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Summary

Large seasonal outbreaks of bronchiolitis put pressure on healthcare systems and particularly on intensive care units
(ICUs). ICU admission is necessary to provide respiratory support to the severest cases, otherwise bronchiolitis can
result in substantial mortality. ICU resources are often insufficient and there is scant evidence to guide the ICU
clinical management. Most available studies do not cover the ICU-admitted cases and do not consider the associated
public health issues. We review this topic through a multidisciplinary approach from both the clinical and public
health perspectives, with an analysis based on pathophysiology and cost-effectiveness. We suggest ways to optimise
respiratory care, minimise ICU stay, “protect” ICU beds and, whenever possible, make them available for other
critically ill children. We also provide guidance on how to prepare ICUs to work under stressful conditions due to
outbreaks and to reduce the risk of nosocomial cross-contamination, particularly in ICUs caring for high-risk
children.
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countries. In Europe and North America, neonatal and
paediatric ICU beds have proven insufficient, and in-
fants have had to be transferred hundreds of kilometres
away from home to receive appropriate care. This has

Introduction

Bronchiolitis is the commonest respiratory infection in
early infancy. It results in considerable mortality in the
absence of respiratory critical care,' whereas, when this

is provided, bronchiolitis is associated with a significant
burden of care, as well as long and expensive hospital
stay translating into relevant public health and societal
consequences.” Respiratory critical care is provided in
intensive care units (ICUs), which therefore play a
pivotal role in the current management of bronchiolitis.
In recent years, seasonal outbreaks of respiratory syn-
cytial virus (RSV), the main aetiologic agent of bron-
chiolitis, have been particularly severe and have stressed
the healthcare systems in several high-income
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received wide media coverage and reached the headlines
(“RSV hammers the hospitals”).> On a smaller scale, this
situation was similar to that observed in adult critical
care during the recent pandemics,’ and is complicated,
at least in Europe, by funding that seems relatively
insufficient compared to the current needs.

Additional  factors complicate the situation.
Depending on local policies, patients with bronchiolitis
are admitted to paediatric, neonatal or mixed ICUs,
which may have different clinical backgrounds and
levels of preparedness to work during outbreaks and
prevent nosocomial cross-contamination. In fact, there
are substantial variations in ICU management of bron-
chiolitis.* Most available literature focuses on patients in
emergency departments and general paediatric wards,
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without covering the severest cases who reach the ICU.
Only one clinical practice guideline is dedicated to these
patients, but given the paucity of specific ICU studies, it
has many uncertainties and does not consider the public
health issues (e.g. shortage of ICU beds, the associated
costs and the risk of nosocomial outbreaks).” Thus,
guidance is needed to manage children with bronchio-
litis needing critical care and, to the best of our knowl-
edge, is lacking in the literature. We aim to fill this gap:
here we review the topic from both clinical and public
health perspectives and suggest how to optimise respi-
ratory care, minimise ICU stay and the risk of nosoco-
mial outbreaks, “protect” ICU beds and, whenever
possible, make them available for other critically ill pa-
tients. We based our suggestions on the analysis of the
available literature for these purposes, focusing on the
duration of ICU stay and availability of beds as main
indicators.

Epidemiological context

Bronchiolitis is an acute, infectious, usually viral and
very contagious (i.e. basic reproduction number be-
tween 6 and 8)° disease associated with inflammatory
reaction of the small airways and, in the severest cases,
extending to the lung parenchyma. It is usually a sea-
sonal disease with annual or biannual epidemics from
October to April in the northern hemisphere, and this
seasonality is linked to indoor crowding and the opening
of kindergartens, although is less evident in tropical
zones. Environmental factors, such as pollution,
parental smoke and impairment of ciliary function and
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innate immune defences due to low temperatures can
also influence disease severity.® Finally, younger age,
male sex, prematurity, exclusive bottle feeding, failure to
thrive, low socio-economic status, major comorbidities
and immunodeficiencies are known to be risk factors for
more severe disease.” Bronchiolitis especially affects
infants and toddlers under two years of age, with a peak
between two and six months.® Infants often need hos-
pitalisation and approximately 5% of them require ICU
admission for respiratory monitoring and support.” A
relevant proportion (=10%) of ICU patients develops
acute respiratory distress syndrome (ARDS) and survi-
vors have negative outcomes such as long ICU stay,
invasive respiratory support, oxygen supplementation
and high associated costs."” Given the number of infants
with bronchiolitis needing critical care each year, several
countries may suffer from relative ICU bed shortage.
The duration of ICU stay can be variable depending on
local factors, but considering a median of one week,’
and the concentration of cases during the winter sea-
son, the figures clearly show that the cases outweigh the
available ICU beds (Fig. 1). The situation may be worse
in some regions where there is a structural insufficiency
of ICU resources, irrespective of the bronchiolitis
outbreak." Conversely, in low-middle income countries,
where intensive care is unavailable, bronchiolitis caused
by RSV accounts for more than 120,000 deaths/year.®

