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Abstract

Aim

Determine the seasonal incidence of hospital Respiratory Syncytial Virus (RSV) bronchiolitis and explore the variables
associated with admission to ward versus the Paediatric Intensive Care Unit (PICU).

Method

Retrospective case-control study. Children, aged <2 years, between November and March, over a 3 year period with
a positive RSV nasopharyngeal aspirate test.

Results

A total of 557 children were included; 19% (n=106) required PICU admission. Children admitted to the PICU were
younger in age, median (IQR) 6.93 (3.96, 11.89) weeks compared to children who remained on the wards 11.00 (5.86,
24.14) weeks. Being underweight at the point of admission (adjusted odds ratio 3.15, 95% 1.46, 6.70, p=0.003) was
associated with a PICU admission.

Conclusion

Number of RSV bronchiolitis hospitalisations are increasing each year. Age, weight and the use of HFNC were
independent predictors for PICU admission.

Introduction

Respiratory Syncytial Virus (RSV) bronchiolitis is one of the leading causes of respiratory tract infections in infants and
young children with 90% being infected by age two worldwide®?. It is estimated that in Europe 10% of children
acquiring RSV bronchiolitis will need hospital care, with one in eight admissions requiring treatment in a Paediatric
Intensive Care Unit (PICU)3 Since 2012 RSV bronchiolitis has been a notifiable disease in Ireland with annual
epidemiological reports showing year on year increases that peak between November and February* RSV bronchiolitis
is now the second most common respiratory virus in Ireland after influenza®,

Clinical risk factors such as prematurity, age, chronic lung disease, neurological and cardiac conditions have all been
identified as contributing risk factors to patients requiring hospitalisation, including admission to a PICU®”8°, Current
research demonstrates a rise in the proportion of previously healthy infants with no known co-morbidities being
admitted to PICU due to RSV bronchiolitis®’. With trends showing a decrease in the number of infants with co-
morbidities requiring PICU treatment®’. The factors associated with admission to hospital with RSV bronchiolitis have
not been described in an Irish context before, nor, whether the observed yearly increase in hospital admissions is
associated with a change in patient characteristics. Therefore, the aim of this study is to determine the incidence and
characteristics of RSV bronchiolitis admissions among children less than two years old, during three winter seasons
and examine for risk factors associated with admission to the PICU.

Methods
Retrospective, unmatched case-control, single centre study, conducted at Ireland’s primary tertiary paediatric hospital
which houses a 23 bedded PICU with over a 1,000 admissions per year®® All children, aged two years or less, whose



primary reason for admission between November and February during the years 2014 to 2017 was bronchiolitis
secondary to RSV confirmed by a positive Nasopharyngeal Aspirate (NPA) test were included in this study. Laboratory
data and the patient administration system (PAS) were cross-referenced to ensure inclusion of eligible children.

Children who were not admitted to hospital, whose age on admission was greater than 2 years, whose admission
occurred outside of the study period or whose primary reason for admission was not RSV bronchiolitis were excluded.
Cases were defined as those requiring admission to the PICU at any point during their hospital stay. Controls were
children cared for exclusively at ward level. Healthy children were defined as the proportion of children who were
admitted to hospital with no pre-existing co-morbidities or no known medical condition at the time of admission. Any
child who presented with a known cardiac, neurological, respiratory or genetic diagnoses was characterised as having
a co-morbidity.

