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« Choisissez un travail que vous aimez,
Et vous n’aurez pas a travailler un seul jour de votre vie. »

Confucius
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ABSTRACT

Background: While 32-mimetics are the cornerstone of treatment for severe acute asthma in
children, the modalities of using IV salbutamol in second-line therapy remain under-
investigated. The main objective was to compare the effectiveness of continuing or not
continuing inhaled salbutamol after its IV introduction in the second-line treatment of
pediatric acute severe asthma.

Methods: A retrospective French two-center study was conducted in children aged 28 days to
18 years with a diagnosis of severe acute asthma admitted between 2010 and 2021 to the
Pediatric Intensive Care Units (PICUs) of Tours and Lille University Hospital. Demographic
characteristics, asthma disease, and PICU stay data (e.g., ventilatory and hemodynamic
support, lengths of stay, p2-mimetic-associated adverse events, follow-up after discharge)
were collected from computerized patient records. The following endpoints were used to
address the primary objective: hospitalization and PICU lengths of stay, characteristics of 1V
salbutamol use (duration and maximum dosage), duration of oxygen dependence and
maximum partial pressure of CO2 (PCO2).

Results: A total of 95 patients were included in the group combining inhaled and IV
salbutamol (IV/inhp2+ - Tours University Hospital) and 114 patients in the group using IV
salbutamol alone (IVB2+ - Lille University Hospital) with a median age of 4 and 4.5 years,
respectively. The two groups were broadly comparable in terms of demographic and clinical
characteristics, reason for transfer to PICU, and severity on admission. The median PICU
length of stay was 2.3 days in the IVP2+ group versus 3 days in the IV/inhf2+ group
(p=0.003). Intravenous salbutamol treatment was used for a significantly shorter duration
when used alone, with a median at 29.4 hours versus 47.4 hours in the IV/inh2+ group
(p<0.001), and at a significantly lower maximum dosage: 1.1ug/kg/min versus 1.7ug/kg/min,
respectively (p=0.001). The median duration of oxygen dependence was 26 hours in the
IVB2+ group versus 42.2 hours in the IV/inhp2+ group (p=0.003). There was no significant
difference between the two groups regarding total length of hospital stay and maximum
PCO2.

Conclusion: This study provides a first estimate in favor of the lack of superior effectiveness
of the continuation of nebulized salbutamol when it is initiated by IV route in the second-line
treatment of children with acute severe asthma. Further prospective studies with larger sample
sizes and standardized protocols are needed to determine the therapeutic value of this strategy.

Keywords: acute severe asthma, beta2-mimetics, salbutamol, nebulizations, intravenous,
pediatric intensive care unit, ventilation, hemodynamic, safety
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INTRODUCTION

Asthma is a major global health problem, affecting more than 300 million people worldwide.
It is the most common chronic pediatric disease!=, ranking among the top 20 chronic
conditions for disability-adjusted life years*, with a mortality rate in children up to 0.7 per
100 000°. It is a complex and heterogeneous immune-mediated inflammatory process
involving genetic predisposition, epigenetic changes and environmental triggers. Pathological
consequences include airway reactivity, bronchospasm, mucosal swelling and mucus
production, leading to airway resistance with reduced air flow®’. Its evolution is characterized
by exacerbations with non-specific symptoms, representing one of the main reasons for
emergency room visits (up to 20% in autumn or winter), the leading cause of school
absenteeism and the leading cause of hospitalization®. Secondary to a severe bronchial
obstructive syndrome, status asthmaticus or severe asthma exacerbation, is defined by the
Societe de Reanimation de Langue Francaise (SRLF) as "an asthma exacerbation likely to be
life-threatening and/or requiring urgent management"®. The pharmacodynamic properties of
inhaled short-acting p2-agonists such as salbutamol*® (short onset of action of few minutes
with long duration of action ~4 — 6 hours) combined with their efficacy and safety profiles
make them the cornerstone of treatment for acute exacerbations, intermittently or
continuously, in combination with systemic steroids and anticholinergics, both in outpatient
and inpatient settings'!-1°,

To our knowledge, there is no clear recommendation on the use of adjunctive therapies in
second-line management®2°, such as intravenous (IV) B2-mimetics, leaving it to each
Pediatric Intensive Care Unit (PICU) to determine the modalities for implementing
therapeutic escalation?t?2, Indeed, several French centers, such as ours in Tours, continue
nebulizations after the introduction of 1V salbutamol, while others such as Lille stop them.
Although a synergistic or at least additional effect can be assumed when combining the two
routes of administration, the usefulness of the inhaled route may nevertheless be questioned
when major bronchospasm with bronchial obstruction could prevent the nebulized drug from
reaching the airways. However, the few data available?, especially in children®*-2’, suffer
from several limitations, such as small sample size?®3!, the absence of a comparator
group?”?8, the use of surrogate endpoints?’312 and the lack of safety data®. Finally, no study
has compared the two approaches in a comprehensive manner, either in terms of
hospitalization parameters, ventilator and/or hemodynamic support use.

Given the lack of clear guidance despite the high prevalence of status asthmaticus in children,
its potential burden in terms of mortality and public health, and the common use of drugs with
a narrow therapeutic index, an evaluation of this second-line management through the conduct
of a French two-centre observational study seemed particularly relevant. The main objective
was to compare the effectiveness of continuing (IV/inhf2+ group) or not continuing (IVB2+
group) inhaled salbutamol after its IV introduction in the second-line management of acute
severe asthma in children. The secondary objectives were to describe the occurrence of
complications and to assess the safety profile of each therapeutic strategy.
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METHODS

Design and Settings

This observational and retrospective study was conducted in the two following French PICUs:
Clocheville Hospital of Tours University Hospital and Jeanne de Flandre Hospital of Lille
University Hospital.