Pathophysiology and biology
Bronchiolitis can be caused by several viruses,
although RSV is the commonest and is associated

France Germany Italy

UK USA

Spain

Fig. 1: Estimation of burden of care induced by bronchiolitis on ICUs. These should be considered illustrative estimations of the situation
encountered in several high-income countries. Numbers represent the ratio between the annual cases of bronchiolitis needing ICU admission
and the available beds in ICUs (paediatric, neonatal or mixed). Numbers have been obtained using local registries or personal communications
from local colleagues (see acknowledgements). They represent estimations, as during the outbreaks the ICU beds might be temporarily
increased by reducing elective surgical activities or changing the criteria for ICU admission of other patients, or admitting cases to neonatal ICUs
that usually were not accepting infants with bronchiolitis. Abbreviation: ICU: intensive care unit.
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with the most severe cases.” Viruses invade airway
cells causing a local inflammatory response, ciliary
destruction and increased mucus secretion, although
these features seem variable depending on the virus
involved. Parietal inflammation, mucus and cellular
debris reduce the cross-sectional area available for
airflow and, in the worst-case scenario, may produce
bronchiolar plugs and atelectasis. These processes lead
to gas trapping with a typically obstructive respiratory
failure.™

When the infection is severe enough, and the in-
flammatory reaction spreads from the airways to the
lung parenchyma, the aforementioned phenomena may
be associated with various degrees of alveolar injury. In
these cases, from a pathological perspective, bronchio-
litis co-exists with pneumonitis and respiratory failure
has a restrictive or mixed mechanics.”” These cases
present with significant alveolar inflammation and ne-
crosis, as well as surfactant dysfunction' and patients
may qualify for neonatal (NARDS) or paediatric acute
respiratory distress syndrome (PARDS)."*"> Thus, the
first pathophysiological (obstructive) pattern may prog-
ress to the second (restrictive/mixed), and bronchiolitis
can act as a trigger for ARDS.'*"” Most viruses increase
the expression of inflammatory cytokines and reduce
that of anti-inflammatory mediators. This may translate
in surfactant injury which contribute to the restrictive
pattern in more severe cases. Unsurprisingly, RSV-
triggered ARDS presents with a high level of secretory
phospholipase A2 and surfactant damage.'®*°

How to prepare the ICU for the seasonal

outbreak?

The seasonality observed in temperate zones offers the
opportunity to be prepared for the next epidemics, but
the literature lacks suggestions to prepare paediatric or
neonatal ICU for an outbreak of bronchiolitis. The
common ground is that ICU teams taking care of pa-
tients with bronchiolitis should have a solid patho-
physiological background and significant expertise in: 1)
respiratory critical care, and 2) infection control. A
formal management protocol including these issues
should be distributed to the whole team, with adequate
simulations and refresher courses.

Additionally, the following steps should be consid-
ered to help ICU clinicians coping with the outbreak.
They should be prepared to work dynamically during
the stressful conditions created by an epidemic.
Moreover, as patients with bronchiolitis frequently
have obstructive or mixed respiratory failure, their lung
mechanics is quite different from that of the most
common types of neonatal respiratory disorders. Thus,
if these patients are admitted to a neonatal ICU,
additional training may be needed. A correct patient
flow should be planned in collaboration with paediatric
emergency and general paediatrics wards. The flow
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should be based on the local clinicians’ expertise and
protocols specifically designed to recognise the severest
cases using objective criteria for ICU admission and
discharge, while providing serial monitoring for the
other cases. These steps are crucial to avoid wasting
resources, protect ICU beds from incorrect use and
make them available for other children.”’

