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ABSTRACT
Aim: Bronchiolitis is a leading cause of respiratory distress and hospital admissions in infants. While high-flow nasal cannula 
is effective for patients unresponsive to standard oxygen therapy, evidence regarding continuous positive airway pressure and 
noninvasive ventilation in the wards remains inconclusive. This review explores the feasibility and criteria for initiation, titra-
tion, and monitoring of high-flow nasal cannula, continuous positive airway pressure, and noninvasive ventilation in infants 
with bronchiolitis in paediatric wards.
Methods: Narrative review of studies from PubMed and the Cochrane Library (2000–2024), focusing on high-flow nasal can-
nula, continuous positive airway pressure, and noninvasive ventilation in bronchiolitis, particularly in paediatric wards.
Results: High-flow nasal cannula is widely used in paediatric wards as a safe and effective option for bronchiolitis. Evidence for 
continuous positive airway pressure and noninvasive ventilation outside intensive care is limited but suggests potential to reduce 
escalation in selected cases.
Conclusion: Continuous positive airway pressure and noninvasive ventilation in paediatric wards appear to carry limited safety 
concerns. While not proven superior to high-flow nasal cannula or standardised in their use, when applied selectively with 
trained staff and close monitoring, they may serve as rescue therapies. Better understanding of current evidence may support 
standardisation and improve resource allocation.

1   |   Aim

Acute bronchiolitis, a lower respiratory tract infection affecting 
infants under 12 months, presents with a wide clinical spectrum 
ranging from mild respiratory symptoms to severe respiratory 
distress [1]. Bronchiolitis constitutes a substantial health burden 

for infants, accounting for up to 20% of total hospitalisations in 
this age group, of which 5%–6% require paediatric intensive care 
unit (PICU) admission [2, 3]. Cornerstones of treatment are nu-
tritional and respiratory support, the latter being administered 
mainly as low-flow, standard oxygen therapy (SOT) [4, 5]. High-
flow nasal cannula (HFNC) has now established itself as an 
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Abbreviations: Bpm, beats per minute; BROSJOD, Bronchiolitis Score of Sant Joan de Déu; CBS, COMFORT Behavioural Scale; CPAP, continuous positive airway 
pressure; EDIN, Echelle de douleur et d'Inconfort du Nouveau né; EPAP, expiratory positive airway pressure; EU, European Union; FiO2, fraction of inspired oxygen; 
H-CPAP, helmet-CPAP; HFNC, high-flow nasal cannula; HR, heart rate; IMV, invasive mechanical ventilation; IPAP, inspiratory positive airway pressure; LOS, 
hospital length of stay; M-WCAS, Modified Wood Clinical Asthma Score; NIV, noninvasive ventilation; NR, not reported; PCO2, pressure of carbon dioxide; PEEP, 
positive end-expiratory pressure; PHDU, Paediatric High Dependency Units; PICU, paediatric intensive care unit; PIP, positive inspiratory pressure; RCTs, randomised 
controlled trials; ROX, Respiratory rate–OXygenation index; RR, respiratory rate; SOT, standard oxygen therapy; SpO2, peripheral oxygen saturation; WOB, work of 
breathing.
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effective rescue therapy for infants unresponsive to SOT [6, 7]. 
Infants deteriorating despite HFNC are generally managed in 
PICUs, mainly with continuous positive airway pressure (CPAP) 
or non-invasive ventilation (NIV) [8]. Despite recent advance-
ments, PICU admission for bronchiolitis has surged by up to 
130% without corresponding changes in markers of disease se-
verity such as hospitalisation rates, hospital length of stay (LOS), 
or mortality [2, 9]. This growing intensity of care has been 
mainly driven by a 5.8-fold rise in NIV usage, raising concerns 
about a potential inappropriate use of PICU resources rather 
than increased disease severity [9, 10]. The widespread use of 
NIV and CPAP for bronchiolitis in the PICUs suggests that these 
supports may also hold promise for treating selected patients on 
general paediatric wards. At present, only a handful of studies 
have described the use of these respiratory supports for bron-
chiolitis outside the PICU, suggesting the possible benefits of 
their early utilisation in the paediatric wards [11–14]. Provided 
safety is ensured, the adoption of CPAP and NIV in paediatric 
wards could ideally reduce nonessential PICU admissions and 
prevent unintended morbidity linked to intensive care settings. 
However, initiating such supports outside PICUs entails signif-
icant challenges, including the severity of patients' condition 
with greater potential for deterioration, the need for appropriate 
monitoring, and adequately trained and numbered staff.