All demographic and clinical information was extracted from patients’ medical charts. Criteria for transfer to the PICU
comprises of escalation of respiratory support above High Flow Nasal Cannula (HFNC) due to deterioration in line with
the National Model of Care in Ireland®!. Children were classified as being born at term (gestational age at delivery > 37
weeks) or preterm (gestational age at delivery <36 weeks). We further divided gestational age into three groups; Term
(= 37 weeks), moderate to late preterm (32-36 weeks) and very preterm (< 31 weeks)!2. The Paediatric Early Warning
System (PEWS) is used across all hospitals in the Health Service Executive (HSE) and this data was collected®®. PEWS is
an observational tool used at the bedside to identify the deteriorating child based on physiology values. Weight-for-
Age (WFA) z-score was calculated using the World Health Organization (WHO)'s Anthro software for child growth
standards® Children were grouped as underweight (WFA z-score <-1), normal weight (WFA z-score -1 to +1) and
overweight (WFA z-score >-1). A child’s Paediatric Index Mortality Il (PIM 111) Score was calculated throughout a child’s
length of stay on PICU!>, All parameters that were analysed in this study were decided upon prior to data collect.

Categorical data is presented as numbers with their corresponding percentage and tested using Chi Square Test.
Continuous parametric data and non-parametric data are shown as mean (SD) and examined using Student’s T-Test
or displayed as median (IQR) and examined using Mood’s Test, respectively. In multivariate analyses we used logistic
and linear regression for categorical and continuous outcomes, respectively. Non-parametric continuous variables
were log transformed prior to being entered into any of the models. We employed directed acyclic graphs (DAGs) in
combination with the descriptive analyses described above to identify co-variates that should be included in the
models to reduce confounding and improve causal inferences'® The Institutional Research Ethics Board waived the
need to seek parental consent for this study.

Results

A total of 1030 NPA samples for suspected RSV bronchiolitis were obtained from the microbiology laboratory during
the study period, of which 923 children were positive for the virus. In total 366 children were excluded from the study
giving a final sample size of 557 (Figure 1). (Next page)..

Figure 1: Flowchart of Patient Recruitment

Assessed for eligibility:
NPA samples sent by study hospital: n=1030

NPA samples by referring hospital: n=33

NPA samples screened: n=1063

MPA samples screened positive: n=923

Excluded (n=366)

o Mot admitted to hospital {(n=346)
o RSV was secondary compliant (n=17)
o Untraceable medical records (n=3)

Eligibility for study:

N=5537




Majority of admissions received ward based care (n=451, 81%) with 19% (n=106) requiring PICU. Admission numbers
increased from 149 in 2014-2015 to 236 in 2016-2017. The proportion of children with a co-morbidity decreased from
18.8% in 2014-2015 to 12.3% in 2016-2018. Overall, 83.7% (n=466) of children were born at term (= 37 weeks
gestation). The median (IQR) age on admission and duration of total hospital stay for the whole population group was
10.0 (5.6, 21.9) weeks and 5.0 (3.0, 7.0) days, respectively. Over half of all children had a normal WFA z-score (n=329,
59.1%) and the majority of those with a normal WFA z-score were born at term (n=299, 90.9%), Table 1.

TABLE 1: Study Characteristics

Study participants, n(%) 557 (100%) 451 (81.0%) 106 (19.0%)

Term (2 37 weeks’ gestation) delivery,
n(%)

Age (weeks) on admission, median (IQR)
Weight (kg) on admission, median (IQR)
Weight-For-Age z-score on admission,
median (IQR)

Underweight on admission, n(%)
Co-infection, n(%)

Co-morbidity, n(%)

PEWS on admission to hospital, median
(1QR)

PEWS response on admission: Nurse in
charge n(%)

PEWS response on admission: Urgent
PEWS call n(%)

Required HFNC on the ward, n(%)
Duration (days) of HFNC on the ward,
median(IQR)

Chest x-ray, n(%)

Total duration (days) of hospital stay,
median(IQR)

466 (83.7%)

10.00 (5.57, 21.86)
5.31(4.30, 7.30)
-0.16 (-0.95, 0.61)

129 (23.2%)
79 (14.2%)
96 (17.2%)
2(1,3)
160 (28.7%)
18 (3.2%)

123 (22.1%)
2.00 (1.00, 4.00)

339 (60.9%)
5.00 (3.00, 7.00)

392 (86.9%)°

11.00 (5.86, 24.14)°
5.02(4.13, 7.43)
-0.05 (-0.76, 0.65)°

82 (18.4%)°
66 (14.6%)
73 (16.2%)
3(2, 4)
321 (71.2%)°
5 (1.1%)°

37 (34.9%)*
4.00 (3.00, 5.25)*

235 (52.1%)?
7.00 (5.00, 10.00)?

