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Abstract

Background To undertake a systematic review of studies describing the proportion of children admitted to a pae-
diatric intensive care unit (PICU) for respiratory syncytial virus (RSV) and/or bronchiolitis who were born preterm, and
compare their outcomes in PICU with children born at term.

Methods We searched Medline, Embase and Scopus. Citations and references of included articles were searched.
We included studies published from the year 2000 onwards, from high-income countries, that examined children
0-18 years of age, admitted to PICU from the year 2000 onwards for RSV and/or bronchiolitis.

The primary outcome was the percentage of PICU admissions born preterm, and secondary outcomes were observed
relative risks of invasive mechanical ventilation and mortality within PICU.

We used the Joanna Briggs Institute Checklist for Analytical Cross-Sectional Studies to assess risk of bias.
Results We included 31 studies, from 16 countries, including a total of 18,331 children.

Following meta-analysis, the pooled estimate for percentage of PICU admissions for RSV/bronchiolitis who were born
preterm was 319% (95% confidence interval: 27% to 35%). Children born preterm had a greater risk of requiring inva-
sive ventilation compared to children born at term (relative risk 1.57, 95% confidence interval 1.25 to 1.97, 12=38%).
However, we did not observe a significant increase in the relative risk for mortality within PICU for preterm-born
children (relative risk 1.10, 95% confidence interval: 0.70 to 1.72, 1> =0%), although the mortality rate was low across
both groups.

The majority of studies (n=26, 84%) were at high risk of bias.

Conclusions Among PICU admissions for bronchiolitis, preterm-born children are over-represented compared with
the preterm birth rate (preterm birth rate 4.4% to 14.4% across countries included in review). Preterm-born children
are at higher risk of mechanical ventilation compared to those born at term.
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Background

Bronchiolitis is a viral lower respiratory tract infection,
which affects babies and young children, most commonly
caused by respiratory syncytial virus (RSV) [1]. Bronchi-
olitis is a clinical diagnosis, although laboratory testing
for RSV may be informative. Severe infection in young
children may cause apnoea and respiratory failure, and
remains an important reason for admission to paediat-
ric intensive care units (PICUs) in those children aged
under two years [1]. Providing treatment for respiratory
tract infections forms a large part of PICU activity: 30%
of PICU admissions in the United Kingdom are due to
respiratory causes [2].

Children born preterm are at increased risk of chronic
lung disease which in turn can have longer-lasting effects,
including increased risk of hospitalisation and severe
complications from bronchiolitis [1, 3]. Whilst previ-
ous individual studies have examined the proportion
of PICU admissions with bronchiolitis in children born
preterm and suggested they may be over-represented in
PICU, meta-analysis has not been undertaken to date.
This issue is gaining importance given the increasing sur-
vival following extreme preterm birth which may impact
the population of children born preterm requiring PICU
services [4], as these children have the highest risk of
chronic lung disease [5].

Moreover, individual studies have suggested that chil-
dren born preterm with bronchiolitis are at higher risk of
adverse outcomes within PICU such as requiring invasive
ventilation or mortality compared to those born at term
[6-10]. The results of these multiple small studies have
not yet been pooled to confirm these associations.

The aim of this review was to quantify the burden of
preterm birth on PICU admissions for bronchiolitis.
We performed a systematic review with meta-analysis,
aiming to draw together the evidence for the first time,
describing the proportion of PICU admissions for bron-
chiolitis born preterm, and examining their outcomes
within PICU.

Methods

Data sources

We searched Medline, Embase and Scopus for articles
published from the year 2000 onwards, using search
terms for preterm birth, low birth weight or chronic
lung disease (proxies for prematurity), and paediatric
intensive care [See Additional File for search strategy].
We searched citations and references from the studies
included, and screened references from relevant system-
atic reviews found during the search. This study forms
part of a wider over-arching project examining prematu-
rity and PICU. All results from the search were screened
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and categorised by PICU admission diagnosis, and we
present data from studies examining PICU admission for
bronchiolitis and/or RSV.

Study selection

We included cross-sectional and longitudinal stud-
ies examining children 0-18 years of age admitted to
PICU with RSV and/or bronchiolitis from the year
2000 onwards, taking place in high-income countries as
defined by the World Bank [11]. We included only high-
income countries to reduce heterogeneity of results, and
because these countries are more likely to have a well-
established PICU service able to offer intensive care to
all children requiring intensive support for respiratory
failure. In addition, high-income countries consistently
offer neonatal intensive care to the most preterm babies
providing more comparable populations of preterm born
infants for comparison in this review.

We included studies describing our primary outcome
of the proportion of children within PICU born preterm
(as per the individual study’s authors’ definition of pre-
maturity), where it was possible to extract these data. We
intended to examine secondary outcomes if sufficient
data was available: invasive mechanical ventilation, mor-
tality within PICU, repeat admission to PICU, and length
of stay in PICU.

