chest radiographs
in the pediatric emergency department for children < or = 18 months of
age with wheezing. Clin Pediatr (Phila) 1999, 38:395-399.

Viswanathan M, King VJ, Bordley C, Honeycutt AA, Wittenborn J, Jackman
AM, Sutton SF, Lohr KN: Management of bronchiolitis in infants and
children. Evid Rep Technol Assess (Summ) 2003, 69:1-5.

Gillies D, Wells D, Bhandari AP: Positioning for acute respiratory distress in
hospitalised infants and children. Cochrane Database Syst Rev 2012, 7, CD003645.
Miller ST: How | treat acute chest syndrome in children with sickle cell
disease. Blood 2011, 117:5297-5305.

Rojas MX, Granados Rugeles C, Charry-Anzola LP: Oxygen therapy for lower
respiratory tract infections in children between 3 months and 15 years
of age. Cochrane Database Syst Rev 2009, 21:CD005975.

Unger S, Cunningham S: Effect of oxygen supplementation on length of
stay for infants hospitalized with acute viral bronchiolitis. Pediatrics 2008,
121:470-475.

Schroeder AR, Marmor AK, Pantell RH, Newman TB: Impact of pulse
oximetry and oxygen therapy on length of stay in bronchiolitis
hospitalizations. Arch Pediatr Adolesc Med 2004, 158:527-530.

Kugelman A, Raibin K, Dabbah H, Chistyakov |, Srugo |, Even L, Bzezinsky N,
Riskin A: Intravenous fluids versus gastric-tube feeding in hospitalized
infants with viral bronchiolitis: a randomized, prospective pilot study.

J Pediatr 2013, 162:640-642. e641.

Qakley E, Babl FE, Acworth J, Borland M, Kreiser D, Neutze J, Theophilos T,
Donath S, South M, Davidson A: A prospective randomised trial
comparing nasogastric with intravenous hydration in children with
bronchiolitis (protocol): the comparative rehydration in bronchiolitis
study (CRIB). BMC Pediatr 2010, 10:37.

Hernandez E, Khoshoo V, Thoppil D, Edell D, Ross G: Aspiration: a factor in
rapidly deteriorating bronchiolitis in previously healthy infants? Pediatr
Pulmonol 2002, 33:30-31.

Kennedy N, Flanagan N: Is nasogastric fluid therapy a safe alternative to
the intravenous route in infants with bronchiolitis? Arch Dis Child 2005,
90:320-321.

Atzei A, Atzori L, Moretti C, Barberini L, Noto A, Ottonello G, Pusceddu E,
Fanos V: Metabolomics in paediatric respiratory diseases and
bronchiolitis. J Matern Fetal Neonatal Med 2011, 24(Suppl 2):59-62.

Qakley E, Borland M, Neutze J, Acworth J, Krieser D, Dalziel S, Davidson A,
Donath S, Jachno K, South M, Theophilos T, Babl FE, Paediatric Research in
Emergency Departments International Collaborative (PREDICT): Nasogastric
hydration versus intravenous hydration for infants with bronchiolitis: a
randomised trial. Lancet Respir Med 2013, 1:113-120.

Brand PL, Vaessen-Verberne AA: Differences in management of bronchiolitis
between hospitals in The Netherlands. Dutch Paediatric Respiratory Society.
Eur J Pediatr 2000, 159:343-347.

Babl FE, Sheriff N, Neutze J, Borland M, Oakley E: Bronchiolitis management
in pediatric emergency departments in Australia and New Zealand: a
PREDICT study. Pediatr Emerg Care 2008, 24:656-658.

Norwegian Society of Pediatricians Guidelines; Bronchiolitis [http:/www.
helsebiblioteket.no/retningslinjer/akuttveileder-i-pediatri/lunge-og-
luftveissykdommer/akutt-bronkiolitt]

van Steensel-Moll HA, Hazelzet JA, van der Voort E, Neijens HJ, Hackeng
WH: Excessive secretion of antidiuretic hormone in infections with
respiratory syncytial virus. Arch Dis Child 1990, 65:1237-1239.

