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of bronchiolitis-associated PICU admissions is limited, but imperative for future PICU resource and capacity plan-
ning.
Materials and methods: We retrospectively studied trends in PICU admissions for bronchiolitis in six European
Purpose:Viral bronchiolitis is amajor cause of pediatric intensive care unit (PICU) admission. Insight in the trends

sites, including three full national registries, between 2000 and 2019 and calculated population-based estimates
per 100,000 children where appropriate. Information concerning risk factors for severe disease and use of inva-
sive mechanical ventilation was also collected when available.
Results: In total, there were 15,606 PICU admissions for bronchiolitis. We observed an increase in the annual
number, rate and estimates per 100,000 children of PICU admissions for bronchiolitis at all sites over the last
two decades, while the proportion of patients at high risk for severe disease remained relatively stable.
Conclusions: The international increased burden of bronchiolitis for the PICU is concerning, and warrants further
international attention and investigation.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Background

Bronchiolitis, a common clinical entity of acute viral-induced lower
respiratory tract disease in children below two years of age [1], poses
one of the most important, current threats to global child health. In re-
cent years, international efforts and WHO-commissioned global
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surveillance programs have established the overall burden of bron-
chiolitis, in particular caused by respiratory syncytial virus (RSV), re-
vealing a steady position as a leading cause of hospitalization in young
children for low, middle and high-income countries [2,3]. Although
bronchiolitis-associated mortality has been reduced to a minimum in
high-income countries with access to critical care facilities, seasonal
viral outbreaks put high pressure on pediatric intensive care units
(PICUs). Importantly, recent studies from the US and Australia/New
Zealand show an increase in the yearly number of PICU admissions for
bronchiolitis during the last two decades [4,5]. Insight in trends of
bronchiolitis-associated PICU admissions is imperative in light of
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 2. Trends in patient characteristics (age, comorbidity and preterm birth) among the
children admitted to the PICU for bronchiolitis (2000–2019).
Trends in time for thepercentages (%) of young age, comorbidity and pretermbirth among
the admitted children to a PICU for bronchiolitis. For each variable, we summed the data
for the sites having data available for that specific variable for that specific year. If no
data was available for the variable for interest for a site or specific year, data provided
by that site was excluded for that year (as such, used denominators vary between
years). Data on the number of children younger than six months were shared by FR, NL,
SCT, BR, IT. Data on comorbidity, premature birth and IMV were shared by FR, NL, BR, IT.
Comorbidity is considered the presence of congenital heart disease, cystic fibrosis,
bronchopulmonary disease or trisomy 21. Specific trends per site are presented in
Supplemental Fig. 1.
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promising RSV vaccination programs [6], aswell as future PICU resource
and capacity planning. To this aim, we addressed the burden of severe
bronchiolitis by retrospectively analyzing the trend in PICU admissions
in six European countries during the period 2000 to 2019.

2. Methods

National, quality-controlled registry data as well as single-center
data were eligible for inclusion. Three national databases (France, FR,
data ranging from 2011–2019; the Netherlands, NL, 2003–2018; Scot-
land, SCT, 2001–2016) and three single-center PICUs (Brussels,
Belgium, BE, 2000–2019; Padua, Italy, IT, 2000–2019; Oslo, Norway,
NW, 2000–2019) were included in the study. Waivers were obtained
from local medical ethical committees where appropriate. We collected
PICU admission numbers for bronchiolitis in children below two years
of age (for international classification of diseases codes see Supplemen-
tal Table 1), and when available, data concerning all PICU admissions
(including other etiologies) in children below two years old, preterm
birth (gestational age < 37 weeks), comorbidity (congenital heart dis-
ease, cystic fibrosis, bronchopulmonary disease and trisomy 21), and
use of invasive mechanical ventilation (IMV, including high-frequency
oscillation). Population estimates were extracted from Eurostat
(https://ec.europa.eu/eurostat) and the National Records of Scotland
(nrscotland.gov.uk; mid-year population estimates NHS) on March 9,
2021. We performed linear regression to assess for changes over time
for continuous variables of interest andbinary logistic regression for dis-
crete variables where appropriate.