Preterm birth is defined by the World Health Organi-
sation as birth before 37 weeks of gestation, and there-
fore we assumed study authors used this definition unless
otherwise specified. Where possible, we examined prede-
fined subgroups by degree of prematurity (<28 weeks, 28
to < 32 weeks, 32 to <37 weeks).

To focus on the overall PICU population, we excluded
studies which examined only children receiving specific
therapies within PICU (e.g., extra-corporeal membrane
oxygenation), studies examining paediatric intensive care
transport, and studies examining high dependency units.
We excluded studies which examined only children with
specific chronic conditions (e.g., congenital heart disease)
as these may have different risk factors for PICU admis-
sion and adverse outcomes compared to the general
PICU population.

To avoid potentially double counting children in stud-
ies which used overlapping populations, we included the
study reporting the largest sample size. If two studies had
overlap but a secondary outcome was only reported in
the smaller study, then both the primary outcome from
the larger study and the secondary outcome from the
smaller study were included.

Initial screening was performed by TvH, with 10% of
the primary search screening independently verified by
the second reviewer (KW). A third party (SES) was avail-
able if disagreements were not resolved after discussion.
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Data extraction

We used Endnote 20 (Clarivate, London UK, 2021),
Rayyan (Rayyan Systems Inc, Cambridge USA, 2022),
and RevMan 5.41 (Cochrane Collaboration, London UK,
2020) for data management.

We collected the following data items: study character-
istics, number of children in PICU born preterm and at
term, and number of events for secondary outcomes in
preterm-born and term-born groups.

The review was registered on PROSPERO
(CRD42021289692) and amendments submitted.

Data synthesis

We performed data synthesis and meta-analysis in Stata
17 (StataCorp. College Station TX USA, 2021) for out-
comes if there were five or more comparable studies,
using random-effects models (DerSimonian and Laird),
and presented as forest plots. For the primary outcome,
we summarised the percentage and 95% confidence
intervals (95%CI) of children in PICU born preterm. For
secondary outcomes, we used observed data to calculate
unadjusted relative risks and 95% confidence intervals
for preterm-born compared to term-born children. We
reported I? as the measure of heterogeneity.

Studies were included if they reported relevant data
to answer our study aim, and we performed critical
appraisal based on our research question (irrespective
of the aims of the individual study’s authors). For criti-
cal appraisal we used the Joanna Briggs Institute Check-
list for Analytical Cross-Sectional Studies [12], domains
included: inclusion criteria, description of subjects and
setting, measurement of exposure (identifying history
of preterm birth), confounding factors, measurement of
outcomes, and statistical approach. We assigned studies
an overall risk of bias: high risk of bias if there were at
least two domains with high risk of bias; uncertain if at
least two domains had uncertain risk of bias; otherwise,
low overall risk of bias. We did not exclude studies on the
basis of quality but used it to inform our discussion and
interpretation of results.

Results

We conducted our primary search in November 2021,
identifying 5,355 articles, then repeated the search in
December 2022, which identified an additional 1,072
abstracts (total n=6,427) (Fig. 1). We excluded non-
English language studies (#=5), duplicates (n=1,455),
and non-relevant abstracts (7 =4,774). Reasons abstracts
were considered not relevant were as follows: wrong
study design (n=1,534) such as case studies; wrong
population (n=1,268), such as low-income countries;
wrong outcome (n=_877) such as hospitalisation; wrong

Page 3 of 12

publication type (n=823) such as commentaries; not
examining prematurity (n=152); data from before 2000
(n=84); animal or in-vitro study (n=36).

Following exclusions, we reviewed 193 full studies. Fol-
lowing full review, we excluded further studies for rea-
sons including an inability to identify if the children were
born preterm (#=>52), or wrong outcome (#=16) such as
using a composite outcome of PICU or high dependency
care admission.

We screened an additional 2,715 abstracts obtained
from citations and references of included studies, result-
ing in a further 340 papers to review. The same process of
inclusion and exclusion of abstracts and full papers was
applied.

This search was undertaken as part of a wider study of
children admitted to PICU for multiple reasons; for this
paper we searched within the wider search results and
selected all relevant studies focussing on RSV/bronchioli-
tis. In total we included 31 studies of PICU admissions
for RSV/bronchiolitis in this paper.

Study characteristics

The 31 studies [6-10, 13—-38] were from 16 different
countries and included a total of 18,331 children. Data
from 28 studies were used for the primary outcome,
and from 9 and 7 studies for the secondary outcomes of
mortality and ventilation respectively. Characteristics of
included studies are summarised in Table 1. There was
considerable heterogeneity in study settings, ranging
from single centres [9] to national datasets, [28, 29, 31,
34] and units ranged in size from a 7-bed PICU [9] to a
32-bed mixed cardiac/medical PICU [30]. Generally sam-
ple sizes were small: 17 studies (57%) included under 200
children, only 2 included over 1,000 [29, 34].