Population

We collected data from all the children aged 28 days to 18 years with a diagnosis of status
asthmaticus according to the SRLF criteria®, admitted to a PICU at one of the participating
centers, and requiring treatment with IV B2-mimetics. The doses used for IV salbutamol
(continuous infusion) were the same in the two centers from 0.5 to 5ug/kg/min. In Tours
University Hospital, the protocol for administration of nebulized salbutamol was 1.25mg to
5mg depending to age and/or weight.

As the expected number of patients was approximately 100 per group, patients were
retrospectively included between January 01, 2010 (Tours) or January 01, 2012 (Lille) until
January 01, 2021 (Tours and Lille).

If a child was eligible for the study for multiple stays, the first was included in the study.
Children from Lille University Hospital who received both inhaled f2 and IV salbutamol
were excluded as were those from Tours University Hospital who received 1V salbutamol
alone. Children whose families expressed their refusal, according to the procedure applicable
at each center, were also excluded from the study.

Data source and collection

Data were collected by analyzing the history of computerized patient records.

The following data were extracted: demographic characteristics, familial and personal medical
history especially for asthma (e.g., trigger(s), atopy), data of PICU stay (e.g., trigger, pre-
hospital care, medical management, ventilation and hemodynamic supports), occurrence of
B2-mimetics-associated adverse events, PICU and hospital lengths of stay and follow-up data
such as recurrence after hospital discharge.

Objectives and Outcomes

The main objective was to compare the effectiveness of continuing (IV/inhp2+ group) or not
continuing (IVP2+ group) inhaled salbutamol after the introduction of 1V salbutamol in the
second-line management of acute severe asthma in children in terms of duration of use and
maximum dose of IV salbutamol, length of PICU stay, length of hospitalization, duration of
oxygen dependence and maximum of partial pressure of CO2 (PCO2).

The secondary objectives were to describe the occurrence of complications, namely the use of
third- and fourth- lines of treatment: ventilation support, hemodynamic support,
hemofiltration, extracorporeal membrane oxygenation (ECMO) and to describe the
occurrence of P2-mimetics-associated adverse events: tachycardia, hyperlactatemia (> 2
mmol/l), hypokaliemia (< 3.5 mmol/l), hyperglycemia (> 11 mmol/l) and tremors.
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Our a priori hypothesis was that the combination of the two routes of administration would
result in better efficacy but at the cost of a potentially less favorable safety profile.

Statistical analyses

Categorical variables are presented as absolute number (percentage). Continuous variables
were described by the mean + standard deviation (SD) in case of a normal distribution, or as
median [interquartile range (IQR)] in the opposite case. The normality of the distributions was
assessed graphically by histograms and Shapiro-Wilk test. Qualitative variables were
compared by Chi-square or Fisher exact test as appropriate. The Mann-Whitney U test was
used to compare continuous variables. Two-sided P values of less than 0.05 were considered
to indicate statistical significance. SAS software (version 9.4) was used for the statistical
analyses.

Ethical issues

The protocol was approved by the institutional review board of Tours University Hospital.
The study was registered under number F20210813160008 in the data processing register and
complies with the Commission Nationale de I’Informatique et des Libertés (CNIL). Patients
and their families were informed through posters available in the PICUs (Supplementary
Appendix 1).

17



RESULTS

Demographic, familial and personal characteristics of the children

A total of 95 patients were included at Tours University Hospital (IV/inhf32+ group) and 114
patients at Lille University Hospital (IVB2+ group) (Figure 1).

Table 1 summarizes the characteristics of the children at inclusion. The male-to-female ratio
was 1.21 in the IV/inhp2+ group and 1.65 in the IVB2+ group. No statistically significant
difference was found between the two groups regarding familial and personal history of atopic
disease. A total of 18% of children (17/94) in the IV/inhp2+ group and 14% of those (16/114)
in the IV B2+ group were included for inaugural severe acute asthma (p=0.43).

Characteristics of the children at PICU admission

A trigger was found in 74% of cases (n=70) in the IV/inhp2+ group versus 71% (n=81) in the
IVB2+ group (p=0.67), and was predominantly infectious in children at each center. The
department of origin and reason(s) for transfer to PICU are shown in Figures 2 and 3.

Inhaled salbutamol was initiated by the family in 63% of children (58/92), including 36%
(18/50) according to an available protocol in the IV/inhf2+ group; and in 75% of children
(83/111), including 46% (36/79) according to an available protocol in the IVB2+ group
(p=0.07 and p=0.28, respectively). There was no statistically significant difference in severity
scores between the two groups. Table 2 shows the main clinical and paraclinical
characteristics of children at PICU admission.

Regarding medical care before PICU admission, nebulized p2-mimetics had already been
initiated in 98% of cases (92/94) in the IV/inhp2+ group and in 96% of cases (104/108) in the
IVB2+ group (p=0.69), mainly through a continuous delivery mode. Intravenous salbutamol
had already been initiated for 47% (n=45) of children in the IV/inhp2+ group versus 51%
(n=58) in the IVP2+ group (p=0.61). There was no statistically difference between the two
groups with respect to respiratory, hemodynamic or anti-infectious supports.

One patient in the IVP2+ group needed a cardiopulmonary resuscitation because of a
cardiorespiratory arrest to management. Table 3 displays characteristics of medical support at
admission to PICU.

Primary objective

The median PICU length of stay was 2.3 days (IQR, 1.5-3.4) for the IVp2+ group versus 3
days (IQR, 2-4.8) for the IV/inhp2+ group (p=0.003). The median hospital length of stay was
6.6 days (IQR, 4.8-10.2) in the IVP2+ group versus 6.2 days (IQR, 4.6-9) in the IV/inhp2+
group (p=0.18). The duration of IV salbutamol use was significantly shorter when used alone
with a median of 29.4 hours (IQR, 14.7-41.1) in the IVP2+ group compared to 47.4 hours
(IQR, 29-95) when nebulizations were continued (p<0.001). The maximum dosage was
significantly lower (p=0.001) in the IVB2+ group (1.1pg/kg/min; IQR, 0.7-2) than in the
IV/inhp2+ group (1.7pg/kg/min; IQR, 0.9-3). There was no significant difference in
maximum PCO2 between the two groups. The median duration of oxygen dependence was
significantly shorter (p=0.003) in the IVB2+ group with a median of 26.0 hours (IQR, 11.9-
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62.5) than in the IV/inhf32+ group (median, 42.2 hours; IQR, 26-107.2). Primary outcomes are
shown on figures 4 and 5.