Admissions during 2014-2015, n(%) 149 (26.8%) 119 (26.4%) 30 (28.3%)
Admissions during 2015-2016, n(%) 172 (30.9%) 145 (32.2%) 27 (25.5%)
Admissions during 2016-2017, n(%) 236 (42.4%) 187 (41.5%) 49 (46.2%)
Male, n(%) 317 (56.9%) 256 (56.8%) 61 (57.5%)
Gestational age at delivery (weeks), 39.00 (37.00, 39.00(37.25, 40.00)? 38.00 (35.75, 39.00)
median (IQR) 40.00)

74 (69.8%)

6.93 (3.96, 11.89)
4.50 (3.89, 5.80)
-0.53 (-2.12, 0.38)

47 (44.8%)
13 (12.3%)
23 (21.7%)
4(2,6)
18 (23.7%)
13 (17.1%)

69 (65.1%)
1.00 (1.00, 1.00)

104 (98.1%)
9.00 (6.00, 11.00)

a: p=<0.001; b: p=<0.05

Differences were noted between cases and controls. A higher proportion of cases had an urgent (27) PEWS score at
the point of admission compared to controls, 17.1% versus 1.1%, p=<0.001. A greater proportion of cases required the
use of HFNC on the wards compared to controls, 65.1% versus 34.9%, p=<0.001, respectively. All cases had lower WFA
z-scores. No statistically significant difference was seen in the proportion of children with co-morbidities across the
two groups.

Age (months), WFA z-score, PEWS response on admission, requiring HFNC on the ward, co-infection and co-morbidity
were all entered into the multivariate logistic model. Overall, PEWS response on admission showed the highest odds
of admission to the PICU. An urgent PEWS call had the highest odds (aOR 38.41 (95% 9.94, 148.37), p=<0.001) of
admission to the PICU when compared to nursing care only being indicated. Children who were underweight had triple
the odds of admission to the PICU compared to children with a normal weight for their age (aOR 3.15 (95% 1.46, 6.79),



p=0.003). Children aged between two to twelve months had reduced odds of admission to the PICU (aOR 0.43 (95%
0.21, 0.87), p=0.02) compared to children younger than two months of age, Table 2.

TABLE 2: Adjusted odds ratio for admission to a PICU with RSV bronchiolitis

<2 months old on admission

<12 months old on admission

<24 months old on admission

Normal weight (Weight-For-Age z-score -1 to +1)
Underweight (Weight-For-Age z-score <-1)

Overweight (Weight-For-Age z-score >1)

PEWS response on admission: Nurse in charge to respond
PEWS response on admission: physician on call to respond
PEWS response on admission: senior physician / consultant to respond
PEWS response on admission: urgent call

Did not require HFNC while on the ward

Required HFNC while on the ward

No co-infection

Co-infection

No co-morbidity

Co-morbidity

Reference
0.43(0.21, 0.87)°
0.30(0.07, 1.23)
Reference

3.15 (1.46, 6.79)°
0.53(0.19, 1.47)
Reference

3.69 (1.79, 7.63)°
20.03 (3.27, 122.54)°
38.41(9.94, 148.37)?
Reference
17.30(8.70, 34.41)°
Reference

1.67 (0.67,4.17)
Reference
1.23(0.51, 2.94)

a: p=<0.001; b: p=<0.05

Results from the multiple linear regression model showed that increased age and WFA z-score on admission decreased
length of stay in the PICU by -0.15 ((95% CI -0.27, -0.03), p=0.02) days and -0.03 ((95% Cl -0.05, 0.00), p=0.05) days,
respectively. Once admitted to the PICU having a co-morbidity increased length of stay by 0.12 (95% Cl 0.004, 0.23)
p=0.04) days, Table 3.