The majority of studies (17/31, 55%) included children
with a clinical diagnosis of bronchiolitis, there were seven
which included children with a positive test for RSV, and
seven in which the inclusion criteria was clinicial bron-
chiolitis with confirmed RSV (23% each) (Table 1). The
majority of studies included children up to the age of two
years; one included only infants up to three months of
age [22], and four included children up to 18 years [7, 14,
26, 28], although the majority of participants were aged
under one year regardless of inclusion criteria. Seven
(23%) studies did not describe inclusion criteria for age.

Eleven studies did not describe the threshold for pre-
term birth used and therefore this was assumed to
be<37 weeks. Fifteen studies specified preterm birth
as < 37 weeks, one study used < 38 weeks [18], the remain-
ing four used between <34 and <36 weeks [7, 9, 25, 37].
Where lower thresholds were used, studies may have
included a smaller number of more preterm children who
are at greater risk of chronic health conditions.
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Fig. 1 PRISMA flow diagram

Study quality

Figure 2 shows a summary of the risk of bias assessments
for the 31 studies, of which 26 (84%) had a high risk of
bias, four (13%) had an unclear risk of bias [17, 30, 34,
36], and one (3%) had a low risk of bias [28]. No stud-
ies compared confounding factors such as comorbidi-
ties between preterm and term-born groups, so all were
assigned a high risk of bias in this domain. Other issues
identified included the definition of preterm birth; and
exclusion of children for reasons not relevant to this
review such as hypernatremia [21] or pre-hospital intu-
bation [10].

Primary outcome

Meta-analysis of 28 studies (after excluding three stud-
ies with overlapping populations [6, 8, 15]) gave a pooled
estimate for the percentage of children admitted to PICU
with RSV and/or bronchiolitis born preterm of 31.0%
(95%CI: 27.5% to 34.5%) (Fig. 3). However, there was sig-
nificant heterogeneity (I*=95%). After excluding studies
in which prematurity was not defined [16, 17, 19, 20, 23,
27, 32, 38], the pooled estimate remained similar at 31.0%

(95%CI: 26.7% to 35.3%), but heterogeneity remained
high (I*=96%).

There appeared to be changes over time with a higher
percentage of PICU admissions born preterm in earlier
studies. For studies whose midpoint of data collection
was before 2010 — the year the Joint Committee on Vac-
cination and Immunisation (JCVI) recommended use of
the RSV prophylaxis in the United Kingdom (UK) [39]
— the percentage of children born preterm was 35.3%
(95%CIL: 29.7% to 40.9%); for studies whose midpoint
was >2010, the percentage born preterm was 27.5%
(95%CI: 22.6% to 32.5%).

The pooled percentage of PICU admissions born
extremely preterm (reported in five studies [7, 18, 30, 31,
33]) was 5.0% (range: 1.3% to 11.0%, 95%CI: 2.0% to 8.1%)
[see Additional File for forest plot], with significant het-
erogeneity between studies (I>=83%). There was no clear
relationship between the study period and the proportion
of children born extremely preterm.

Secondary outcomes
Meta-analysis for secondary outcomes was performed for
mortality in PICU (nine studies) and invasive ventilation
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Fig. 2 Risk of bias summary for included studies
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(seven studies). However, there were no studies reporting
repeat PICU admission, and only three reported length
of stay [7, 17, 28] so these outcomes are not presented.

The overall crude relative risk for mortality within
PICU, using data from nine studies, was 1.10 (95%CI: 0.70
to 1.72), with a lack of heterogeneity (I*=0%) (Fig. 4). To
examine publication bias, we examined the funnel plot
for this outcome (not shown), which appeared sym-
metrical (Egger’s test p=0.81). Sensitivity analysis was
performed, excluding the two studies that did not define
prematurity [6, 27], and meta-analysis of the remaining
seven studies gave a relative risk for mortality of 1.33
(95%CI: 0.82 to 2.13) (I*=0%).

To examine whether the introduction of RSV prophy-
laxis may have affected mortality, we performed sub-
group analysis of studies whose midpoints were before
2010 and those who midpoint was 2010 or after. For the
five earlier studies the relative risk of observed mortality
was 0.94 (95%CI: 0.47 to 1.89), and for the four studies
with a data midpoint from 2010 the relative risk was 1.52
(95%CI 0.63 to 3.71).

Meta-analysis using seven studies showed children
born preterm had 1.57 times (95%CIL: 1.25 to 1.97) the
crude relative risk of ventilation compared to children
born at term (Fig. 5). There was low to moderate hetero-
geneity (I?=238%). The funnel plot (not shown) appeared
symmetrical (Egger’s test p=0.51). We again performed
sensitivity analysis excluding two studies that did not
define prematurity [6, 15], which gave a relative risk for
ventilation of 1.76 (95%CI: 1.35 to 2.30) (I>=21%), con-
firming a consistent increase in risk.