Other features of second-line pharmacological support for children during their PICU stay are
presented in Table 4.

Secondary objectives

Occurrence of complications

A total of 99% of children (n=94) in the IV/inhp2+ group and 98% (n=112) in the IVp2+
group required ventilatory support, mostly non invasive. Vascular filling was used in 33% of
children (n=31) in the IV/inhf2+ group versus 20% of those (n=23) in the IVP2+ group
(p=0.04). A total of 9% of children (n=9) in the IV/inhf32+ group versus 6% of those (n=7) in
the IVB2+ group needed hemodynamic support by amines (p=0.37). ECMO was required in 1
and 2 patients from Tours and Lille centers, respectively. There was no statistically significant
difference between the two groups concerning the occurrence of superinfection or secondary
sepsis. Mortality rates were not statistically different (p=0.66) between the two groups: 3%
(n=3) versus 2% (n=2) in IV/inhp2+ group and IVP2+ group, respectively. Table 5 displays
the occurrence of complications during the stay in PICU.

Safety profile of f2-mimetics

There was no significantly difference between the two groups in the occurrence of potentially
B2-mimetics-related adverse events, with all children experiencing at least one (Table 6). The
prevalence of tremor was not described because it was not reported in any patient in our
cohort.

Follow-up of children after discharge from hospital

After discharge from the PICU, children were transferred to peripheral hospitals in 2% (2/92)
of the IV/inhp2+ group and 27% of the IVB2+ group (30/112) (p<0.001). The episode leading
to hospitalization motivated the initiation or modification of background therapy in 90% of
patients (80/89) in the IV/inhp2+ group and 86% of patients (77/90) in the IVP2+ group
(p=0.38).

A total of 91% of children (41/45) had a new exacerbation after discharge in the I'V/inhf2+
group and 93% (55/59) in the IVP2+ group (p=0.69), requiring hospitalization in 50%
(n=20/40) and 71% (36/51), respectively (p=0.05). For these patients, PICU admission was
reported in 15% (n=6) of the IV/inhf32+ group compared to 38% (n=20) of the [VB2+ group
(p=0.01).
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DISCUSSION

In this real-life study comparing children who continued (n=95) or stopped (n=114) nebulized
therapy after initiation of IV salbutamol in second-line treatment of severe acute asthma over
a period of more than 10 years, discontinuation of nebulizations was associated with a
significantly shorter PICU length of stay (p=0.03), duration of salbutamol IV use (p<0.001),
lower maximum dose of IV salbutamol (p=0.001), and duration of oxygen dependence
(p=0.003). Of note, the two groups were broadly comparable at inclusion, in terms of
demographic characteristics, reason for transfer to PICU and clinical severity at admission
(e.g., PIM3 and PELOD scores). Similarly, the variables relating to the characteristics of the
asthmatic episode and/or the asthmatic disease were both balanced between the two groups
and in agreement with the literature such as trigger which was mainly infectious, as already
described for pediatric asthma exacerbations in general®,

These results challenge the added value of combining the two routes of administration in
severe exacerbations, as expressed in our hypothesis. This assumption was based on the
substantial variability in the pharmacokinetics of nebulized salbutamol**=¢, especially since
several bronchial obstruction makes drug deposition even unpredictable?®. Other arguments
for combining these two routes of administration were that nebulized salbutamol
administration is safe, it is a well-approved route of administration in the literature!*2%  an
additive effect is expected, and it is the route of administration clearly recommended by the
SRLF®. In line with this hypothesis, several studies have found a gain in efficacy when the
two routes are combined, as reported in a Cochrane review published in 20123, Indeed, in a
double-blind placebo-controlled randomized trial, Browne et al., 2% showed that children
receiving, in addition to nebulizations of salbutamol and corticosteroids, a single-dose 1V
salbutamol bolus within the first two hours of emergency department management of children
with acute severe asthma (n=14), had a more rapid recovery time to discharge from the
emergency department and the need for supplemental oxygen. Similarly, Bogie et al.,? found
a trend toward improvement with the use of IV terbutaline in combination with continuous
high-dose nebulized salbutamol, ipratropium, and systemic corticosteroids in a randomized
double-blind trial in children aged 2 to 17 years. In addition, a study from 2006%! showed that
the response to IV terbutaline associated to continuous nebulized albuterol was significantly
influenced by the use of a standardized protocol of administration, in terms of PICU length of
stay and hospital costs.

In the light of our results, it nevertheless seems important to question the real interest of
combining two routes of administration for the same drug. Indeed, it can be assumed that
when administered 1V at an effective dose, the reuptake of salbutamol by the lungs is
sufficient to achieve a tissue concentration capable of inducing effective bronchodilation
without the need for additional administration by nebulization, the limitations of which have
been described above. Furthermore, the IV route appears as a safe route of administration
when bronchospasm is major and the child's compliance not optimal, a frequent situation in
cases of severe exacerbations, with sometimes very agitated children in whom "forced"
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administration of aerosols may be difficult and have more risk than benefit (e.g., respiratory
exhaustion, loss of vascular access). In addition, Cheong et al.®* showed that nebulized
salbutamol had significantly lower efficacy than a strategy with IV salbutamol after one
nebulization of salbutamol in an add-on (nasal oxygen and hydrocortisone succinate)
randomized double-blind trial in adults with severe acute asthma. The results of this study, as
well as own, raise the question of a possible tachyphylaxis with compromised therapeutic
effect as previously reported with the chronic administration of P2-agonists®**, This
hypothesis is supported by the fact that, in our study, the dosages of IV [2-mimetics were
significantly lower when this route was used alone. In addition to its impact on the inter-
individual phenotypic variability of asthma and especially on the response to IV [2-
mimetics*?, the B2-adrenoreceptor polymorphisms (loci 16 and 27 gene)** have also been
involved in this tachyphylaxis phenomenon*’“8. Another hypothesis would be a loss of
selectivity in case of high plasma concentration with a secondary activation of al-
adrenoreceptors of the smooth muscle of the airways, known to cause a bronchoconstriction*®
which could then reduce the effectiveness of the anti-asthmatic treatment.