Then, it is pivotal to reduce the odds of cross-
contamination using adequate hygiene measures,”
since the median transmission risk (i.e. attack rate) of
nosocomial RSV outbreaks is 28.5%,” and its mortality
in paediatric/neonatal ICUs ranges between 8% and
12%.***> The backbone of containment is represented by
patient and staff cohorting accompanied by the use of
personal protective equipment.”® Thus, isolation should
be enforced with extensive use of alcoholic gels or
foams, as well as masks, glasses and gowns to avoid the
contamination of personnel and further spread. As
contagion can happen through patients’ coughing and/
or aerosol transmission, dedicated isolation rooms,
ideally equipped with negative pressure ventilation
should be used. This is particularly important if the ICU
admits infants with high-risk comorbidities (e.g. pre-
maturity, bronchopulmonary dysplasia (BPD), congen-
ital heart defects, neuromuscular diseases, genetic
syndromes, malignancies and congenital or acquired
immunodeficiencies). In some buildings, negative
pressure areas can be created with small technical in-
terventions, even if the room was not originally
conceived for this; ventilators used in these areas should
have high-efficiency filters inserted in the expiratory
limb of their circuit. Devices used in these rooms
should not be shared with patients out of the isolation
area. These rooms should also allow the entrance of at
least one parent, who must be adequately informed
about the isolation procedures. While we recognize that
not all hospital or countries have access to ideal settings
and means, it seems important, considering the avail-
able literature, to highlight the best way to reduce
nosocomial spread. In our experience, the strict appli-
cation of these principles has avoided any nosocomial
cross-contamination during the last seasonal outbreaks
and a recent review confirmed the efficacy of this
strategy.” Palivizumab has been used to control already
established nosocomial outbreaks and to protect the
frailer patients, and therefore might be considered upon
multidisciplinary discussions.” Fig. 2 summarizes the
essential points in preparing an ICU to manage the
seasonal outbreak.

ICU admission and discharge criteria

Criteria for ICU admission and discharge should be
formally circulated within the hospital and approved by
all concerned medical teams. They may vary from one
centre to another, based on local epidemiology, medical
geography and clinical experience. Nonetheless, it
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Prepare the isolation
area and tools, realise
structural changes
(if needed)

)

Prepare a clinical
management protocol
and share with the
other wards
(e.g. paediatrics, ED)

Do specific training
and simulation for both
clinical management
and hygiene

v
Enforce specific ICU
admission/discharge
criteria for optimal
patient flow

\4
Maximise containment
of cross-contamination
risk and keep ICU stay
short as possible

Fig. 2: Flow chart of critical steps to prepare an ICU for the management of a bronchiolitis outbreak. The isolation area and instruments to
be used in it should be prepared beforehand: images A and B show an isolation room (red circle) which is located at the end of an ICU and
equipped with negative pressure ventilation, filter and personal protective equipment (blue square), as well as single door through which
patients are admitted and discharged (red dual arrow) without entering other zones of the ICU (pictures from the “A. Béclére” Hospital, APHP-
Paris Saclay University); image C shows a ventilator equipped with a HEPA filter on the expiratory limb (red arrow). A protocol for clinical
management should then be prepared and shared between the wards concerned. Specific training and simulation should be performed, and this
is particularly important for those neonatal ICUs that are versed only in managing neonates with different types of respiratory failure. Specific
criteria for ICU admission/discharge and continuous communication between wards should be enforced to guarantee an optimised patient flow.
Finally, containment to reduce the risk of cross-contamination should be enforced and ICU stay should be kept as short as possible. Abbre-
viations. ED: emergency department; HEPA: high-efficiency particulate absorption; ICU: intensive care unit.