In relation to RSV prophylaxis, examining the three
studies whose data midpoint was before 2010, the relative
risk for ventilation was 1.43 (95%CI: 0.98 to 2.10), and for
the four later studies it was 1.63 (95%CI: 1.20 to 2.21).

Discussion
In this review we aimed to quantify the burden of pre-
maturity within the PICU whilst focussing on a specific
clinical condition associated with severe complications in
children born preterm: bronchiolitis. We identified that
the pooled percentage of children admitted to PICU for
RSV/bronchiolitis born preterm (31%) is consistently
higher than would be expected from the rate of pre-
term births in countries included in this review (range:
4.4% in Saudi Arabia to 14.4% in Israel [40], Table 1).
Where reported, the pooled percentage of children born
extremely preterm (5.0% of admissions) was also greater
than the extreme preterm live birth rate (for example
0.5% of live births in the UK [41]).

The observed mortality following PICU admission for
bronchiolitis was very low in both preterm- and term-
born children, with no significant difference shown.



van Hasselt et al. BMC Pediatrics (2023) 23:326 Page 9 of 12
Data %
Study Prematurity ~ midpoint ~ Total ES (95% Cl) Weight
Prais 2005 <37 weeks 2001 228 | —_—l— 41.23(35.04,47.71)  3.63
Javouhey 2008 Undefined 2004 80 | T 48.75(38.11,59.51)  2.95
Lee 2016 <37 weeks  2005.5 186 | —_— 49.46 (42.36, 56.59)  3.52
Schiller 2011 <37 weeks 20055 79 . 39.24 (29.21,50.27)  2.98
Soilly 2012 <37 weeks 20055 467 +— 31.91(27.84,36.27)  3.89
Al-Muhsen 2010 <36 weeks 2006 70 T 37.14 (26.77, 48.85) 2.89
Butt 2011 <37 weeks 2006 181 I _—— 40.33 (33.46,47.61)  3.52
McKiernan 2010 <37 weeks 2006 115 —_—) 29.57 (21.99, 38.46)  3.35
Lee 2021 Undefined 2007 85 | . 47.06 (36.81,57.57)  3.00
Schlapbach 2017 <37 weeks 2008 9304 [ ] I 18.24 (17.47,19.04) 4.1
Hasagawa 2015 <37 weeks 20085 225 —.I— 28.00 (22.54, 34.20)  3.70
Koutsaftiki 2013 <36 weeks 2009.5 120 —_— 30.00 (22.53,38.72)  3.37
Linssen 2021 <37 weeks  2009.5 2161 - I 26.10 (24.29,27.99)  4.07
Leung 2014 <37 weeks 2010 118 —_— 29.66 (22.17,38.44)  3.36
Kang 2019 <35weeks 20105 92 —— | 7.61(3.73, 14.88) 3.75
Resch 2018 Undefined ~ 2010.5 156 —I—.— 33.33 (26.41,41.05)  3.49
Soshnick 2019 <34 weeks 2013 325 —— | 17.54 (13.79,22.05)  3.90
Essouri 2017 Undefined ~ 2013.5 194 —_—— 24.74 (19.20,3127)  3.67
Ghazaly 2018 <38 weeks 2013.5 274 I —_—— 45.99 (40.18, 51.90) 3.69
Slain 2018 <37weeks 20135 145 S S— 31.03 (24.08,38.97) 347
Toni 2019 Undefined 2013.5 161 —_—— | 18.01(12.84,24.67)  3.69
Guillot 2018 Undefined 2014 102 —|—.— 34.31(25.82,43.95) 3.2
Huguet 2021 <37 weeks 2014 805 27.70 (24.72,30.89)  3.99
Kadmon 2020 <37 weeks 2014 276 31.52(26.33,37.22) 3.75
Flores-Gonzalez 2017 Undefined 2014.5 262 —— 20.99 (16.50,26.32)  3.81
Aljassim 2022 Undefined 2017 372 —— | 17.47 (13.95,21.66) 3.93
Ghazaly 2021 Undefined 2017 144 | —_—.— 43.06 (35.25,51.22)  3.39
Marlow 2021 <37 weeks 2017 573 34.03 (30.27,38.01)  3.92
Overall (12 = 94.92%, p = 0.00) 30.98 (27.46, 34.51)  100.00

I I I
0 20

I I I I
40 60

Proportion born preterm (%)
Fig. 3 Forest plot: proportion of children born preterm among PICU admissions for RSV and/or bronchiolitis

Given the low observed frequencies of deaths from
bronchiolitis, it may be that a larger study population is
required to avoid type II error. However, our results dem-
onstrate that preterm-born children are at 1.5 times the
risk of requiring ventilation compared to those born at
term, demonstrating the need for increased intensity of
care. Therefore, it appears preterm-born children have
higher needs of medical intervention to successfully
recover from bronchiolitis.