On the other hand, while the average PICU length of stay was shorter in the center using only
IV salbutamol (i.e., Lille), the overall length of stay was not significantly different between
the two groups. Therefore, the children in Lille University Hospital were more likely to stay
in a conventional ward, which can reduce in particular the risk of psychological impact
inherent in a PICU stay on families. Nevertheless, this interpretation must be qualified,
because we cannot exclude that the number of continuous monitoring beds available in
conventional service was different between the two groups. Finally, the duration of oxygen
dependence was significant shorter in the IVB2+ group (26 hours, IQR 11.9-62.5) compared
to the IV/inhp2+ group (42.2 hours, IQR 26-107.2) (p=0.003), which may indirectly reflect
earlier clinical respiratory improvement.

Regarding to our secondary objectives, there was no significant difference in the proportion of
third- and fourth line treatments. Almost all the children received ventilatory support and
whereas no statistical difference was found concerning non-invasive or invasive ventilation,
patients, in the IVP2+ group had significantly higher use of high-flow nasal cannula (HFNC)
therapy compared with those in the IV/inhp2+ group (71% versus 41% of cases, respectively;
p<0.001), what can appear discordant with the idea that this way of ventilation facilitates the
administration of aerosols; but during a shorter period and without any difference concerning
maximal FiO2 (in our practice oxygen dependence is higher after nebulizations, although we
found no data in the literature to support this finding). Several studies have highlighted the
interest of the ventilatory support in severe acute asthma, decreasing signs of work of
breathing such as respiratory rate, accessory muscle use, and dyspnoea with good safety and
tolerability®®°, but only one looked at its use with IV B2agonist®®, showing that early
administration of continuous terbutaline could decrease the need for mechanical respiratory
support. About hemodynamic support, in our study vascular filling was used more often in the
IV/inhB2+ group compared to the IVP2+ group (p=0.041). Moreover, the recourse to
ventilation and the type of hemodynamic support if needed also depend on practice patterns
between centers and within centers between practitioners (e.g., systematic vascular filling at
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admission like second line treatment or real necessity during the PICU stay because of a
hemodynamic instability), so it is therefore difficult to draw a conclusion. There was no
significant difference in the use of amines or ECMO. We did not found any statistically
significant difference concerning mortality. However, it should be noted that our study was
underpowered to compare these hard endpoints and the lack of literature on these parameters
as evaluation criteria does not allow us to put them into perspective.

Concerning the safety profile, the combined use of both routes was associated with the higher
prevalence of adverse events requiring specific treatment such as hypokalemia and
hyperglycemia. Nevertheless, these results should be treated with caution. Indeed, biological
adverse event duration (e.g., hyperlactatemia) was determined by the time between the date of
the abnormal value and the date of the first normal value, thus depending of the frequency of
biological monitoring. Hypokalemia was defined as potassium below 3.5mmol/l, but lead to
specific management if below 3.5mmol/I in the IV/inhp2+ group (consisting of IV refills of
ImEqg/kg maximum 10mEq over 3 hours) and below 3mmol/l in the IV[32+ group (consisting
mainly of 1V supplementation directly into the infusion, some cases of 1V refills). Finally,
data concerning the safety of [2-agonists in the literature are diverse and quite
discordant38:56:57,

Regarding to those considerations, however, it is clear that other factors must be taken into
account when interpreting our results, such as the influence of the timing of care particularly
IV salbutamol treatment, associated medical care or pre-hospital care. Firstly, in the studies
that showed a benefit of 1V salbutamol, it was introduced very early, sometimes as soon as the
patient was admitted to the emergency department?~26, which is very different from the
practices studied in Tours and Lille; although we did not found any significantly difference
between the two groups. Secondly, it seems that the time to medical referral was longer in
Tours University Hospital, what means longer delay of medical management and therefore a
higher risk of treatment failure; unless this is solely related to the smaller number of available
peripheral hospitals. As an argument for an earlier management in Lille, 13% of patients
(n=15) were transferred directly from home in the IVp2+ group, compared to 2% (n=2) in the
IV/inhB2+ group (p<0.001). Concerning the medical management associated with IV
salbutamol, it seems that during the pre-hospital management in Lille, other nebulizations
(ipratropium) and administration of magnesium sulfate were more prevalent, which
corresponds to a more optimal first-line management in accordance with the
recommendations and could lead to an earlier improvement of the symptomatology. Finally,
and although a reporting bias cannot be excluded, another important point concerned the
existence of an available home exacerbation protocol, which was significantly higher in Lille
than in Tours (63% versus 27% of patients, respectively). In addition, the existence of a
background treatment was more frequently reported in Lille (68%) compared with Tours
(51%). All these observations can be interpreted as if Lille patients were better supervised,
which may have consequences on the speed of appropriate management in case of (severe)
exacerbation.

The main limitations were our relative low sample size and biases linked to the retrospective
nature of the study. It is also important to note that we collected data on non-standardized
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management (e.g., biological monitoring) and that some variables of interest had missing
data. For all these reasons, it is difficult to draw a definitive conclusion in terms of
effectiveness even if this study provides a comprehensive picture that can support a
prospective assessment of the comparative effectiveness of these two strategies. Further
studies with larger samples sized evaluating strategies according to more standardized
protocols for management (e.g., time to instauration, dosing) and assessment of the disease
(e.g., Pediatric Respiratory Assessment Measure (PRAM)®°%; Supplementary Appendix 2)
are needed to more reliably assess the superiority of one type of management in terms of
effectiveness and safety.