This review explores the current evidence on HFNC, CPAP, and 
NIV for acute bronchiolitis, focusing on the Paediatric wards. 
We propose practical criteria for initiation, titration, and moni-
toring based on the available literature to optimise care and re-
source use.

2   |   Methods

Electronic databases, namely PubMed (MEDLINE) and the 
Cochrane Collaboration Library, were searched on December 
5th, 2024, for relevant studies. The search was conducted by 
combining the following search terms: “bronchiolitis” AND 
“HFNC” OR “high-flow nasal cannula” OR “CPAP” OR “contin-
uous positive airway pressure” OR “BIPAP” OR “bilevel positive 
airway pressure” OR “NIV” OR “noninvasive ventilation” AND 
(“paediatric” OR “infants” OR “children”). We then performed 
a sub-analysis of the selected articles to specifically identify 

studies reporting on the use of CPAP and NIV in paediatric 
ward settings or analysing starting settings, monitoring and 
weaning strategies combining the previous research with the 
following: AND (“paediatric ward” OR “wards” OR “inpatient 
care”) AND/OR (“monitoring” OR “titration”). We considered 
randomised controlled trials (RCTs) and observational studies 
comparing different respiratory support strategies among in-
fants admitted for acute bronchiolitis. Inclusion was restricted 
to English-language papers published from January 1st, 2000, 
to December 5th, 2024. References from included studies were 
screened to identify additional relevant publications not cap-
tured in the initial database search.

3   |   Results

3.1   |   Eligibility Criteria

Studies suggest that HFNC is best suited as a rescue therapy 
for SOT failure rather than as a first-line alternative [6, 7]. 
Unfortunately, there is little consensus on how to define SOT 
failure, and consequently, to trigger respiratory support escala-
tion, with significant variability in clinical signs, cardiorespira-
tory parameters, and severity scores used to assess bronchiolitis 
(Table 1) [6, 7, 20–27]. Routine use of severity scores may serve 
to rapidly alert medical staff about a patient's deterioration and 
guide a more standardised approach to respiratory support titra-
tion and weaning [28, 29].

Real-world data highlight the subjectivity of HFNC manage-
ment, with only 37% of clinicians relying on protocols for HFNC 
inception according to a recent US survey [30, 31]. However, 
there is increasing evidence that supports a protocol-driven ap-
proach to HFNC [15, 32]. Treasure et al. demonstrated reduced 
overuse (41%–22%) and shorter hospital stays (60–45 h) when 
protocols for HFNC initiation were adopted [32]. Similarly, an-
other study showed lower HFNC duration after the introduction 
of guidance that imposes initiating HFNC at higher flow rates 
and regulates weaning [15].

Despite varying approaches, standardised criteria to define SOT 
failure may help to precisely define eligibility for HFNC.

CPAP and NIV are widely used in PICUs for bronchiolitis, 
with only a small percentage of patients requiring IMV [8, 18]. 
However, evidence documenting the use of such supports in 
Paediatric wards mainly consists of small observational studies, 
and still no shared criteria exist to define eligibility for CPAP or 
NIV in bronchiolitis (Table 1), or whether these supports can be 
undertaken outside PICUs.

Overall, CPAP and NIV are mostly conceived as rescue respira-
tory support for HFNC failure. Accordingly, criteria for HFNC 
failure may help guide CPAP inception.

Significant variations in initiation criteria for respiratory sup-
port have been reported in the absence of dedicated protocols 
[17]. These and other findings suggest that the criteria to initiate 
CPAP or NIV in the wards vary widely between studies [11–13, 
16, 19]. Although there is no clear clinical score to guide deci-
sions for respiratory support in bronchiolitis, worsening heart 

Summary

•	 Bronchiolitis can cause severe respiratory distress, 
warranting evaluation of the feasibility of non-
invasive respiratory support outside the paediatric in-
tensive care unit (PICU).

•	 While high-flow nasal cannula (HFNC) is effectively 
used in the wards for bronchiolitis unresponsive to 
low-flow oxygen, continuous positive airway pressure 
(CPAP) and noninvasive ventilation (NIV) may repre-
sent feasible and appealing alternatives in the same 
setting.