Over the years of our study, the practice of passive
immunisation against RSV for high-risk preterm-born
infants has become standard across high-income coun-
tries. RSV prophylaxis is known to reduce the risk of
hospitalisation for bronchiolitis [42], although the effect
on overall PICU demand remains unknown. To explore
this further as a sensitivity analysis, we examined admis-
sions before and after 2010, using the publication of UK
JCVI recommendations for RSV prophylaxis as a thresh-
old [39]. Despite decreased neonatal mortality follow-
ing extreme preterm birth during this period [4] (and

therefore more surviving children), later studies reported
a lower percentage of children admitted to PICU who
were born preterm, although confidence intervals did
overlap. Therefore, RSV prophylaxis may have reduced
PICU admissions for bronchiolitis in preterm-born chil-
dren, although we were unable to explore this further
as we did not have child-level data describing individu-
als” RSV prophylaxis status. Moreover, there was no clear
trend in the extremely preterm-born subgroup, who
would generally meet criteria for RSV prophylaxis. In
addition, changes could be due to other factors over this
period such as adoption of high-flow nasal cannula oxy-
gen therapy to avoid PICU admission [6, 10].

We also examined the secondary outcomes comparing
studies taking place before and after the introduction of
RSV prophylaxis. The relative risk of mortality for pre-
term-born compared to term-born children appeared to
be increased in the later studies, however the confidence
intervals were very wide as there were only a limited
number of studies, and death in PICU was infrequent,
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Preterm Term Risk Ratio Weight
Study Prematurity Midpoint Total Yes No Yes No with 95% CI (%)
Kang 2019 <35 weeks 2010.5 92 1 6 6 79 —JJ—I— 2.02[0.28, 14.54] 5.15
Al-Muhsen 2010  <36weeks 2006 70 1 25 O 44 : 5.00[0.21, 118.43]  2.00
Lee 2016 <37 weeks 20055 186 4 88 6 88 —.']‘— 0.68[0.20, 2.34] 13.19
Leung 2014 <37 weeks 2010 118 3 32 5 78 —%I— 1.42[0.36, 5.63] 10.58
Linssen 2021 <37 weeks 2009.5 2161 11 553 26 1,571 —-— 1.20 [ 0.60, 2.411 41.06
Prais 2005 <37 weeks 2001 228 4 90 3 131 — 1.90 [ 0.44, 8.30] 9.22
Ghazaly 2018 <38 weeks 20135 274 4 122 2 146 —1‘—I— 2.35[0.44, 1261] 7.09
Lee 2020 Undefined 2007 85 2 38 9 36 —.—} 0.25[ 0.06, 1.09] 9.25
Pham 2020 Undefined 2010 604 0 103 7 494 ; 0.32[0.02, 5.59] 2.46
Overall ‘ 1.10[ 0.70, 1.72]
Heterogeneity: ©* = 0.00, I> = 0.00%, H* = 1.00 }
Test of 6,= 6; Q(8) = 7.94, p = 0.44 }
Testof 0=0:2=0.41,p=0.68 }
O.I‘l 0 1.0 10!00
Relative Risk (Preterm vs Term)
Random-effects DerSimonian—Laird model
Fig. 4 Forest plot: relative risk of mortality within PICU comparing children born preterm and at term
Preterm Term Risk Ratio Weight

Study Prematurity Midpoint Total Yes No Yes No with 95% CI (%)

|
Kang 2019 <35 weeks 2010.5 38 5 1 10 22 % | 2.67[1.43, 499] 9.86
Koutsaftiki 2013 <36 weeks 2009.5 120 12 24 20 64 ——H 140[0.77, 2.55] 10.51
Prais 2003 <36 weeks 2000.5 104 11 21 22 50 —H 1.13[0.62, 2.03] 10.72
Marlow 2021 <37 weeks 2017 573 65 130 68 310 —_— 1.85[ 1.38, 2.48] 23.86
McKiernan 2010 <37 weeks 2006 115 9 25 9 72 ; i 2.38[1.04, 5.48] 6.25
Carroll 2016 Undefined 2010 323 3 58 53 181 —.— 1.54[1.06, 2.23] 19.29
Pham 2020 Undefined 2010 434 28 73 83 250 —|-.—]‘- 1.11[0.77, 1.60] 19.50
Overall ‘ 1.57[1.25, 1.97]
Heterogeneity: 1> = 0.03, I” = 38.27%, H* = 1.62 i
Testof 6,=6;: Q(6) =9.72,p=0.14 }
Testof 6 =0:z=3.89, p=0.00 }

T T

Random-effects DerSimonian—Laird model

4
Relative Risk (Preterm vs Term)

Fig. 5 Forest plot: relative risk of invasive ventilation comparing children born preterm and at term

and so this result may be due to chance. For ventila-
tion, the relative risk was greater in the later studies, this
could reflect differential effects of advances in respira-
tory management between the term-born and preterm-
born children, resulting in a relatively greater proportion
of those born preterm requiring ventilation while more
term-born children could be managed using non-invasive

therapies. However, there were again few studies in each
sub-group, and so it is difficult to draw firm conclusions.