seems reasonable to admit (and discharge) patients to 1. Hypoxemia defined with one of the following cri-
(and from) the ICU when any of the following condi- terion: A) peripheral haemoglobin saturation (pulse
tions are present or absent, respectively: oximetry, SpO,) <90% or partial pressure of
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0, < 60 mmHg, despite low-flow (<2 L/min) oxygen
supplementation or inspired oxygen fraction (FiO,)
>0.30; or B) supplemental oxygen to maintain SpO,
>88% and oxygenation index ((OI) = mean airway
pressure (Paw) x FiO, x 100/PaO,) <4 or oxygen
saturation index ((OSI)=Paw x FiO, x 100/SpO,) <5
(during non-invasive respiratory support, OI and
OSI should be considered as estimations since Paw
may be subjected to relevant leaks,” these estima-
tions are based on Paw values shown by the venti-
lator while patients are positioned and, if certain
interfaces are used, their mouth is gently closed to
reduce leaks: this is internationally accepted in
neonatal ICUs, thus may be potentially applied to
several bronchiolitis patients'*; other non-Paw based
metrics might also be used), or C) need for respi-
ratory support (i.e. continuous positive airway
pressure (CPAP), non-invasive (NIV) or invasive
ventilation) beside the oxygen supplementation.

2. Clinically relevant dyspnoea based on signs of
increased work of breathing.

3. Apnoea, periodic or superficial breathing.

4. Hypercarbia (i-e. partial pressure of
CO, > 65 mmHg or CO, > 60 with pH < 7.25
measured on arterialised capillary samples).

5. Haemodynamic compromise.

6. Neurological compromise (i.e. reduced alertness,
hypotonia or seizures).

7. Severe dehydration.

Young (<6 months) age and history of prematurity
might be considered as additional criteria.

The first criterion is essentially represented by the
oxygenation thresholds needed to describe a patient as
“at risk of PARDS” according to the current interna-
tional definition.’*® While it has not been clearly
established whether these high-risk patients have
more unfavourable outcomes, bronchiolitis can surely
worsen into ARDS," particularly in younger, frailer or
RSV-positive infants.”® OI can be calculated in a
non-invasive fashion using PaO, measured by trans-
cutaneous devices calibrated according to current
guidelines”® or using blood gas values obtained from
arterialised capillary samples.”” OSI should be calculated
considering the SpO, measured with devices using
motion artifact-removing algorithms.” This criterion
implies that anybody needing non-invasive (CPAP or
any form of NIV) or invasive respiratory support would
receive this in an ICU. In some settings, however, CPAP
is provided out of ICUs and helps sparing ICU admis-
sion,” so these criteria should be interpreted consid-
ering the local policies. The picture might be
complicated by the use of heated humidified high-flow
nasal cannulas (HHHFNC). As HHHFNC provide
inconstant pressure, they could be associated with
increased work of breathing (WOB) compared to
CPAP.*' Despite HHHFENC can rescue some infants
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failing low flow oxygen therapy,” they have a relevant
failure rate, are less efficacious than CPAP, irrespective
of the flow rate,””** and may increase ICU admission
and length of stay.” In fact, reducing HHHFNC use as a
quality improvement project decreased ICU stay in
some hospitals® and they should be reserved for
particular cases, ideally admitted to hospitals where a
dedicated ICU is available in the event of failure or
complications.*’

The second criterion (i.e. the presence of severe
dyspnoea) can be evaluated with several clinical scoring
systems (online Appendix). More complex tools
including oxygenation metrics and other parameters are
also available, but scores are often poorly validated, and
there is no evidence to prefer one score over the others
to predict any outcome.” Nonetheless, it is important to
implement the use of a dyspnoea score and share it
between ICU and other wards to facilitate communica-
tion and serial objective evaluations.

ICU clinical management

The ICU management of critically ill infants with
bronchiolitis should follow the best evidence available,’
but also consider that: 1) most of this evidence has
been produced in out-of-ICU settings, and 2) some in-
terventions, despite lacking robust evidence for the
improvement of relevant clinical outcomes, are safe and
have the pathophysiological potential to shorten ICU
stay. Thus, they may have a public health value and
should be considered once the severest cases are
admitted to an ICU. A suggested protocol for ICU
management is illustrated in Fig. 3.