•	 Expanding CPAP and NIV use to the wards may 
reduce PICU admissions and optimise resource 
allocation.
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rate (HR), respiratory rate (RR), fraction of inspired oxygen 
(FiO2) requirements, or work of breathing (WOB), together with 
blood gas analysis or transcutaneous partial pressure of car-
bon dioxide (pCO2) should inform treatment step-up [28, 33]. 
Recently, emerging approaches based on SpO2/FiO2 as a proxy 
for PaO2/FiO2 as ROX (Respiratory rate–OXygenation) index 
[(SpO2/FiO2)/RR] have been proposed to monitor respiratory 
support in bronchiolitis, but current data on the heuristic value 
of this formula are conflicting [34, 35].

3.2   |   Patient Outcomes and Safety

Several RCTs have examined the use of HFNC for bronchiolitis 
in Paediatric wards, suggesting that this support should be used 
as a rescue therapy where SOT fails. Conversely, HFNC holds no 
significant advantages over SOT when used as first-line support 
[6, 7, 20, 36].

A recent meta-analysis shows that CPAP and NIV were superior 
to HFNC in avoiding IMV for bronchiolitis even if conclusive 
evidence is still lacking [37, 38].

Most RCTs examining CPAP for bronchiolitis have been 
conducted in PICUs with only one RCT comparing the two 
methods in a paediatric ward [16, 24, 39–42]. Although some 
of these trials suggest that CPAP may be superior to HFNC, 
the evidence is not conclusive [16, 24, 38–40]. Only a handful 
of studies have examined the effectiveness, tolerability, and 
safety of CPAP and NIV when implemented in general pae-
diatric wards (Table 2), with promising results. For example, 
in the study from Oymar et  al. 7.9% of the infants required 
CPAP, with an extremely low IMV rate (0.4%), and 62% were 
successfully treated with CPAP in the ward without PICU re-
ferral [12]. Similarly, Aguera et  al. reported that 56% of in-
fants treated with CPAP did not require PICU transfer [11]. 
Patients responding favourably to CPAP displayed lower HR 
and RR at the beginning of CPAP and, remarkably, lower HR, 
RR, Bronchiolitis Score of Sant Joan de Déu (BROSJOD) score, 
and FiO2 60 min from initiation compared to non-responders 
[11, 23]. Moreover, a pre/post comparison showed reduced 
PICU admissions after the introduction of CPAP without 
changes in IMV rates [11]. Along the same lines, Musolino 
et  al. safely implemented CPAP in moderate-to-severe bron-
chiolitis, avoiding PICU admission in 85% of cases with rele-
vant cost reduction [19]. Interestingly, data on CPAP and NIV 
from resource-limited countries (RLCs) align with findings 
from the European Union (EU). However, the use of CPAP 
in RLCs appears to be strictly context-dependent, requiring 
dedicated areas and adequate staff resources [43–45].

Overall, the implementation of CPAP in paediatric wards ap-
pears to be associated with favourable outcomes, provided 
adequate staffing is available and close monitoring is ensured 
[11, 12]. Conversely, the risk of procrastinating on the use of 
IMV in severe cases remains a relevant issue. When using CPAP 
in the ward, the availability of a prompt referral to the PICU 
should be mandatory.

Much less is known about using NIV for bronchiolitis out-
side PICUs. While NIV equipment may be readily available, A
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challenges may include selecting the appropriate ventilator 
and interface, together with managing leaks. However, NIV 
represents a further escalation of care in the event of CPAP 
failure, particularly in patients with high pCO2. In these in-
stances, strict observation of the patient should be manda-
tory if exacerbated symptoms require prompt admission to 
the PICU.

3.3   |   Resource Utilisation

CPAP and NIV are increasingly used in PICUs for infants with 
bronchiolitis, with only a small percentage of patients requir-
ing IMV [8, 18]. Notably, a remarkable increase in CPAP and 
NIV use for bronchiolitis in US PICUs between 2010 and 2019 
(1.2%–9.5%) has been documented, with similar trends noted in 
Europe [8, 18]. These respiratory supports are traditionally be-
lieved to be best resolved in the PICU, mostly due to staff exper-
tise, higher personnel-to-patient ratio, and availability of IMV. 
However, CPAP and NIV use is expanding beyond PICUs. A re-
cent European survey reported a use of NIV in Paediatric wards, 
emergency departments, and intra-hospital transport of 15.5%, 
20%, and 36.4%, respectively [8]. Studies suggest that CPAP and 
NIV may be effectively used for treating bronchiolitis in these 
settings, given proper training is ensured [11–14]. In the UK, 
57% of the Paediatric wards surveyed stated they were capable 
of providing CPAP support [46].