Strengths and weaknesses

This novel systematic review answers an important
research question for a vulnerable group of children. Its
strengths lie in a wide-ranging analysis and summary of



van Hasselt et al. BMC Pediatrics (2023) 23:326

many smaller studies, and using a broad systematic search
strategy — including screening of references and cita-
tions — to reduce the chance of missing relevant studies.
Moreover, second review of a proportion of studies took
place throughout, including at data extraction and criti-
cal appraisal stages to ensure consistency in the inclusion
approach. Appropriate random-effects models were used
due to heterogeneity across studies. This heterogeneity
may have arisen from a range of factors such as variation in
inclusion criteria for age, whether RSV test positivity was
required for inclusion, and variation in PICU size across
included studies. There were studies that included all chil-
dren under 18 years of age, a range which does not reflect
the age distribution of RSV/bronchiolitis where the major-
ity of severely affected children are aged under 2 years [1].
Limitations include a lack of evidence directly address-
ing the specified research question, and consequently due
to paucity of data, true differences may have been missed.
Many studies did not have prematurity as the primary
focus, and therefore the majority of studies were assigned
a high risk of bias. Of note, studies did not compare the
presence of other risk factors for adverse PICU outcomes
such as comorbidities between preterm- and term-born
groups. Therefore, further sensitivity analysis or meta-
regression was limited by the lack of data, and we could
only calculate observed crude unadjusted relative risks.

Future work

There is a lack of evidence addressing this important
research question and limited data describing the full
impact of preterm birth on PICU services, or outcomes for
preterm-born children in PICU. Understanding the impact
of preterm birth is important for families, clinicians, and
policy makers. Contemporary large high-quality studies
are needed to accurately plan PICU services and inform
parents of preterm children of the risks of further critical
illness following neonatal care. We intend to use the UK
national-level dataset of PICU admissions (PICANet [2])
to further answer these questions in the future.

Conclusions

Admission to paediatric intensive care of preterm-born
children impacts children, their families, and the wider
healthcare system. Preterm-born children make up a sig-
nificant and over-represented group within the children
admitted to PICU with bronchiolitis. They are at higher
risk of requiring invasive respiratory support than chil-
dren born at term, but no significant increased risk of
mortality was observed.

Page 11 of 12

Abbreviations

95% Cl 95% Confidence interval

ES Effect size

Jevi Joint Committee on Vaccination and Immunisation, United
Kingdom

LRTI Lower respiratory tract infection

NIV Non-invasive ventilation

PICU Paediatric intensive care unit

RSV Respiratory syncytial virus

UK United Kingdom

USA United States of America

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-023-04150-7.

Additional file 1. Supplementary Table. Search strategy. Supplemen-
tary Figure. Forest plot showing the proportion of children born at <28
or <28 weeks among paediatric intensive care admissions for respiratory
syncytial virus and/or bronchiolitis.

Acknowledgements

We would like to acknowledge the support of Bliss, the charity for preterm
and sick babies, The Smallest Things charity, and the families of preterm-born
children who took part in our Patient and Public Involvement group. Input
from families was invaluable in assisting our research team in funding applica-
tions, research design, and families will continue to be involved in interpreta-
tion and dissemination of the results of ongoing studies.

Authors’ contributions

TvH: Study design, searches, writing of manuscript. KW: Second review and
manuscript review and editing. CG, ESD, SES: Project design, supervision,
manuscript review. All authors reviewed the manuscript.

Authors’ information
Not applicable

Funding

DrTim van Hasselt, NIHR Doctoral Research Fellow (NIHR301761), and Dr Sarah
Seaton, NIHR Advanced Fellow (NIHR300579), are funded by the NIHR for

this research project. The views expressed in this publication are those of the
authors and not necessarily those of the NIHR, NHS or the UK Department of
Health and Social Care.

Availability of data and materials
The corresponding author may be contacted to share the data and materials
of this review subject to reasonable requests.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Population Health Sciences, University of Leicester, University
Rd, Leicester LET 7RH, UK. 2Neonatal Medicine, School of Public Health, Faculty
of Medicine, Chelsea and Westminster Hospital Campus, Imperial College
London, London, UK.

Received: 7 February 2023 Accepted: 23 June 2023
Published online: 29 June 2023


https://doi.org/10.1186/s12887-023-04150-7
https://doi.org/10.1186/s12887-023-04150-7

van Hasselt et al. BMC Pediatrics

(2023) 23:326

References

1.

2.

20.

21

22.

23.

@ymar K, Skjerven HO, Mikalsen IB. Acute bronchiolitis in infants, a review.
Scand J Trauma Resusc Emerg Med. 2014;22(1):23.

PICANet. PICANet Annual Reporting and Publications: PICANet; 2021.
Available from: https://www.picanet.org.uk/annual-reporting-and-publi
cations/. Accessed 18 Oct 2021.