General management

According to available guidelines, ICU-admitted infants
should routinely receive®: 1) standard vital monitoring,
2) enteral nutrition orally or through a gastric tube,
depending on general clinical condition and feeding
tolerance, 3) intravenous hydration with isotonic
(balanced or not) solution when enteral nutrition is not
possible or in complicated cases (with sodium supple-
mentation being reserved for infants who develop
hyponatraemia), 4) accurate control of fluid balance to
strictly avoid overload as this is associated with longer
ventilation and ICU stay, 4) non-pharmacological seda-
tion (e.g. parental presence, installation, feeding, paci-
fiers with sucrose solutions). Mildly sedative drugs (e.g.
either hydroxyzine, chloral hydrate, midazolam or dex-
medetomidine) might be used when these fail and there
is still evidence of relevant discomfort due to the non-
invasive respiratory support or factors unrelated to
bronchiolitis. These drugs have no strong evidence, and,
thus, it is impossible to provide a generalised advice, but
expert opinion suggest their use when non-
pharmacologic measures fail.” Scoring systems for the
evaluation of comfort and sedation might be helpful to
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Consider pronation
NP/P sedation
NIV-NAVA (PEEP 7-8
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level 1.5, target Edi
5-15 uV)*

Nebulised 3% saline
2-4 mLTID/QID
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neutral balance’

Consider pronation
IV sedation
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2-4 mLTID/QID
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clinical evaluation, Raw)
and Edi level)
Consider
NARDS/PARDS
diagnosis and
treatment

Frequency of assessments (scores, qLUS, BGA (including blood Na*) or TC monitoring, CRP & PCT)

Fig. 3: Suggested protocol for the clinical management of infants with severe bronchiolitis needing ICU admission. Isolation and
cohorting should be enforced during the whole ICU stay. *Multiplex PCR might be performed upon ICU admission (if not performed earlier).
Other tests may be performed upon ICU admission or later depending on clinical severity or if secondary infections are suspected. Standard vital
monitoring (i.e. peripheral haemoglobin saturation, heart and respiratory rate) as well as calculation of a dyspnoea and a comfort score should
also be performed upon admission and serially during the ICU stay. ®Quantitative lung ultrasound and capillary or transcutaneous blood gas
analysis should be done upon ICU admission based on clinical evaluation. *CPAP generator (continuous or variable flow or other) and interface
(nasal masks/prongs, facial mask or helmet) should be chosen depending on team expertise and patient comfort. ‘Enteral and intravenous
hydration should be given using nasogastric tubes and isotonic solutions, respectively. *Ventilatory parameters should be adjusted depending
on chest expansion, blood gases, synchrony and comfort. Colours depict increasing clinical severity. Non-pharmacological sedation is performed
with parental presence, installation, feeding, pacifiers with sucrose solutions; pharmacological sedation in non-invasively supported infants can
be provided with mild sedative drugs (hydroxyzine, midazolam, chloral hydrate or dexmetomidine). The (light blue) arrow illustrates the
frequency of tests and monitoring to be repeated during the ICU stay depending on clinical severity; capillary blood gas analysis allows
measurement of blood sodium and indicates whether its supplementation is needed. HHHFNC are not included in the protocol as there is no
evidence for their use in ICU, they can fail significantly more often compared to CPAP and prolong ICU stay.” More details in the text. Ab-
breviations: BGA: blood gas analysis; CPAP: continuous positive airway pressure; CRP: C-reactive protein; Edi: electronic diaphragmatic activity;
HEPA: high-efficiency particulate absorbing; HHHFNC: heated humidified high flow nasal cannula; ICU: intensive care unit; IV: intravenous;
NARDS: neonatal acute respiratory distress syndrome; NIPPV: non-invasive positive pressure ventilation; NIV-NAVA: non-invasive ventilation
with neurally assisted ventilation adjust; NP: non-pharmacological; P: pharmacological; PARDS: paediatric acute respiratory distress syndrome;
PCR: polymerase chain reaction; PCT: procalcitonin; gLUS: quantitative lung ultrasound; QID: quater in die (i.e. every 6 h); TC: transcutaneous;
TID: tris in die (i.e. every 8 h).

inform this choice. Deeper sedation should obviously be
used in case of invasive ventilation.

this makes things easier during large outbreaks with
increasing patient influx. Nonetheless, the identification
of the responsible infectious agent might be useful in

Laboratory tests and imaging

The diagnosis of bronchiolitis is essentially based on
epidemiology, clinical appearance, and medical history,
so laboratory tests and imaging have a limited role, and

managing the isolation and immunisation schedule: in
fact, if the patient is RSV-positive and is receiving
monthly palivizumab, this can be stopped.” Several
respiratory viruses can now be detected on a single
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sample by multiplex real-time polymerase chain reac-
tion. Nasopharyngeal lavage samples are preferred to
nasal swabs as they are easier to collect and provide
higher recovery rates and accuracy.”