Gozal D, Colin AA, Jaffe M, Hochberg Z: Water, electrolyte, and endocrine
homeostasis in infants with bronchiolitis. Pediatr Res 1990, 27:204-2009.
Mandelberg A, Amirav I: Hypertonic saline or high volume normal saline
for viral bronchiolitis: mechanisms and rationale. Pediatr Pulmonol 2010,
45:36-40.

Zhang L, Mendoza-Sassi RA, Wainwright C, Klassen TP: Nebulised hypertonic
saline solution for acute bronchiolitis in infants. Cochrane Database Syst Rev
2013, 7, CD006458.


http://www.paediatrics.org.nz/files/guidelines/Wheezeendorsed.pdf
http://www.paediatrics.org.nz/files/guidelines/Wheezeendorsed.pdf
http://www.helsebiblioteket.no/retningslinjer/akuttveileder-i-pediatri/lunge-og-luftveissykdommer/akutt-bronkiolitt
http://www.helsebiblioteket.no/retningslinjer/akuttveileder-i-pediatri/lunge-og-luftveissykdommer/akutt-bronkiolitt
http://www.helsebiblioteket.no/retningslinjer/akuttveileder-i-pediatri/lunge-og-luftveissykdommer/akutt-bronkiolitt

@ymar et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:23

http://www.sjtrem.com/content/22/1/23

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Chen YJ, Lee WL, Wang CM, Chou HH: Nebulized hypertonic saline
treatment reduces both rate and duration of hospitalization for acute
bronchiolitis in infants: an updated meta-analysis. Pediatr Neonatol 2014.
doi: 10.1016/j.pedne0.2013.09.013.

Jacobs JD, Foster M, Wan J, Pershad J: 7% Hypertonic saline in acute
bronchiolitis: a randomized controlled trial. Pediatrics 2014, 133:e8-e13.
Hartling L, Bialy LM, Vandermeer B, Tjosvold L, Johnson DW, Plint AC,
Klassen TP, Patel H, Fernandes RM: Epinephrine for bronchiolitis. Cochrane
Database Syst Rev 2011, 15:CD003123.

Gadomski AM, Brower M: Bronchodilators for bronchiolitis. Cochrane
Database Syst Rev 2010, 8:CD001266.

Hartling L, Fernandes RM, Bialy L, Milne A, Johnson D, Plint A, Klassen TP,
Vandermeer B: Steroids and bronchodilators for acute bronchiolitis in the
first two years of life: systematic review and meta-analysis. BMJ 2011,
342:d1714.

Fernandes RM, Bialy LM, Vandermeer B, Tjosvold L, Plint AC, Patel H, Johnson DW,
Klassen TP, Hartling L: Glucocorticoids for acute viral bronchiolitis in infants
and young children. Cochrane Database Syst Rev 2013, 6, CD004878.

van Woensel JB, van Aalderen WM, de Weerd W, Jansen NJ, van Gestel JP,
Markhorst DG, van Vught AJ, Bos AP, Kimpen JL: Dexamethasone for
treatment of patients mechanically ventilated for lower respiratory tract
infection caused by respiratory syncytial virus. Thorax 2003, 58:383-387.
Plint AC, Johnson DW, Patel H, Wiebe N, Correll R, Brant R, Mitton C, Gouin S,
Bhatt M, Joubert G, Black KJ, Turner T, Whitehouse S, Klassen TP, Pediatric
Emergency Research Canada (PERC): Epinephrine and dexamethasone in
children with bronchiolitis. N Eng/ J Med 2009, 360:2079-2089.

Spurling GK, Doust J, Del Mar CB, Eriksson L: Antibiotics for bronchiolitis in
children. Cochrane Database Syst Rev 2011, 15:CD005189.