McLaurin KK, Farr AM, Wade SW, et al. Respiratory syncytial virus hospitali-
zation outcomes and costs of full-term and preterm infants. J Perinatol.
2016;36(11):990-6.

British Association of Perinatal Medicine. Perinatal Management of
Extreme Preterm Birth Before 27 weeks of Gestation (2019). A BAPM
Framework for Practice 2019 [updated 23/10/2019]. Available from:
https://www.bapm.org/resources/80-perinatal-management-of-extre
me-preterm-birth-before-27-weeks-of-gestation-2019. Accessed 12 Oct
2021.

KalikkotThekkeveedu R, Guaman MC, Shivanna B. Bronchopulmonary
dysplasia: a review of pathogenesis and pathophysiology. Respir Med.
2017;132:170-7.

Pham H, Thompson J, Wurzel D, et al. Ten years of severe respiratory syn-
cytial virus infections in a tertiary paediatric intensive care unit. J Paediatr
Child Health. 2020;56(1):61-7.

Kang JM, Lee J, Kim YK, et al. Pediatric intensive care unit admission due
to respiratory syncytial virus: retrospective multicenter study. Pediatr Int.
2019,61(7):688-96.

Prais D, Schonfeld T, Amir J. Admission to the intensive care unit for res-
piratory syncytial virus bronchiolitis: a national survey before palivizumab
use. Pediatrics. 2003;112(3):548-52.

Al-Muhsen SZ. Clinical profile of Respiratory Syncytial Virus (RSV) bronchi-
olitis in the intensive care unit at a tertiary care hospital. Curr Pediatr Res.
2010;14:75-80.

McKiernan C, Chua LC, Visintainer PF, et al. High flow nasal cannulae
therapy in infants with bronchiolitis. J Pediatr. 2010;156(4):634-8.

The World Bank. World Bank Country and Lending Groups 2022. Available
from: https://datahelpdesk.worldbank.org/knowledgebase/articles/
906519-world-bank-country-and-lending-groups. Accessed 25 Feb 2022.
JBI. Critical Appraisal Tools: Faculty of Health and Medical Sciences at the
University of Adelaide, South Australia; 2022. Available from: https://jbi.
global/critical-appraisal-tools. Accessed 25 Feb 2022.

Aljassim NA, Noél KC, Maratta C, et al. Antimicrobial Stewardship in Bron-
chiolitis: A Retrospective Cohort Study of Three PICUs in Canada. Pediatr
Crit Care Med. 2022;23(3):160-70.

Butt ML, Symington A, Janes M, et al. The impact of prophylaxis on pae-
diatric intensive care unit admissions for RSV infection: a retrospective,
single-centre study. Eur J Pediatr. 2011;170(7):907-13.

Carroll CL, Faustino EVS, Pinto MG, et al. A regional cohort study of

the treatment of critically ill children with bronchiolitis. J Asthma.
2016;53(10):1006-11.

Essouri S, Baudin F, Chevret L, et al. Variability of care in infants with severe
bronchiolitis: less-invasive respiratory management leads to similar
outcomes. J Pediatr. 2017;188(156-62):e1.

Flores-Gonzalez JC, Mayordomo-Colunga J, Jordan |, et al. Prospec-

tive Multicentre Study on the Epidemiology and Current Therapeu-

tic Management of Severe Bronchiolitis in Spain. Biomed Res Int.
2017;2017:2565397.

Ghazaly M, Nadel S. Characteristics of children admitted to intensive care
with acute bronchiolitis. Eur J Pediatr. 2018;177(6):913-20.

Ghazaly MM, Abu Faddan NH, Raafat DM, et al. Acute viral bronchiolitis
as a cause of pediatric acute respiratory distress syndrome. Eur J Pediatr.
2021;180(4):1229-34.

Guillot C, Le Reun C, Behal H, et al. First-line treatment using high-flow
nasal cannula for children with severe bronchiolitis: Applicability and risk
factors for failure. Arch Pediatr. 2018;25(3):213-8.

Hasegawa K, Stevenson MD, Mansbach JM, et al. Association between
hyponatremia and higher bronchiolitis severity among children in the
ICU with bronchiolitis. Hosp Pediatr. 2015;5(7):385-9.

Huguet A, Valla F, Toulouse J, et al. Occurrence and risk factors associ-
ated with seizures in infants with severe bronchiolitis. Eur J Pediatr.
2021;180(9):2959-67.

Javouhey E, Barats A, Richard N, et al. Non-invasive ventilation as primary
ventilatory support for infants with severe bronchiolitis. Intensive Care
Med. 2008;34(9):1608-14.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

42.

Page 12 of 12

Kadmon G, Feinstein Y, Lazar |, et al. Variability of care of infants with
severe respiratory syncytial virus bronchiolitis: a multicenter study. Pediatr
Infect Dis J. 2020;39(9):808-13.