3. Results

Between 2000 and 2019, there were 15,606 PICU admissions for
bronchiolitis at the participating sites. Detailed information considering
the PICUs and catchment population is presented in the Supplementary
text and Supplementary Table 1A-1B. Therewas a significant increase in
the number of PICU admissions for bronchiolitis in all sites over the
study period (Fig. 1A). This increasing trend was also observed in the
relative contribution of bronchiolitis-related PICU admissions to the
overall number of PICU admissions (Fig. 1B), and in the population-
based estimates per 100,000 children (Fig. 1C) for the sites with avail-
able data. In the five sites (FR, NL, SCT, BE, IT) with data on patient char-
acteristics, we did not observe a concomitant increase in the proportion
of children at high risk for a severe course of bronchiolitis, including pa-
tients younger than 6 months of age, comorbidity or preterm birth
Fig. 1. Trends in PICU admissions for bronchiolitis (2000–2019).
1A, Annual number of PICU admissions for bronchiolitis in children 0–2 years old. Admission nu
sions over time for the individual sites showed an increase in PICU admissions for bronchiolitis
(SCT) (β 3.294, SE 0.492, p < 0.0001), Belgium (BE) (β 3.689 SE 0.391 p < 0.0001), Italy (IT) (β
dardized beta coefficients (β) represent the degree of change (increase) in PICU admissions ov
shown as the percentage (%) of all children 0–2 years old admitted to the PICU (data from BE, FR
per 100,000 children 0–2 years old in the country (data from FR, NL and SCT).
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(Fig. 2 and Supplemental Fig. 1). In the four sites (FR, NL, BE, IT) with
data on respiratory support, the overall use of IMV appeared to decrease
over time (FR: OR 0.86 95% CI 0.84–0.88, NL: OR 0.92 95% CI: 0.90–0.93,
for a complete list see Supplemental Fig. 2). However,we observed large
differences in the proportion of children who received IMV, with sites
using IMV either in the majority (NL) or minority (FR, BE) of patients
(Supplemental Text and Supplemental Fig. 2).
4. Discussion

In this study, we described the burden of severe viral bronchiolitis
that requires PICU admission over the last two decades in six
mbers for France (FR) and the Netherlands (NL) are x10. Linear regression for PICU admis-
at all sites: FR (β 60.82, SE 16.95, p= 0.009), NL (β 11.88, SE 3.157, p= 0.002), Scotland
1.066, SE 0.213, p < 0.0001); Norway (NW) (β 2.289, SE 0.329, p < 0.0001). The unstan-
er time. 1B, Annual number of PICU admissions for bronchiolitis in children 0–2 years old
, NL and IT). 1C, Annual national PICU admissions for bronchiolitis in children 0–2 years old
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European countries using three full national registries and three single-
center databases. We observed an increase in the annual number, rate
and estimates per 100,000 children of PICU admissions for bronchiolitis
in children below two years old in all the included sites.

The potential reasons (e.g. host-, virus- and environmental-related
factors) for this rise in burden of bronchiolitis for the PICU remain un-
clear. In our retrospective analysis there was no evidence of any change
in the proportion of high-risk patients traditionally associated with a se-
vere course of bronchiolitis. Previous studies focusing on RSV-
bronchiolitis exclusively, showed normal fluctuations – but no real in-
crease in the RSV load among the general population and only aminimal
increase in hospital admissions to the general wards, which thus cannot
explain the increase in PICU admissions for bronchiolitis over time [7,8].
Our study spanned a period of almost 20 years in which pediatric critical
care practice, including at the sites in this study, has changed in terms of
availability of non-invasive respiratory support (e.g. high flow nasal can-
nula, HFNC). Although we observed considerable variation in intubation
rates between sites in this study (due to differences in health-care infra-
structure and respiratory support strategies between sites), overall IMV
rates appear to slightly decrease over the years. This moderate decline
in the percentage of children receiving IMV may be related to the tre-
mendous increased use of non-invasive respiratory support, such as
HFNC, both in- and outside the PICU [5,7,9]. Paradoxically, absolute num-
bers of patients receiving IMV appear to remain constant, and this indi-
cates that the proportion of children in whom non-invasive respiratory
support sufficed, functioned as the main driver for the overall increase
in burden of bronchiolitis for PICUs. Similarly, previous studies have sug-
gested the introduction of an important change in practicewith lowering
of PICU referral thresholds, specifically by widespread adoption of HFNC
[5,7,9]. By showing a consistent increase in PICU admissions in various
European countries, all with a different pediatric critical care infrastruc-
ture, our study further indicates that such observations do not stand
alone, but likely reflect a larger (global) trend [5,7,9]. However, current
retrospective registry-based analysis precludes from drawing any firm
conclusions on the relationship between available respiratory support
modalities and trends of PICU admissions.

Our data are derived from the pre-COVID-19 period, after which
bronchiolitis incidence rates have dropped dramatically, but are cur-
rently developing [10]. A possible explanation for the dramatic drop in
bronchiolitis cases may be the introduction of non-pharmaceutical in-
terventions such as social distancing, that caused the infection rate of
several respiratory viruses among the population to reach an all-time
low. This may contribute to the emergence of a young population with
low (herd) immunity for important common respiratory viruses such
as RSV [11]. Caution is warranted in the upcoming years, as a highly un-
predictable pattern in PICU admission rates for bronchiolitis may de-
velop, potentially threatening critical health care capacity [10].

In conclusion, there is an increasing burden of viral bronchiolitis for
PICUs in Europe over the last two decades, possibly related to increased
utilization of non-invasive respiratory supportmodalities. Thiswarrants
attention and further detailed investigation by international collabora-
tion by the pediatric critical care community in prospective studies, as
an incentive to inform health care policymakers and future preventive
(immunization) strategies.
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