However, hospitals may have either Paediatric High 
Dependency Units (PHDUs) or PHDU beds in standard units 
dedicated to children requiring enhanced monitoring and in-
terventions [47]. According to Turnham et al. CPAP was more 
likely to be administered in PHDU or PICU as compared to 
the paediatric ward in tertiary-care centres (16%), while it 
was more frequently used in the wards of general hospitals 
(56.9%) [17].

Given the widespread use of HFNC in the wards and studies 
showing comparable safety for HFNC and CPAP, using CPAP 
and maybe even NIV outside PICUs could be worth consider-
ation [24, 41]. Portable ventilators may enable the use of CPAP 
and NIV in the wards, offering enhanced respiratory support 
compatible with ward resources. Moreover, this approach could 
already be standard of care in some centres, as reported by re-
cent UK data where HFNC and CPAP usage in the wards for 
bronchiolitis ranged between 0%–40% and 0%–24%, respectively 
[46]. A parallel survey reported the use of HFNC and CPAP in 
general wards as high as 91% and 58%, respectively, out of 76 
hospitals involved, whereas PHDUs' capability for HFNC and 
CPAP was 100% and 89%, respectively [46].

Observational studies confirm the feasibility of ward-based 
CPAP. Aguera et al. introduced CPAP as a rescue therapy for 
HFNC failure in a paediatric ward with a nurse–patient ratio 
of 1:6, with results similar to those from Oymar et al. where 
the ratio was 1:2 [11, 12]. In both cases, CPAP was used in 
the ward of tertiary centres where PICU transfer was readily 
available, as in the sample described by Musolino et  al. [19] 
Conversely, Arico et al. safely deployed CPAP in a secondary 
level paediatric ward relying on specific training and periodic 
refresher sessions with nurse–patient ratios adjusted flexibly A
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(1:6 to 1:4) based on patient needs [13]. Furthermore, the doc-
tor–patient ratio may also play a role in defining the feasibility 
of safely using CPAP in paediatric wards. However, this aspect 
was specified only in the paper from Oymar et al. where the 
ratio was 3:11 during days and 2:11 during nights and week-
ends [12].

Effective CPAP and NIV implementation in the wards calls for 
formal staff training. Rosala-Hallas et  al. stressed the impor-
tance of regular in-house training coupled with ad hoc training 
sessions and high-dependency courses [46]. Similarly, most of 
the abovementioned studies provided specific training for staff 
members involved, providing clear criteria for both CPAP incep-
tion and PICU referral [12, 19].

While some pre-existing skills in managing CPAP/NIV de-
vices may serve as a foundation, they cannot replace a for-
mal training programme, provided that adequate staffing 
resources and dedicated areas with enhanced monitoring are 
ensured.

3.4   |   Cost Analysis

Over the past two decades, hospitalisations for bronchiolitis in 
the US have decreased substantially [2, 3]. However, this decline 
is matched by a 5.8-fold rise in use of NIV, traditionally deployed 
in PICUs and translating into higher costs [9, 48, 49].

For instance, in the US, the median cost of a single bronchiol-
itis hospitalisation rose from $5636 in 2010 to $6973 in 2019, 
mainly attributed to increased PICU admission (12.4%–26.9%) 
[48]. Despite lower admission rates, total costs for bronchi-
olitis hospitalizations in the US surged from $ 449 to $ 734 
million between 2003 and 2016 [3]. PICU care is significantly 
more expensive than ward-based treatment for bronchiolitis, 
with estimated costs up to 4 times higher [50]. HFNC, on the 
other hand, if used as rescue for SOT failure, is a cost-effective 
respiratory support to be safely carried out in the ward, re-
ducing PICU admissions [51]. Conversely, an “HFNC for all” 
initial approach to respiratory failure in bronchiolitis is un-
likely to be cost-saving when compared to a “rescue” approach 
[6, 52]. On the other hand, data about the direct impact on 
hospital costs of a ward-based adoption of CPAP and NIV for 
bronchiolitis are lacking.