CONCLUSION

This study, the first in the literature comparing the management of acute severe asthma
between two French PICUs, provides a first estimate in favor of the lack of superior
effectiveness of the continuation of nebulized salbutamol when it is initiated by 1V route in
the second-line treatment of children with acute severe asthma. Further prospective studies
with standardized protocols are necessary to establish specific recommendations about the
second-line treatment of acute severe asthma in children, whose impact in terms of morbidity,
mortality and public care cost could be major.
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TABLES

Table 1 | Characteristics of children at inclusion

Inlr\1/aI'22dBZ (II I‘/]ﬁ’gi) -value
(IV/inhf32+) g P
_ n=114
n=295
Demographical characteristics
Sex, males, n (%) 52 (55) 71 (62) 0.27
Age, years, Median [IQR] 4.0 [1.4-8.2] 4.5[1.9-10.7] 0.18
Weight, kgs, Median [IQR] 15 [10-28] 18 [11-33] 0.07
Prematurity, n (%) 21 (22) 22 (19) 0.62
Term of birth if prematurity, weeks of amenorrhea,
Median([IOR] 33 [30-34] 31.5[29-35] 0.75
History of atopic disease
Familial n=_84 n =298
Asthma, n (%) 47 (56) 54 (55) 0.91
Atopy other than asthma, n (%) 17 (20) 20 (20) 0.98
. 19 (25) 20 (21)
0,
Existence of an allergen found, n (%) n=76 n=97 0.49
Personal n=94 n=114
Asthma, n (%) 77 (82) 98 (86) 0.43
Atopy other than asthma, n (%) 16 (17) 25 (22) 0.36
Existence of an allergen found, n (%) 18 (19) 31 (27) 0.16
Personal characteristics of asthma n=77 n =298
Age at diagnosis, months, Median [IQR] 133 [61'9'33'5] 234 [7_'7'76'1] 0.23
n=238 n=42
Type of asthma n=39 n=2_82
Infectious 30 (77) 63 (77) 0.66
Allergic 4 (10) 12 (15)
Mixed 5(13) 7 (8)
. T . 41 (55) 55 (59)
0
History of hospitalization for exacerbation, n (%) n=14 0 =94 0.69
History of PICU hospitalization for exacerbation, 11 (14) 15 (15) 0.88
n (%) n=76 n=98 ’
Frequency of SABAs use n=12 n=28
Daily 0/12 (0) 9/28 (32)
Weekly 2/12 (17) 3/28 (11) 0.04
Monthly 7/12 (58) 13/28 (46)
Yearly 3/12 (25) 1/28 (4)
> Yearly 0/12 (0) 2/28 (7)
. . 10 (27) 52 (63)
0
Exacerbation protocol available at home, n (%) n=37 n=23 <0.001
38 (51) 67 (68)
Background treatment, n (%) n=175 0 =98 0.02
Chronic respiratory failure, n (%) 3(3) 4(4) 0.9
Ventilator support at home, n (%) 0/3 (0) 2/4 (50) 0.43

kgs: kilograms
PICU: Pediatric Intensive Care Unit
SABAs: Short-Acting B(2)Agonists
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Table 2 | Clinical and paraclinical characteristics of children at PICU admission

IV B2 + Inhaled f2 IV B2
(IV/inhf2+) avpz+) p-value
n=95 n=114
Severity scores
. 1.25[0.5-3] 1.1 [0.4-1.7]
PIM 2, Median [IQR] n =80 N =63 0.47
. 0.3 [0.2-0.6] 0.23[0.18-0.57]
PIM 3, Median [IQR] n=15 n=70 0.51
. 0.1[0.1-0.2] 0 [0-3]
PELOD 2, Median [IQR] n=17 n =81 0.71
Constants at admission n=95 n=113
Heart rate, bpm, +/- SD 168.4 +/- 26.6 157.1 +/-25.9 0.002
Respiratory rate, rpm, +/- SD 38.8 +/- 13.8 37.8 +/- 16.3 0.63
Systolic blood pressure, mmHg, +/- SD 116.2 +/- 17.9 111.8 +/-14.5 0.06
Diastolic blood pressure, mmHg, +/- SD 64.5 +/- 19.1 71.5+/-15.2 0.004
Mean blood pressure, mmHg, +/- SD 78.9 +/-17.8 85.02 +/- 13.9 0.01

Temperature, °C, Median [IQR]

37.2[36.7-37.9]

37.4[36.8-37.8]  0.75

Blood gas at admission (arterial, venous, capillary)

pCO2, mmHg, Median [IQR] 37 [32-46] 44 [36-59] 0.001
. 21.3[12-36] 22 [5.2-34.6]
HCO3, mmol/l, Median [IQR] n=oa n=114 0.08
. 2.4 [0.8-9.6] 2.5[0.52-18.2]
Lactate, mmol/l, Median [IQR] n=91 =82 0.63
. . 4.4[3.7-5.1] 3.6 [3-4.3]
Potassium, mmol/l, Median [IQR] =92 n=75 <0.001
Pulmonary radiography n =294 n=111
Abnormality, n (%) 87 (93) 110 (99) 0.03
Thoracic distension 85/87 (98) 85/110 (77) <0.001
Atelectasis 5/87 (6) 11/110 (10) 0.28
Pneumopathy 21/87 (24) 15/110 (14) 0.06
Bilateral alveolar-interstitial opacities 18/87 (21) 13/110 (12) 0.09
Pneumothorax / Pneumomediastinum 1/87 (1) 6/110 (6) 0.14

PIM: Pediatric Index of Mortality

PELOD: Pediatric Logistic Organ Dysfunction
bpm: beats per minute

rpm: respiration per minute

SD: standard deviation

pCO2: partial pressure of CO2
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Table 3 | Medical support of children at PICU admission

