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Abstract

Introduction. - The frequency of emergency department visits for asthma is a major public health problem in pediatrics.
The aim of this study is to identify the characteristics of children who visit the pediatric emergency department for asthma
exacerbation and to evaluate their therapeutic management before admission. Methods. - A prospective study conducted over
a 6-month period in the pediatric emergency departments of 5 hospitals on children aged 1 to 16 years who were admitted to
the department with a clinical diagnosis of asthma exacerbation. Results. — 143 patients were enrolled in the study. Asthma
episodes were moderate to severe in 69.2% of cases (n = 99). Initial therapeutic treatment before admission to the emergency
department was appropriate in 17.5% of cases (n = 25). Hospitalizations greater than 24 hours only occurred in 18.2% ( n
= 26) . In children under 3 years of age, the viral context was present in 91.4% (n = 64) & exacerbations were more severe
in younger patients (P = 0.002) and economically disadvantaged children (P = 0.025). Only 17.4% (n=25) were found to be
positive by an antigen test or PCR test for SARS-CoV-2. suggesting that the involvement of traditional respiratory viruses
in asthma exacerbation continues even in pandemic times. Regarding the pre-hospital care, 70.6% (n=101) had received prior
treatment, but this treatment was inappropriate in 53.1 % (n=76). Conclusions. - This study shows that asthmatic children
and their families know little about the disease and that physicians are not sufficiently aware of current recommendations for
the management of asthmatic children. Admission to the emergency department for asthma could be partially avoided by better

diagnosis and therapeutic education .
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Abstract:

Introduction. - The frequency of emergency department visits for asthma is a major public health problem
in pediatrics. The aim of this study is to identify the characteristics of children who visit the pediatric emer-
gency department for asthma exacerbation and to evaluate their therapeutic management before admission.

Methods. - A prospective study conducted over a 6-month period in the pediatric emergency departments
of 5 hospitals on children aged 1 to 16 years who were admitted to the department with a clinical diagnosis
of asthma exacerbation.

Results. — 143 patients were enrolled in the study. Asthma episodes were moderate to severe in 69.2% of
cases (n = 99). Initial therapeutic treatment before admission to the emergency department was appropriate
in 17.5% of cases (n = 25). Hospitalizations greater than 24 hours only occurred in 18.2% (n = 26) . In
children under 3 years of age, the viral context was present in 91.4% (n = 64) & exacerbations were more



severe in younger patients (P = 0.002) and economically disadvantaged children (P = 0.025). Only 17.4%
(n=25) were found to be positive by an antigen test or PCR test for SARS-CoV-2. suggesting that the
involvement of traditional respiratory viruses in asthma exacerbation continues even in pandemic times.

Regarding the pre-hospital care, 70.6% (n=101) had received prior treatment, but this treatment was inap-
propriate in 53.1 % (n=76).

Conclusions. - This study shows that asthmatic children and their families know little about the disease
and that physicians are not sufficiently aware of current recommendations for the management of asthmatic
children. Admission to the emergency department for asthma could be partially avoided by better diagnosis
and therapeutic education.
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The high proportion of children under study allowed for a more thorough analysis of this age group’s features,
which are frequently understudied. It also supports previously reported findings, such as the role of viral
infections of the airways in the development of exacerbations. Additionally, there is a connection between
viruses and the amount of allergenic exposure in hypersensitive childrenand more severe exacerbations in
poor socioeconomic instances.

The research shows a link between the exacerbations and poor socioeconomic status. This high rate may
be due to both the poor health status of disadvantaged populations and the lack of monitoring, education,
and therapeutic adherence among those in this socioeconomic group, who may be more likely to seek care
in hospitals without first consulting a doctor. Additionally, research has demonstrated a link between
asthma control and socioeconomic status. Additionally, it was shown that there is an inversely proportionate
relationship between education level and the usage of emergency treatment.