Currently, initiating these latter supports mostly coincides with 
the admission to the PICU, which calls for higher costs [48, 49]. 
The existing studies describing the use of CPAP and NIV outside 
PICUs often lack cost analyses or are not sufficiently powered 
to document any relevant differences in the hospital LOS after 
CPAP or NIV introduction [11–14, 16]. However, the only avail-
able data are rather encouraging, showing a median reduction 
in the costs per patient of EUR 6687 after the deployment of 
CPAP in the ward [19].

Well-equipped and adequately staffed areas in the wards may 
offset some PICU admissions, but could introduce costs exceed-
ing those for the average ward beds. However, reducing PICU 
admissions may help reserve PICU beds for only the most severe 
cases, and providing a gradual step-up approach to respiratory 

support could optimise resource allocation and impact the cost 
of consumables.

4   |   Starting Settings, Monitoring, and Weaning

Clear initial settings for HFNC in bronchiolitis remain un-
defined despite limited variations among the existing studies 
(Table  3). Still, several papers suggest that specific criteria for 
HFNC management are highly subjective and that a protocol-
based approach to this support could result in shorter LOS 
[30, 31].

The current literature supports starting HFNC with an initial 
maximal flow of 2 L/kg/min, titrating FiO2 up to 50% to obtain 
SpO2 between 92%–97%. Gas temperature should be set between 
34°C and 37°C to guarantee proper humidification [53]. Figure 1 
summarises the HFNC settings and compares these to those for 
CPAP and NIV. Response to HFNC should be ascertained clini-
cally within 60–90 min of initiation, including improvement in 
respiratory distress, FiO2, HR, and RR. Weaning should be grad-
ual, prioritising FiO2 reduction to room air followed by abrupt 
suspension of airflow [53].

Guidelines for CPAP and NIV starting settings, monitoring, and 
weaning in bronchiolitis are also lacking (Table  3) with these 
supports mostly conceived as rescue for patients unresponsive to 
HFNC. Thus, criteria for HFNC failure as persistent respiratory 
distress and unsatisfactory SpO2, may guide CPAP inception, 
as noted previously (Table 1). Interestingly, Rosala-Hallas et al. 
pointed out that there is limited variability among paediatric 
hospitalists in criteria for initiation and weaning of CPAP and 
NIV for bronchiolitis, even in the absence of stated guidelines 
[46]. Similarly, starting settings appear to be relatively consis-
tent throughout both scientific literature and clinical practice 
(Table 3).

Starting CPAP at 7 cmH2O is widely accepted in patients with 
bronchiolitis with respiratory failure, regardless of weight and 
age [54]. This pressure results in the greatest relief of the respira-
tory muscles and improvement of WOB, while higher pressures 
(up to 10 cmH2O) appear to be less effective, probably because 
of the greater effort to overcome the gastric distension [54]. NIV 
is most appropriate for patients with type 2 respiratory failure 
(hypercapnic) with initial inspiratory positive airway pressure 
(IPAP) and expiratory positive airway pressure (EPAP) of 8–10 
cmH2O and 5–7 cmH2O, respectively [55]. These can be in-
creased up to IPAP of 12–15 cmH2O and EPAP of 8–10 cmH2O, 
as tolerated and needed [55]. Figures 1 and 2 depict illustrations 
of what may be reasonable guidelines for the safe use of HFNC, 
CPAP, and NIV in a paediatric ward.

Monitoring in the initial hours from inception is pivotal for 
CPAP and NIV success. Clinical evaluation is critical, while 
pCO2 measures (either with arterial and capillary blood gases 
or through noninvasive transcutaneous pCO2) may play a role. 
A pH < 7.25–7.30 and a pCO2 > 55–60 mmHg seem to represent 
valuable predictors for an escalation of care [55].