IV B2 + Inhaled f2 IV B2
(IV/inhf2+) avpz+) p-value
n=95 n=114
Pharmacological support
Other nebulization(s), n (%) %8 (01 7 0.01
Ipratropium 50/58 (86) 86/87 (99) 0.003
Inhaled corticoids 11/58 (19) 10/87 (12) 0.21
Terbutaline 9/58 (16) 5/87 (6) 0.05
Adrenaline 8/58 (14) 4/87 (5) 0.07
. . . 89 (94) 108 (96)
Systemic corticosteroids, n (%) n=95 =113 0.54
20 (21) 44 (39)
MgSOs, n (%) =095 =113 0.005
Hemodynamic support
Vascular filling, n (%) 22 (23) 18 (16) 0.18
Amines, n (%) 4(4) 1(1) 0.18
Norepinephrine 1/4 (25) 0/1 (0) 1.0
Epinephrine 4/4 (100) 1/1 (100) -
Anti-infectious support
Antibiotic treatment, n (%) 27 (28) 24 (21) 0.22
Respiratory support
Oxygen dependency, n (%) 22 glgg) : =nsz9 4(3 8) 1.0
FiO2, %, Median [IQR] 80 [52-100] 55 [43-85] 0.32
HFNC therapy, n (%) 10 (11) 25 (22) 0.03
Non -invasive ventilation, n (%) 6 (6) 1(1) 0.03
CPAP 1(17) 0(0) 1.0
BiPAP 5 (83) 1 (100)
Invasive ventilation 13 (14) 14 (12) 0.03

HFNC: High Flow Nasal Cannula
CPAP: Continuous Positive Airway Pressure
BiPAP: Bi-level Positive Airway Pressure
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Table 4 | Second line pharmacological support of children during PICU stay

IV B2 + Inhaled B2 IV g2
(IV/inhf2+) avpz+) p-value
n=95 n=114
Pharmacological support

Ipratropium, n (%) 81 (85) 61 (54) <0.001

Duration, hours, Median [IQR] 48.3 £12.2é57.4] 195 r[19.:6;62.4] 0.07

Continued on discharge, n (%) ":’13:(1;? ?17:(66%) 0.02
Inhaled corticoids, n (%) 71 (75) 18 (16) <0.001

Duration, hours, Median [IQR] 0 i 1 0.38 [2'335'12'7] -
Continued on discharge, n (%) ?19:(%%) %13:(71%) 0.001
Systemic corticosteroids, n (%) 95 (100) 113 (99) 1.0

Duration, hours, Median [IQR] 92.5 [:3;'51-;41'2] 186.4 ElZBéSSS.l] 0.01

Maximum dosage, mg/kg/day, Median [IQR] i [:2_;;;" nzz[zlg 0.77

Continued on discharge, n (%) 19:(%91) }102 371) 0.01

MgSQO., n (%) 14 (15) 16 (14) 0.89

MgSO4: Magnesium Sulfate
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Table 5| Occurrence of complications during PICU stay

IV B2 + Inhaled p2 IV B2
(IV/inhf2+) avpz+) p-value
n=95 n=114
Necessity of respiratory support, n (%) 94 (99) 112 (98) 1.0
HFNC therapy, n (%) 39 (41) 79 (71) <0.001
Duration, hours, Median [IQR] 40.1[29.8-51] 25.5[15.7-43] 0.01
Maximal FiO2, %, Median [IQR] 45 [30-60] 40.1[29.8-51] 0.05
Non invasive ventilation, n (%) 18 (19) 12 (11) 0.09
CPAP 1(6) 1(9) 1.0
BiPAP 16 (94) 6 (55) 0.02
Duration, hours, Median [IQR] 28'?] [:6'37-70] 12n[5:-11%'8] 0.34
Maximal PEEP, cmH20, Median (IQR) ?1 [:5'165] i [:3170] 0.74
Maximal FiO2, %, Median [IQR] v n[6:0'115001 68 n[6:O'11100] 0.69
Invasive ventilation, n (%) 22 (23) 24 (21) 0.74
Duration, hours, Median [IQR] 3.9[1.73-6.23] 1.1[0.59-7.42] 0.10
Maximal PEEP, cmH20, Median [IQR] i [:4'261] 5 LSE'Z%S] 1.0
Maximal FiO2, %, Median [IQR] lOOn[EOZ—;OO] % n[6:0'21300] 0.23
- . 31 (34) 26 (24)
0,
Ventilation support at discharge, n (%) n=91 =110 0.10
Necessity of hemodynamic support
Vascular filling, n (%) 31 (33) 23 (20) 0.04
Number 2[1-2] 2 [1-2] 0.51
Amines, n (%) 9(9) 7 (6) 0.37
Norepinephrine 6/9 (67) 6/7 (86) 0.59
Epinephrine 2/9 (22) 217 (29) 1.0
Dobutamine 0/9 (0) 0/7 (0) -
Dopamine 0/9 (0) 0/7 (0) -
Milrinone 3/9 (33) 1/7 (14) 0.59
Duration, hours, Median (IQR) 25'?][307_68] 23'7r£1:5'§_46] 0.72
ECMO, n (%) 1(1) 2(2) 1.0
Other, n (%) 9(9) 10 (9) 0.86
Infectious complications
Respiratory superinfection, n (%) 43 (45) 47 (41) 0.56
Duration of antibiotic treatment, days, Median [IQR] 2.2 [2281_;' 7] 4'653:':;29'4] 0.052
Secondary sepsis, n (%) 2(2) 3(3) 1.0
Miscellaneous
Need for fasting, n (%) 94 (99) 114 (100) -
. . . 36 [24-48] 23.1[12.7-46.3]
Duration of fasting, hours, Median [IQR] =88 =103 <0.001

HFNC: High-Flow Nasal Cannula

CPAP: Continuous Positive Airway Pressure
BiPAP: Bi-level Positive Airway Pressure