Thorburn K, Harigopal S, Reddy V, Taylor N, van Saene HK: High incidence
of pulmonary bacterial co-infection in children with severe respiratory
syncytial virus (RSV) bronchiolitis. Thorax 2006, 61:611-615.

Ventre K, Randolph AG: Ribavirin for respiratory syncytial virus infection
of the lower respiratory tract in infants and young children. Cochrane
Database Syst Rev 2007, 24:CD000181.

Jat KR, Chawla D: Surfactant therapy for bronchiolitis in critically ill
infants. Cochrane Database Syst Rev 2012, 9, CD009194.

Boogaard R, Hulsmann AR, van Veen L, Vaessen-Verberne AA, Yap YN, Sprij AJ,
Brinkhorst G, Sibbles B, Hendriks T, Feith SW, Lincke CR, Brandsma AE, Brand PL,
Hop WC, de Hoog M, Merkus PJ: Recombinant human deoxyribonuclease in
infants with respiratory syncytial virus bronchiolitis. Chest 2007, 131:788-795.
Donlan M, Fontela PS, Puligandla PS: Use of continuous positive airway
pressure (CPAP) in acute viral bronchiolitis: a systematic review. Pediatr
Pulmonol 2011, 46:736-746.

Greenough A: Role of ventilation in RSV disease: CPAP, ventilation, HFO,
ECMO. Paediatr Respir Rev 2009, 10(Suppl 1):26-28.

Thia LP, McKenzie SA, Blyth TP, Minasian CC, Kozlowska WJ, Carr SB:
Randomised controlled trial of nasal continuous positive airways
pressure (CPAP) in bronchiolitis. Arch Dis Child 2008, 93:45-47.

Milesi C, Matecki S, Jaber S, Mura T, Jacquot A, Pidoux O, Chautemps N,
Novais AR, Combes C, Picaud JC, Cambonie G: 6 cmH(2) O continuous
positive airway pressure versus conventional oxygen therapy in severe
viral bronchiolitis: A randomized trial. Pediatr Pulmonol 2012, 48:45-51.
Cambonie G, Milesi C, Jaber S, Amsallem F, Barbotte E, Picaud JC, Matecki S:
Nasal continuous positive airway pressure decreases respiratory muscles
overload in young infants with severe acute viral bronchiolitis. Intensive
Care Med 2008, 34:1865-1872.

Lazner MR, Basu AP, Klonin H: Non-invasive ventilation for severe
bronchiolitis: Analysis and evidence. Pediatr Pulmonol 2012, 47:909-916.
Campion A, Huvenne H, Leteurtre S, Noizet O, Binoche A, Diependaele JF,
Cremer R, Fourier C, Sadik A, Leclerc F: [Non-invasive ventilation in infants
with severe infection presumably due to respiratory syncytial virus:
feasibility and failure criteria]. Arch Pediatr 2006, 13:1404-1409.

Larrar S, Essouri S, Durand P, Chevret L, Haas V, Chabernaud JL, Leyronnas
D, Devictor D: [Effects of nasal continuous positive airway pressure
ventilation in infants with severe acute bronchiolitis]. Arch Pediatr 2006,
13:1397-1403.

Beasley JM, Jones SE: Continuous positive airway pressure in bronchiolitis.
Br Med J (Clin Res Ed) 1981, 283:1506—1508.

Essouri S, Durand P, Chevret L, Balu L, Devictor D, Fauroux B, Tissieres P:
Optimal level of nasal continuous positive airway pressure in severe viral
bronchiolitis. Intensive Care Med 2011, 37:2002-2007.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Page 9 of 10

Gluck EH, Onorato DJ, Castriotta R: Helium-oxygen mixtures in intubated
patients with status asthmaticus and respiratory acidosis. Chest 1990,
98:693-698.

Martinon-Torres F, Rodriguez-Nunez A, Martinon-Sanchez JM: Nasal
continuous positive airway pressure with heliox in infants with acute
bronchiolitis. Respir Med 2006, 100:1458-1462.