TABLE 3: Multiple linear regression for duration of stay (days) in the PICU

Age (weeks) on admission
Weight-For-Age z-score on admission
Has a co-infection
Has a co-morbidity
Had HFNC on the ward pre-admission to PICU
Paediatric Index Mortality Score Ill on admission to PICU
a: p=<0.001; b: p=<0.05

-0.15 (-0.27, -0.03)°
-0.03 (-0.05, 0.00)®
0.07 (-0.06, 0.20)
0.12 (0.004, 0.23)°
-0.04 (-0.133, 0.05)
0.17 (-0.13, 0.46)

Discussion

This paper is the latest to confirm that RSV bronchiolitis hospitalisation numbers continue to increase with each winter
season. However, we did not find a corresponding rise in admissions to the PICU. We have found that WFA on
admission, for children born both at term and preterm, is a risk factor for both admission to and duration of stay in
the PICU independent of co-morbidities. The literature reports low birthweight as a risk factor for hospitalisation, but
we have demonstrated how a child’s weight at the point of admission influences both their need for and duration of
intensive care”®. Our findings are consistent with previously published research showing that patient numbers reduce
with increasing age™®

Many studies have confirmed that children born preterm have higher rates of admission to PICU2*8, Our study had
significantly higher rates of preterm cases compared to the controls. We found that having a co-morbidity did not
increase a child’s odds of admission to the PICU but did increase their length of stay once admitted to the PICU. This
study demonstrates a decline in the number of children with co-morbidities requiring hospitalisation due to RSV
bronchiolitis. However, the numbers of healthy children being admitted continues to rise. These findings correlate



with other new research studies that report children who require PICU are less likely to have underlying conditions, a
change from previous research in this areal®?, Patients categorised as being high risk due to co-morbidities or
gestational age are offered the palivizumab injection in Ireland. As a result, these patients may experience milder signs
and symptoms that can be managed at home or ward level and may contribute to a seemly steady rise in admission
numbers of healthy children to PICU® The reason for increasing RSV bronchiolitis numbers yearly is unknown with
limited epidemiology data. Preventative strategies such as palivizumab injection for young healthy population groups
needs to be reviewed and assessed to decrease the burden on acute services.

A PEWS score on admission indicating a child requires more than nursing care alone had the highest odds of admission
to the PICU. Although, it should be noted that the confidence interval was wide for most of the PEWS results suggesting
uncertainty as to the true association of PEWS with admission to the PICU. Most admissions to the PICU were based
on an urgent need for increased support and this could suggest that the PEWS was not identifying deteriorating
children. Our findings reflect the EPOCH Randomized Clinical Trial that found implementing a validated bedside PEWS
did not reduce the need for urgent PICU consultations or admissions compared to usual care?.

The need for oxygen therapy has been reported in the literature as a predictor for disease severity with research
reporting RSV bronchiolitis patients were more likely to require HFNC when compared to other respiratory
illnesses*22 |n this study, children had increased odds of admission to PICU following the application of HFNC.
Previous research has been unable to establish if HEFNC is superior to oxygen alone in reducing length of hospital stay?.
We hypothesize that in our study HFNC was applied as an escalation of care prior to the child being transferred to PICU
and not given as a treatment to avoid transfer to the PICU. Further analysis is needed on HFNC as a treatment option
for RSV bronchiolitis.

There are limitations to our study. This is a retrospective, unmatched case-control study which was impacted on the
completeness of medical records for data collected.

This study does highlight that the clinical risk factors associated with PICU admissions are changing. Our cases mainly
consisted of young previously healthy children with only a fifth reporting a co-morbidity. Being underweight,
independent of other risk factors, was the strongest risk factor for admission and duration of stay to the PICU.
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