Weaning practices have been poorly investigated except for new-
borns [56]. A recent PICU-based multicentre study found sudden 
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weaning as the preferred approach, regardless of the type of re-
spiratory support used [57]. This approach might significantly 
reduce the hospital LOS, but only if this does not lead to an in-
creased weaning failure rate. Weaning was mostly guided by 
clinical parameters as respiratory distress and FiO2, with only 
a low proportion of survey respondents (10%) using severity 
scores [57]. Further, an international consensus emphasised the 
importance of tailored and clinically guided weaning protocols. 
Key factors to be taken into consideration include improved RR, 
respiratory distress, and FiO2 requirements [58]. Protocolised 
weaning may enhance outcomes by reducing variability among 
providers [58].

Despite the lack of methodologically rigorous, well-powered 
studies, the overall approach to starting and weaning NIV in the 
PICU shows broad consistency, highlighting the need for stan-
dardised protocols [42, 46, 57]. Trials should focus on unifying 
the existing approaches to CPAP and NIV initiation and wean-
ing, fostering more evidence-based care.

Assessment of interface tolerance is particularly critical 
during the initial hours of non-invasive support. Most of the 
studies included in our review address agitation using non-
pharmacological strategies (such as pacifier use or sucrose 
administration) with generally positive outcomes. In selected 
cases, pharmacological sedation (e.g., single-dose levome-
promazine or a 10-min bolus of dexmedetomidine at 0.25 mcg/
kg) may be considered [11, 19, 59]. Sedation strategies have 
been more extensively studied in PICU settings; however, a 
detailed analysis of sedation protocols lies beyond the scope 
of this review.

4.1   |   Future Directions

While the use of CPAP or NIV in Paediatric wards seems to be 
feasible, more needs to be done to better define its role in bron-
chiolitis. Shared protocols to standardise HFNC use may help to 
better define guidelines for NIV initiation, titration, and monitor-
ing. Moreover, the choice of clinically relevant outcomes, as those 
specific for bronchiolitis described by Rosala-Hallas et al. should 
not be overlooked as it can provide a foundation for conducting 
future trials [60]. Future research should prioritise reducing PICU 
admissions, IMV need, and hospital LOS, since these benchmarks 
may better represent the effectiveness of respiratory interventions 
and favourably impact healthcare costs. Once the effectiveness of 
NIV in infants with bronchiolitis is better clarified, additional data 
are needed to support the wide use of such respiratory devices in 
paediatric general units. Table 4 briefly summarises the issues that 
need to be addressed for the field of respiratory support in infants 
with bronchiolitis to advance.

5   |   Conclusions

The use of CPAP and NIV in Paediatric wards for infants with 
bronchiolitis seems to carry limited safety concerns accord-
ing to the scarce existing literature. However, there is still no 
definitive evidence favouring CPAP over HFNC, nor is there 
conclusive guidance on the initiation, titration, monitoring, 
and weaning of respiratory support, regardless of the care set-
ting. Therefore, methodologically rigorous multicentre RCTs 
are needed to further clarify the role of CPAP and NIV in bron-
chiolitis. Such studies can contribute to establishing unified 

FIGURE 1    |    Initial settings for respiratory support in the paediatric wards. CPAP, Continuous positive airway pressure; EPAP, Expiratory positive 
airway pressure; FiO2, Fraction of inspired oxygen; HFNC, High-flow nasal cannula; IPAP, Inspiratory positive airway pressure; NIV, Non-invasive 
ventilation; PEEP, Positive end-expiratory pressure; SpO2, Peripheral oxygen saturation.
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protocols for respiratory support in infants across diverse 
paediatric settings. In the meantime, the studies reviewed 
suggest that CPAP and NIV can be considered as respiratory 

rescue supports for patients who do not respond to HFNC, po-
tentially reducing respiratory distress. Adequately skilled and 
trained personnel together with highly monitored areas and 

FIGURE 2    |    Flow chart proposal for the safe use of HFNC, CPAP, and NIV in a paediatric ward. CPAP, Continuous positive airway pressure; 
FiO2, Fraction of inspired oxygen; HFNC, High-flow nasal cannula; MOF, Multi-organ failure; NIV, Non-invasive ventilation; SOT, Standard oxygen 
therapy; SpO2, Peripheral oxygen saturation. Solid arrows indicate the forward progression of the flowchart, while dashed arrows represent a return 
to previous steps in the absence of clinical improvement.



18 of 20 Acta Paediatrica, 2025

the possibility of quick PICU referral should be mandatory re-
quirements to fully endorse a medically sound use of NIV for 
bronchiolitis in general Paediatric wards.
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