Routine chest-X rays should not be performed, as
they do not provide any clinically meaningful informa-
tion, while exposing infants to radiation; chest-X rays
can, however, be wuseful when complications
(e.g. pneumothorax or other air leaks, pneumonia or
secondary infections) are suspected.” Nonetheless,
point-of-care lung ultrasound is more accurate than
conventional radiology in detecting loss of lung aeration
and pneumothorax, and this has been specifically
confirmed in patients with complicated bronchiolitis.*
Imaging is also needed to diagnose PARDS or
NARDS,'*"* and ultrasound findings have been used to
this end.**** Moreover, a quantitative lung ultrasound
score can be used to guide the respiratory in-
terventions* or predict outcomes.” Last but not least,
point-of-care lung ultrasound can be performed by ICU
physicians using hand-held devices or wireless probes
dedicated to isolated patients and this may reduce the
risk of cross-contamination.*

Respiratory support

Since there is no causal therapy for bronchiolitis, res-
piratory support is the mainstay of clinical management
to buy time and keep patients alive, while the immune
system overcomes the infection. The first level of res-
piratory support is simple oxygen supplementation: this
is often started before ICU admission and most guide-
lines recommend it when SpO, is < 90-92%.° Starting
oxygen supplementation at higher SpO, thresholds is
not associated with better outcomes.” As hypoxaemia
worsens or relevant dyspnoea appears, respiratory sup-
port needs to be escalated.

The application of 7-8 cm H,0 of CPAP is the sec-
ond step and is usually enough to reduce WOB, increase
expiratory time and improve dyspnoea,” so it is sug-
gested as initial respiratory support in the ICU.> CPAP
requires skills, equipments and patient monitoring.
Patients with any risk factor such as prematurity,
congenital heart defects or neuromuscular disorders are
more likely to fail CPAP, which can still succeed in
approximately 90% of cases.” CPAP is associated with a
reduced duration of respiratory support and ICU stay**~*'
and may carry financial and public health benefits, since
ICU admission is the highest driver of increased hos-
pital charges.”” There are no data to prefer one particular
system to generate the pressure. CPAP can be delivered
with helmets, binasal prongs and facial or nasal masks.
Interfaces smaller than total face mask might be asso-
ciated with more leaks and failure,** while helmets have
fewer pressure leaks and provide better comfort.”* Team
experience and patient comfort should ultimately
inform the choice. Conversely, the current knowledge
does not justify the use of HHHFNC instead of CPAP,
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and, in fact, the available evidence-based guidelines state
that there is insufficient evidence to use them in ICU.®
When needed, superficial nasal suction should be seri-
ally performed to guarantee optimal CPAP trans-
mission, but deep suctioning should be avoided.®

When CPAP is not sufficient to relieve dyspnoea and/
or hypoxaemia, the next step is usually represented by
NIV with two pressure levels,” targeting normocarbia and
a relatively low oxygen need (FiO, <0.40). Trans-
cutaneous devices may be useful for close monitoring
and reduction of blood gas analyses.”® NIV should be
synchronised whenever feasible, although this is not
possible with several neonatal ventilators. When ventila-
tion is not efficacious because of dyssynchrony or patient
discomfort, NIV with neurally adjusted ventilatory assist
(NAVA) may be an useful option as it increases comfort
and ventilatory efficiency.” NAVA should target a peak
electrical diaphragmatic activity between 5 and 15 pV,*
and, in our experience, has helped to spare intubation
in critically ill infants.