Koutsaftiki C, Tsialla A, Sideri G, Bampanelou A, Papadatos |, Sianidou L.
Clinical data of infants with bronchiolitis who are admitted to two picus.
Intensive Care Med. 2013;39:585-585.

Lee Y-, Peng C-C, Chiu N-C, et al. Risk factors associated with death in
patients with severe respiratory syncytial virus infection. J Microbiol
Immunol Infect. 2016;49(5):737-42.

Lee MW, Goh AE. Mortality in children hospitalised with respiratory syncy-
tial virus infection in Singapore. Singapore Med J. 2021,62(12):642-6.
Leung T, Lam D, MiuT, et al. Epidemiology and risk factors for severe
respiratory syncytial virus infections requiring pediatric intensive care
admission in Hong Kong children. Infection. 2014;42(2):343-50.

Linssen RS, Bem RA, Kapitein B, et al. Burden of respiratory syncytial virus
bronchiolitis on the Dutch pediatric intensive care units. Eur J Pediatr.
2021;180(10):3141-9.

Marlow RK, Brouillette S, Williams V, et al. Risk Factors Associated with
Mechanical Ventilation in Critical Bronchiolitis. Children. 2021;8(11):1035.
Prais D, Danino D, Schonfeld T, et al. Impact of palivizumab on admission
to the ICU for respiratory syncytial virus bronchiolitis: a national survey.
Chest. 2005;128(4):2765-71.

Resch B, Brunner K, Rodl S. Characteristics of severe RSV infection need-
ing intensive care. Eur J Pediatr. 2018;177(9):1407-8.

Schiller O, Levy |, Pollak U, et al. Central apnoeas in infants with bron-
chiolitis admitted to the paediatric intensive care unit. Acta Paediatr.
2011;100(2):216-9.

Schlapbach LJ, Straney L, Gelbart B, et al. Burden of disease and

change in practice in critically ill infants with bronchiolitis. Eur Respir J.
2017:49(6):1601648.

Slain KN, Shein SL, Stormorken AG, et al. Outcomes of children with
critical bronchiolitis living in poor communities. Clin Pediatr (Phila).
2018;57(9):1027-32.

Soilly A-L, Ferdynus C, Desplanches O, et al. Paediatric intensive care
admissions for respiratory syncytial virus bronchiolitis in France: results of
a retrospective survey and evaluation of the validity of a medical informa-
tion system programme. Epidemiol Infect. 2012;140(4):608-16.

Soshnick SH, Carroll CL, Cowl AS. Increased use of noninvasive ventilation
associated with decreased use of invasive devices in children with bron-
chiolitis. Crit Care Explor. 2019;1(8):e0026.

Toni F, Lasaosa FJC, Conti G, et al. Comparison in the management of
respiratory failure due to bronchiolitis in a pediatric ICU between 2010
and 2016. Respir Care. 2019,64(10):1270-8.

Joint Committee on Vaccination and Immunisation. Joint Committee on
Vaccination and Immunisation Statement on immunisation for Respira-
tory Syncytial Virus 2010 [updated 7/01/2013]. Available from: https://
webarchive.nationalarchives.gov.uk/ukgwa/20130107105354/http://
www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/
documents/digitalasset/dh_120395.pdf. Accessed 26 Oct 2022.
Chawanpaiboon S, Vogel JB, Moller A-B, et al. Global, regional, and
national estimates of levels of preterm birth in 2014 a systematic review
and modelling analysis. Lancet Glob Health. 2019;7(1).e37-46.

. Office for National Statistics. Dataset: Birth Characteristics 2020 edition

2022 [updated 13/01/2022]. Available from: https://www.ons.gov.uk/
peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/
datasets/birthcharacteristicsinenglandandwales. Accessed 01 Mar 2023.
The IMpact-RSV Study Group. Palivizumab, a Humanized Respiratory
Syncytial Virus Monoclonal Antibody, Reduces Hospitalization From
Respiratory Syncytial Virus Infection in High-risk Infants. Pediatrics.
1998;102(3):531-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.picanet.org.uk/annual-reporting-and-publications/
https://www.picanet.org.uk/annual-reporting-and-publications/
https://www.bapm.org/resources/80-perinatal-management-of-extreme-preterm-birth-before-27-weeks-of-gestation-2019
https://www.bapm.org/resources/80-perinatal-management-of-extreme-preterm-birth-before-27-weeks-of-gestation-2019
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://jbi.global/critical-appraisal-tools
https://jbi.global/critical-appraisal-tools
https://webarchive.nationalarchives.gov.uk/ukgwa/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_120395.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_120395.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_120395.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_120395.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales

	Children born preterm admitted to paediatric intensive care for bronchiolitis: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Study selection
	Data extraction
	Data synthesis

	Results
	Study characteristics
	Study quality
	Primary outcome
	Secondary outcomes

	Discussion
	Strengths and weaknesses
	Future work

	Conclusions
	Anchor 22
	Acknowledgements
	References