1 | INTRODUCTION

Asthma is a pathology with global prevalence that has been increasing in the last three decades in all regions
of the world and all ages, although with some geographical disparities.! 2Currently, almost 300 million people
are affected according to the WHO.? # It is the most common chronic pathology in children, and in Mexico,
its prevalence is currently estimated at around 6.8-19.7%.% 6 Half of asthma hospitalizations are of concern
in the pediatric population.5-®

Therefore, asthma is a major public health problem in pediatrics due to its prevalence, emergency care rate,
high-cost hospitalizations, and high rates of induced school absenteeism.?!! In addition, the excessive use
of healthcare services and the morbidity of asthma could be partially avoided. They are explained by a
lack of initial crisis support, poor control of the disease, deficits in education and risk identification, and the
importance of obesity in other asthma subtypes.® 8 12-14

Several studies conducted in emergency departments have made it possible to specify the characteristics of
the hospitalized pediatric population for asthma exacerbation.!®'” The authors have highlighted the need to
improve therapeutic education in these children but have not been able to study the population of consultants
in non-emergency departments. Therefore, we did a multicentric transversal study to identify characteristics
of children who were treated in pediatric emergency rooms for asthma exacerbation. The secondary objective
was to evaluate their pre-hospital management to determine what improvements could be put in place to
reduce the need for emergency care.

2 | METHODS

We conducted a study that included patients aged 1 to 16 years with a history of wheezing or dyspnea who
were treated at the pediatric emergency departments of 5 hospitals (2 public IMSS HGZ No.8-Hospital
Ajusco Medio] and/3 private [Hospital San Angel Inn-Hospital Espafiol-Hospital Dalinde]) in Mexico City
from November 2021 to April 2022. Patients with other causes of obstructive pulmonary pathology (cystic



fibrosis, bronchopulmonary dysplasia), hemodynamically significant congenital heart disease, or a history of
great prematurity were excluded. A standardized questionnaire was applied to all patients by a physician
and included the following:

* Socio-demographic and environmental parameters (age, sex, occupation, social security coverage (SSC),
family-income, passive smoking, and distance home-hospital)

* Personal or family history (first degree) of type 2 inflammatory diseases (T2D) like atopic dermatitis,
allergic rhino-conjunctivitis, and asthma

* Triggers of the exacerbation: viral, allergic, or exercise-related asthma

* Treatment before arriving at the emergency room

* Severity of exacerbation according to GINA recommendations'®

* The duration of the exacerbation and the need for hospitalization

* Previous asthma diagnosis (data collected for interrogation or health record in accordance with the inter-
national recommendations)

* For patients with a history of asthma: previous anti-asthmatic treatment, compliance with prescriptions
and dosages, medical follow-up of asthma (absent, carried out by a doctor general practitioner, pediatrician,
or pneumo-pediatrician/pediatric allergist), the existence of a written or oral crisis action protocol and the
existence of an individualized action plan

2.1 | Data analysis

Children were grouped by age: less 36 months (infant asthma), 3 to 5 years, 6 to 11 years, and over 12 years.
Management of exacerbation prior to admission to emergency rooms were considered proper if patients had
repeatedly received high doses of beta-2 short-acting agonists (50 mg/kg per dose) with a minimum of 4
and a maximum of 15 puffs of salbutamol equivalent administered every 20 minutes during the first hour or
its equivalent dose by nebulized therapy. The management was completed by oral corticosteroids at a dose
of 1 to 2 mg/kg per day in case of known severe persistent asthma or with a risk factor for severe acute
asthma or severe attack immediately or not responding within an hour to the inhaled treatment. This was
in accordance with the recommendations of management of the asthma attack.

Management of the crisis was considered inappropriate when dosages were below recommendations or if it
included other treatments prescribed in isolation (antibiotics, cough suppressants, inhaled corticosteroids,
physiotherapy respiratory or antihistamines), including use that is not recommended. The children’s families
were classified as having a low economic level if the household income was equivalent to or lower than
the minimum monthly salary (MMS) in Mexico City ($5258.10 MXP/$265.30 USD). Hospitalizations were
classified as short-term hospitalization (less than 24 hours) or conventional hospitalization (more than 24
hours).