PEP: Positive End-Expiratory Pressure

ECMO: ExtraCorporeal Membrane Oxygenation




Table 6 | Occurrence of adverse events related to p2-mimetics

IV B2 + Inhaled B2 IV B2
(IV/inhf2+) avpz+) p-value
n=95 n=114
Occurrence of adverse event, n (%) 95 (100) 114 (100) -
Tachycardia, n (%) 93 (98) 112 (98) 1.0
. . 47.2 [30.5-72.6] 42.1[28.7-56.3]
Duration, hours, Median [IQR] n=86 n=90 0.35
Hypokalemia, n (%) 36 (38) 57 (50) 0.08
- . 3.1[2.9-3.2] 3[2.8-3.2]
Minimum value, mmol/l, Median [IQR] n=36 n=36 0.13
Clinical symptoms of severity 0 (0) 0 (0) -
Necessity of specific management 26 (72) 24 (42) 0.005
Hyperlactatemia, n (%) 62 (65) 69 (61) 0.48
. . 14 [9-26] 9.8 [3.3-16.8]
Duration, hours, Median [IQR] n=59 n=67 0.001
Maximum value, mmol/l, Median [IQR] 4.85[3.2-5.9] 4 [2.8-6.6] 0.47
Hyperglycemia, n (%) 88 (93) 95 (84) 0.06
Maximum value, mmol/l, Median [IQR] 14.8 [11.9-17.8] 14.9[12.7-17.4] 0.71
Insulin therapy 8(9) 2(2) 0.05
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FIGURES

TOURS UNIVERSITY HOSPITAL

LILLE UNIVERSITY HOSPITAL

|

158 eligible patients

|

37 excluded patients
(no IV Salbutameol)

228 ehgble patients

77 excluded patients
(no I'V Salbutamol)

101 patients received IV Salbutameol

151 patients received IV Salbutamel

6 excluded patients
(several potentially
mecludable PICT stays)

95 included patients

19 excluded patients
(several potentially
includable PICT stays)

r

18 excluded patients
(no IV Salbutamol
alone)

Figure 1 | Flow chart of the study

(eligible patients = patients selected from computer coding: “acute severe asthma”)

114 included patients
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TOURS UNIVERSITY LILLE UNIVERSITY

HOSPITAL (1V/inhp2+, n = 95) HOSPITAL (IVB2+, n = 114)

Already admitted to PICU t Already admitted to PICU
Home Home

Medical department of PH Medical department of PH
Medical department of UH Medical department of UH
Emergency department of UH Emergency department of UH
Emergency department of PH Emergency department of PH

0 10 20 30 40 0 10 20 30 40

Figure 2 | Original department before transfer to PICU (%) (p<0.001)
(PH: Peripheral Hospital; UH: University Hospital)

TOURS UNIVERSITY HOSPITAL (1V/inhp2+, n = 95)

Peak Flow < 50% N

Subcutaneous emphysema / Pneumomediastinum / Pneumothorax
Breathing pauses

Hemodynamic disorders

Abolished vesicular murmur

History of status asthmaticus treated in PICU

Disturbances of consciousness

Age < 2 and signs of seriousness

Aggravation or non -improvement despite well-conducted therapy

0 20 40 60 80 100 120

LILLE UNIVERSITY HOSPITAL (IVB2+, n = 114)

Peak Flow < 50% N

Subcutaneous emphysema / Pneumomediastinum / Pneumothorax
Breathing pauses

Hemodynamic disorders

Abolished vesicular murmur

History of status asthmaticus treated in PICU

Disturbances of consciousness

Age < 2 and signs of seriousness

Aggravation or non -improvement despite well-conducted therapy

0 10 20 30 40 50 60 70 80 90 100

Figure 3 | Reasons for transfer to PICU (%)
(10% of children in the first group had > 2 reasons of transfer, versus 14% in the second group;
p=0.325)
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\ Inhaled p2* started at 0 hour [0-170]

6.2 days [1.5-36.6]

Tours
n=95
) G ' IV B2* initiated at 30 mimutes [0.1-61] .
’ |l IV B2 :47h[0.5-571] ’
First symptoms Start of hospitalization End of hospitalization

|
!
!
!
!
= I. |
. I

I

- v |

I

i

i

%

\IV B2* initiated at 2 hours [0.2-74] .
IV B2+ : 20 h [1-259]

- ]

6.6 days [2.5-48.5]

Inhaled p27 started at 26 hours [2.7-303]

Figure 4 | Time to care, treatment and length of stay
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Figure 5 | Boxplots
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Figure 6 | Supplementary file 1 - Information note to patients and families available at Tours
University hospital

"La Recherche

est I'une des trois missions du CHRU "

INFORMATION AUX PATIENTS

Utilisation des données de sante
pour larecherche et I'évaluation

L es données de votre dossier médical (ou de votre enfant) recueillies dans le cadre du

] . N s A PN ) o :

soin peuvent étre amenées a étre réutilisées a des fins de recherche et d’évaluation,
notamment via le centre de données cliniques du CHRU de TOURS, en collaboration
avec les CHU du Grand Ouest. Ce dispositif informatisé, permet le traitement de vos
données médicales dans le respect des regles éthiques, juridiques et déontologiques.
Vos données pourront étre croisées avec celles d’autres sources, telles que le systeme
national des données de santé de I'’Assurance-Maladie. Dans tous les cas, seules des
personnes soumises au secret professionnel peuvent accéder a vos données, sous la
responsabilité d’'un médecin de I'établissement.

— ( :onformément aux dispositions de la loi « Informatique et Libertés » (loi du 6 janvier
1978 modifiée*) et du RGPD**, toute recherche sur les données vous concernant
sera conduite conformément aux dispositions législatives et réglementaires en vigueur.

Les analyses sont toujours réalisées dans le respect des régles de confidentialité sur
des données codées sans mention des noms et prénoms et les résultats sont produits
sous une forme agrégée qui ne permet en aucun cas de vous identifier. Il est également
possible que vous soyez recontacté par le service qui vous a pris en charge pour vous
proposer de participer a une nouvelle recherche.