Mayordomo-Colunga J, Medina A, Rey C, Concha A, Los Arcos M, Menendez
S: Helmet-delivered continuous positive airway pressure with heliox in
respiratory syncytial virus bronchiolitis. Acta Paediatr 2010, 99:308-311.
Martinon-Torres F, Rodriguez-Nunez A, Martinon-Sanchez JM: Nasal continuous
positive airway pressure with heliox versus air oxygen in infants with acute
bronchiolitis: a crossover study. Pediatrics 2008, 121:21190-e1195.
Chowdhury MM, McKenzie SA, Pearson CC, Carr S, Pao C, Shah AR, Reus E,
Eliahoo J, Gordon F, Bland H, Habibi P: Heliox therapy in bronchiolitis:
phase Ill multicenter double-blind randomized controlled trial. Pediatrics
2013, 131:661-669.

Evans J, Marlais M, Abrahamson E: Clinical predictors of nasal continuous
positive airway pressure requirement in acute bronchiolitis. Pediatr
Pulmonol 2012, 47:381-385.

McKiernan C, Chua LC, Visintainer PF, Allen H: High flow nasal cannulae
therapy in infants with bronchiolitis. J Pediatr 2010, 156:634-638.
Thorburn K, Ritson P: Heated, humidified high-flow nasal cannula therapy
in viral bronchiolitis-Panacea, passing phase, or progress?*. Pediatr Crit
Care Med 2012, 13:700-701.

Lee JH, Rehder KJ, Williford L, Cheifetz IM, Turner DA: Use of high flow
nasal cannula in critically ill infants, children, and adults: a critical review
of the literature. Intensive Care Med 2012, 39:247-257.

Arora B, Mahajan P, Zidan MA, Sethuraman U: Nasopharyngeal airway
pressures in bronchiolitis patients treated with high-flow nasal cannula
oxygen therapy. Pediatr Emerg Care 2012, 28:1179-1184.

Abboud PA, Roth PJ, Skiles CL, Stolfi A, Rowin ME: Predictors of failure in
infants with viral bronchiolitis treated with high-flow, high-humidity
nasal cannula therapy*. Pediatr Crit Care Med 2012, 13:e343-e349.

Schibler A, Pham TM, Dunster KR, Foster K, Barlow A, Gibbons K, Hough JL:
Reduced intubation rates for infants after introduction of high-flow nasal
prong oxygen delivery. Intensive Care Med 2011, 37:847-852.

Haq |, Gopalakaje S, Fenton AC, McKean MC CJOB, Brodlie M: The evidence
for high flow nasal cannula devices in infants. Paediatr Respir Rev 2013.
doi: 10.1016/}.prrv.2013.12.002.

Bressan S, Balzani M, Krauss B, Pettenazzo A, Zanconato S, Baraldi E:
High-flow nasal cannula oxygen for bronchiolitis in a pediatric ward: a
pilot study. Eur J Pediatr 2013, 172:1649-1656.

Manley BJ, Dold SK, Davis PG, Roehr CC: High-flow nasal cannulae for
respiratory support of preterm infants: a review of the evidence.
Neonatology 2012, 102:300-308.

Milesi C, Baleine J, Matecki S, Durand S, Combes C, Novais AR, Combonie G:
Is treatment with a high flow nasal cannula effective in acute viral
bronchiolitis? A physiologic study. Intensive Care Med 2013, 39:1088-1094.
Klingenberg C, Pettersen M, Hansen EA, Gustavsen LJ, Dahl IA, Leknessund
A, Kaaresen PI, Nordhov M: Patient comfort during treatment with heated
humidified high flow nasal cannulae versus nasal continuous positive
airway pressure: a randomised cross-over trial. Arch Dis Child Fetal
Neonatal Ed 2014, 99:F134-F137.