Invasive ventilation should be the last resort, when
NIV is unable to guarantee normal gas exchange or
complications (e.g. air leaks, pneumonitis, ARDS) arise.
Non-invasive respiratory support is more likely to fail in
patients qualifying for ARDS diagnosis when another
organ failure is evident.”” There are no specific data to
suggest one particular ventilatory mode in patients who
need intubation, and general guidelines for paediatric
mechanical ventilation should be followed.**

Ancillary therapies

Some ancillary ICU interventions for patients with bron-
chiolitis have an interesting pathophysiological back-
ground but lack strong evidence in favour or against their
use:

- Nebulised ff2-agonist and epinephrine. These drugs do
not change clinical outcomes, in populations affected
by bronchiolitis as a whole, because bronchiolitic
wheeze is mainly caused by mucous obstruction and
oedema, rather than bronchospasm.* Thus, their use
is not indicated outside of the ICU.® However, it is
now well recognised that multiple phenotypes exist
with heterogeneous clinical presentation and patho-
biology, which impact on airway reactivity and
responsiveness to these drugs.® Therefore, we need
to acknowledge this complexity and seek a more
phenotype-specific strategy. A relevant airway muscular
constriction seems more frequent: a) when rhinovi-
ruses are the aetiologic agents, particularly outside
the classic outbreak season, b) in infants aged more
than 6 months and in those with asthma or an atopic
family history or a tendency to exaggerated Th2
response, ¢) in patients clinically presenting with
wheezing and dyspnoea rather than hypoxaemia as
the predominant sign. In these patients, these drugs
can facilitate ventilation during an acute phase of
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their disease. In our experience, it may be useful to
perform a short trial with an objective, before-and-
after efficacy evaluation, in critical situations, for
instance when intubation is pending.® This attempt
should be based on dyspnoea scores and electrical
diaphragmatic activity, or airway resistance mea-
surements in non-invasively or invasively ventilated
infants, respectively. Prompt recognition of side ef-
fects is possible in ICUs and makes these drugs
relatively safe.

Nebulised hypertonic saline. This may decrease epithe-
lial oedema, improve mucociliary clearance and
reduce airway plugging, causing bronchiolar obstruc-
tion: one ICU study is available and found a decreased
duration of ventilation in treated infants.’ It is unclear
what concentration should be used, although 3%
seems the commonest solution.” Hypertonic saline
has a well-established safety and might be considered
in severe cases with large amounts of secretions.
Pronation. This is an effective and inexpensive
intervention, strongly recommended for ARDS in
adults.”’ Few paediatric data are available, but pro-
nation seems to improve oxygenation in paediatric
lung injury too.”” A randomised cross-over trial
demonstrated decreased WOB and improved venti-
latory efficiency in non-invasively ventilated infants
with bronchiolitis.®> Pronation also safely improves
gas exchange in neonates with NARDS and, inter-
estingly, in infants with evolving BPD, whose lung
mechanics may be similar to that of bronchiolitis.*
Pronation is easier to apply in infants compared to
adults and its risk/benefit ratio suggests that it
should be tried in the severest cases.

Surfactant. Surfactant might shorten ventilation and
ICU stay according to a Cochrane meta-analysis of
trials recruiting patients severe enough to be intu-
bated.® This seems supported by data demonstrating
surfactant injury in these cases.”” Nonetheless, this is
likely to apply only when bronchiolitis evolved into

ARDS.* Moreover, there are uncertainties about the
dose, timing and technique of administration which
warrant further research.*

Finally, the rheological properties of Heliox might
help to ameliorate WOB, but its cost and lack of effect
in terms of duration of ventilation and ICU stay’
contraindicate its use. Other interventions (e.g. anti-
leukotrienes,  deoxyribonuclease,  methylxanthines,
nitric oxide, magnesium sulphate, physiotherapy, riba-
virin and other antivirals, corticosteroids and other anti-
inflammatory drugs) do not have a clear pathobiological
background, have not been studied in ICU, lack possible
short-term benefits, or may have significant side effects
and shall not be used.