—— D ans tous les cas (conformément a la loi Informatique et Libertés révisée et au RGPD),
vous disposez d’un droit d’accés, de rectification, de portabilité et de limitation du

traitement des données figurant dans votre dossier. Vous pouvez a tout moment vous

opposer aleur réutilisation pour une ou plusieurs recherches, ou la totalité (www.chu-tours.

fr/), pour autant que leur traitement ne réponde pas a une obligation Iégale, sans avoir a

justifier votre refus. L’exercice de votre droit d’'opposition sera sans conséquence sur votre

prise en charge ou la qualité de votre relation avec les équipes médicales et soignantes.

Vous pouvez également vous opposer a étre recontacté pour participer a une nouvelle

recherche. Enfin, vous avez le droit d’introduire une réclamation auprés de la CNIL.

* Loi Informatiqpe et Liberté n° 78-17 du 6 janvier 1978 modifiée par la Loi 2018 -493 du 20Juin 2018 : relative a l'informatique, aux
fichiers et aux libertés (conformément a la Directive 95/46 CE relative a la protection des données personnelles) )

* RGPD : Reglement (UE) 2016/679 du Parlement européen et du Conseil du 27 avril 2016 (RGPD) ,relatif a la protection des
personnes physiques a I'égard du traitement des données & caractére personnel et a la libre circulation de ces données.

Pour exercer vos droits, a tout moment, vous pouvez contacter le délégué a la

protection des données (DPO) du CHRU de TOURS, e-mail : dpo@chu-tours.fr

CHRU

HOPITAUX DE TOURS
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Table 7 | Supplementary file 2 - Pediatric Respiratory Assessment Measure (PRAM)

PRAM (Pediatric Respiratory Assessment Measure)
Score Score Score Score
Signs 0 1 2 3
Supra,st_ernal Absent Present
retractions
Scalene "?““'E Absent Present
contractions
Air entry Normal Decreased at | Widespread
bases decrease
Inspiratory Audible without
Wheezing Absent Expiratory and stethoj&copg.@lent_
only : chest with minimal air
expiratary
entry
Oxygen Saturation =054 92-94% =92%

If asymmetric findings (air entry and wheezing) between right and left lungs, rate the
more severe side
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Résumé :

Introduction: Devant des modalités d’utilisation des P2-mimétiques intraveineux (IV) encore insuffisamment
étudiées dans le traitement de seconde ligne de l'asthme aigu grave de ’enfant, I'objectif principal de cette étude
était de comparer l'efficacité de la poursuite ou non du salbutamol inhalé apres son introduction par voie 1V dans la
prise en charge de seconde ligne de 1’état de mal asthmatique de I'enfant.

Méthodes: Une étude rétrospective bicentrique a été conduite chez des enfants agés de 28 jours a 18 ans avec un
diagnostic d’asthme aigu grave admis entre 2010 et 2021 dans les unités pédiatriques de soins intensifs (UPSI) du
CHU de Tours et de Lille. Les caractéristiques démographiques, de la maladie asthmatique, les données relatives
aux séjours en UPSI (ex : supports ventilatoires et hémodynamiques, durées de séjour, événements indésirables
associés aux B2-mimétiques, suivi post-hospitalisation) ont notamment été recueillies a partir des dossiers
informatisés des patients. Pour répondre a 1’objectif principal, les critéres d’évaluation étaient les suivants : durées
d’hospitalisation et de séjour en UPSI, caractéristiques de 1’utilisation du salbutamol IV (durée et posologie
maximale), durée d’oxygénodépendance et capnie maximale.

Reésultats: Un total de 95 patients a été inclus dans le groupe associant le salbutamol inhalé et IV (I\VV/inhp2+ - CHU
de Tours) et de 114 patients dans le groupe utilisant le salbutamol 1V seul (IVB2+ - CHU de Lille) avec un age
médian de 4 ans et 4,5 ans. Les deux groupes étaient comparables en termes de caractéristiques démographiques et
cliniques, de motif de transfert en UPSI et de gravité a I'admission. La durée médiane du séjour en UPSI était de
2,3 jours dans le groupe 12+ contre 3 jours dans le groupe 1V/inhp2+ (p=0,003). Le traitement par salbutamol IV
était utilisé pendant une durée significativement plus courte lorsqu’il était utilisé seul avec une médiane a 29,4
heures contre 47,4 heures dans le groupe 1V/inhp2+ (p<0.001), et & une posologie maximale significativement plus
faible, de respectivement 1,1ug/kg/min contre 1,7ug/kg/min (p=0,001). La durée médiane d’oxygénodépendance
était de 26 heures dans le groupe IVB2+ contre 42,2 heures dans celui IV/inhf2+ (p=0,003). Il n'y avait pas de
différence significative entre les deux groupes concernant la durée totale d'hospitalisation et la capnie maximale.

Conclusion: Cette étude semble montrer un bénéfice a l'utilisation du salbutamol IV seul pour la prise en charge de
deuxiéme ligne de I’asthme aigu grave de I’enfant. Des études complémentaires sur des échantillons plus
importants et utilisant des criteres d'évaluation standardisés restent néanmoins nécessaires pour statuer quant a
I’intérét thérapeutique de cette stratégie.

Mots clés: Asthme aigu grave ; Beta2-mimétiques ; Salbutamol ; Nébulisation ; Intraveineux ; Unité pédiatrique de
soins intensifs ; Ventilation ; Hémodynamique ; Sécurité.

Jury :

Président du Jury : Professeur Frangois LABARTHE
Directeur de these : Docteur Charlotte IDIER
Membres du Jury : Professeur Stéphane DAUGER

Professeur Antoine GUILLON
Docteur Julie CHANTREUIL
Docteur Annie-Laure SUC
Docteur Isabelle GIBERTINI

Date de soutenance : 04/10/2021

42



	ABSTRACT
	INTRODUCTION
	METHODS
	Design and Settings
	Population
	Data source and collection
	Objectives and Outcomes
	Statistical analyses
	Ethical issues

	RESULTS
	Demographic, familial and personal characteristics of the children
	Characteristics of the children at PICU admission
	Primary objective
	Secondary objectives
	Follow-up of children after discharge from hospital

	DISCUSSION
	CONCLUSION
	REFERENCES
	TABLES
	FIGURES