Beggs S, Wong ZH, Kaul S, Ogden KJ, Walters JA: High-flow nasal cannula
therapy for infants with bronchiolitis. Cochrane Database Syst Rev 2014,
1:CD009609.

Hegde S, Prodhan P: Serious air leak syndrome complicating high-flow
nasal cannula therapy: a report of 3 cases. Pediatrics 2013, 131:939-e944.
Flamant C, Hallalel F, Nolent P, Chevalier JY, Renolleau S: Severe respiratory
syncytial virus bronchiolitis in children: from short mechanical ventilation
to extracorporeal membrane oxygenation. Eur J Pediatr 2005, 164:93-98.
Mansbach JM, Piedra PA, Stevenson MD, Sullivan AF, Forgey TF, Clark S,
Espinola JA, Camargo CA Jr, Investigators M: Prospective multicenter study
of children with bronchiolitis requiring mechanical ventilation. Pediatrics
2012, 130:492-e500.

Leclerc F, Scalfaro P, Noizet O, Thumerelle C, Dorkenoo A, Fourier C:
Mechanical ventilatory support in infants with respiratory syncytial virus
infection. Pediatr Crit Care Med 2001, 2:197-204.

Berner ME, Hanquinet S, Rimensberger PC: High frequency oscillatory
ventilation for respiratory failure due to RSV bronchiolitis. Intensive Care
Med 2008, 34:1698-1702.



@ymar et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:23

http://www.sjtrem.com/content/22/1/23

102.

103.

105.

106.

108.

109.

Harris JA, Huskins WC, Langley JM, Siegel JD, Pediatric Special Interest
Group of the Society for Healthcare Epidemiology of A: Health care
epidemiology perspective on the October 2006 recommendations of
the Subcommittee on Diagnosis and Management of Bronchiolitis.
Pediatrics 2007, 120:890-892.

Hall CB, Douglas RG Jr, Geiman JM: Possible transmission by fomites of
respiratory syncytial virus. J Infect Dis 1980, 141:98-102.

. Aintablian N, Walpita P, Sawyer MH: Detection of Bordetella pertussis and

respiratory synctial virus in air samples from hospital rooms. Infect
Control Hosp Epidemiol 1998, 19:918-923.

Szabo SM, Levy AR, Gooch KL, Bradt P, Wijaya H, Mitchell I: Elevated risk of
asthma after hospitalization for respiratory syncytial virus infection in
infancy. Paediatr Respir Rev 2013, 13(Suppl 2):59-S15.

Stein RT: Long-term airway morbidity following viral LRTI in early infancy:
recurrent wheezing or asthma? Paediatr Respir Rev 2009, 10(Suppl 1):29-31.

. Hyvarinen M, Piippo-Savolainen E, Korhonen K, Korppi M: Teenage asthma

after severe infantile bronchiolitis or pneumonia. Acta Paediatr 2005,
94:1378-1383.

Regnier SA, Huels J: Association between respiratory syncytial virus
hospitalizations in infants and respiratory sequelae: systematic review
and meta-analysis. Pediatr Infect Dis J 2013, 32:820-826.

Beigelman A, Bacharier LB: The role of early life viral bronchiolitis in the
inception of asthma. Curr Opin Allergy Clin Immunol 2013, 13:211-216.

doi:10.1186/1757-7241-22-23

Cite this article as: @ymar et al: Acute bronchiolitis in infants, a review.
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine
2014 22:23.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Introduction
	Methods
	Clinical definition
	Epidemiology
	Pathophysiology
	Clinical characteristics
	Assessment
	Clinical assessment
	Laboratory assessment

	Management
	General management
	Oxygen
	Fluid and nutrition
	Inhaled saline
	Inhalations with bronchodilators
	Steroids
	Additional medication
	Non-invasive and invasive ventilation

	Preventive measures
	Management plan
	Differential diagnostic considerations
	Outcome

	Conclusion
	Competing interests
	Authors’ contributions
	Author details
	References