Cost-effectiveness
These suggestions are based on current knowledge of
the pathophysiology and biology of bronchiolitis, as well
as of safety, since the proposed approach consists of
ICU interventions well known for their safety and suit-
ability. However, most ICU therapies are also likely to
result in potential public health benefits. In fact, the
need for ICU admission (which usually equals the need
for respiratory support) is the main determinant of
hospital charges,’? and the number of patients admitted
to the ICU (and particularly those receiving non-invasive
respiratory support) has significantly increased in recent
years.” Therefore, if an intervention can shorten respi-
ratory support, it may entail a reduced use of ICU re-
sources. This can: 1) increase ICU bed availability for
patients needing them for bronchiolitis or other rea-
sons, 2) reduce inter-hospital transfers with further
consequences for the cost of care, 3) reduce the number
of lost workdays and other negative effects on families.
Available data show that the ICU management of
bronchiolitis, despite being expensive in absolute terms,
consists of interventions that are likely to be cost-
effective.**"%57* Data are summarised in Table 1: this is

Intervention/[reference] Country Outcome Cost-effectiveness® proven in:
Hospital setting ICU setting
Treatment of bronchiolitis
CPAP/#95174 Netherlands, France, Colombia ICU length of stay and duration of respiratory support, QALY no yes
Selective use of nebulised B2-agonists/”® Colombia Hospital and ICU admission and length of stay yes yes
Hypertonic saline/”*”* Many countries” Hospital admission or length of stay, QALY yes no
Pronation n.a. n.a. na. na.
Surfactant n.a. n.a. n.a. n.a.
Prevention of nosocomial outbreaks
Containment/®® USA Incidence density yes yes
Palivizumab/®° UAE Duration of O, therapy yes no

Abbreviations: CPAP: continuous positive airway pressure; n.a. not available; ICU: intensive care unit; QALY: quality-adjusted life year; UAE: United Arab Emirates; UK: United Kingdom; USA: United States
of America. *Cost-effectiveness was proven as dominant scenario versus comparators (i.e. the intervention results in better health effects and cost savings) in the hospital or specifically in the ICU setting;
when the cost-effectiveness was proven in the hospital setting (e.g.: reduced hospital admission or length of stay), the cost of ICU admission was also considered and had a relevant weight in the

outcome.”” More details in the text. "Data extracted from systematic reviews and/or meta-analyses.

Table 1: Cost-effectiveness of interventions to treat or prevent bronchiolitis that may be used in the ICU.
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Search strategy and selection criteria

References for this review were identified through searches
of PubMed with the following words and/or MeSH terms:
“bronchiolitis”, “intensive care unit (ICU)", “critical care”,
“respiratory support”, “respiratory syncytial virus (RSV)”,
and “infant”. No year or language limitations were applied.
Articles were also identified through searches of the
authors’ own files, references cited in the retrieved articles
and contacting colleagues cited in the acknowledgements.
The final reference list was generated on the basis of
originality and relevance to the broad scope of this review.

not a formal cost-effectiveness analysis, since it is
difficult to precisely assess some of these effects (e.g. the
cost of inter-hospital transfer or the effects on families,
which may vary according to several factors) and studies
have different designs and outcomes. Also, cost-
effectiveness was not always proven specifically for the
ICU, but rather for the hospital care in general; how-
ever, when the cost-effectiveness of a given intervention
was proven in terms of reduced hospital admission or
length of stay, the cost of ICU care was also considered
and had a relevant weight in the outcome.*

It is generally clear that the proposed interventions
may carry relevant benefits in terms of public health. In
fact, CPAP may shorten respiratory support and ICU
stay, while other therapies (i.e. nebulised p2-agonists and
hypertonic saline) may have an indirect but positive cost-
effectiveness evaluation. Pronation is a totally inexpensive
intervention and surfactant is a high-priced drug, but it
would be used in just a few very critically ill infants
needing invasive ventilation and is not likely to signifi-
cantly impact the general ICU budget”” Finally,
containment measures are cost-effective in decreasing
the spread of nosocomial RSV outbreaks within the ICU.

Outstanding questions

We have comprehensively reviewed the ICU manage-
ment of severe bronchiolitis in an era of relative
shortage of ICU resources and lack of ICU-specific ev-
idence-based data. With a multidisciplinary approach,
we have highlighted the important points in preparing
the ICU and its personnel for seasonal outbreaks. We
provide suggestions for a clinical protocol that optimises
ICU care, avoids nosocomial cross-contamination,
“protects” ICU beds and makes them available for
other patients, whenever possible. Dedicated studies are
needed to clarify the still outstanding questions about
several uncertainties and to further refine ICU respira-
tory care and pharmacological therapy of patients.
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