2.2 | Statistics

The population was described by numbers/percentages for qualitative and categorical variables and by
averages (+- standard deviation) for quantitative variables. Quantitative data were compared between
groups by a student t-test or the Kruskal-Wallis test (if conditions of validity, normality, and equality of
variances were not present). Comparison between two qualitative variables was performed via the chi? test
or the Fisher’s exact test if applicable. A multivariate analysis was conducted with a logistic regression
model (with a variable of a moderate to severe response versus a mild response). The model considered an
adjustment of significant factors in the univariate situation and relevant parameters from a clinical point of
view in light of the literature. Interactions between factors were tested. The difference tested was considered
as significant at p < 0.05. All analyses were carried out with IBM(r) SPSS(r) Statistics.

2.3 | Ethics



The study was conducted according to the rules of good practice and international in epidemiological research.
Parental consent was obtained for each questionnaire. The submission and approval of the ethics and good
practices committee were obtained as well as the validation of the questionnaires by the corresponding IRB.
The data analysis respected confidentiality according to the National Personal Data Law and Privacy Notices.

3 | RESULTS

143 patients were enrolled with a mean age of 3.9 +- 3.3 years, and 60.1% (n = 86) were male. 49.6% (n =
71) were under three years old, 25.9% (n = 37) were three to five years old, 20.3% (n = 29) were six to 11
years old, and 4.2% (n = 6) were over the age of 12. Previous asthma diagnosis was found in 87.4% (n =
125). In all age categories combined, 69.2% (n = 99) had a moderate or severe exacerbation.

The demographic aspects and treatment prior to emergency management are presented in Table 1. No
significant differences in the treatment were observed between the subgroups. The time between the first
clinical signs of the crisis and the time elapsed for management in the emergency department was prolonged,
and only 8.3% (n = 12) arrived at the emergency department in less than six hours (Fig. 1). The median
time was 16 hours across all age categories and in children under three years of age.

In children with a history asthma (n = 125), 48.8% (n = 61) had control treatment, with adherence es-
timated in 70.9% of cases (n = 39). There was routine monitoring of asthma by a pediatrician, pediatric
allergist /pulmonologist in 32.2% (n = 40), but was most often not done [45.2% (n = 56)]. An asthma plan
protocol for exacerbation was explained to families in 36.5% of cases (n = 45), orally in 20.0% of cases (n
= 25), and in written form in 16.5% of cases (n = 20). An individualized action plan was implemented in
22.7% of cases (n = 27) (Table 2).

3.1 | Exacerbations

Across all ages, approximately 22% of patients (n = 31) had SSC, and 42% (n = 56) were from a low-
economic background. 60.1% (n = 86) of patients lived within 15 km of the hospital, second-hand smoke
was reported for 54.9% (n = 73), and T2D was present in 68.1% of cases (n = 94) for all ages. The crisis
occurred in the aftermath of an effort (n = 10) in 7% of cases (n = 10) and in the context of respiratory
virus in 75.7% of cases (n = 106) at all ages. In children under three years of age, the viral context was
present in 91.4% of cases (n = 64). Information collected on the severity of exacerbations upon admission
to the emergency department, medical treatments implemented, and hospitalizations following management
are summarized in Table 3.

Moderate and severe exacerbations were more common in children belonging to the youngest age groups (p
= 0.002). Similarly, the average age was significantly lower (p < 0.001) in children with moderate to severe
exacerbation on admission (3.5 +- 3.0 years) compared to those with a mild exacerbation (5.1 4+- 3.6). Being
from a low economic background was also a risk factor for severity of exacerbation (p = 0.025, OR: 1.13).

The relation between male sex and severity of exacerbations was not significant (p = 0.099), although boys
were more represented in more severe exacerbations. Treatment in the emergency department included
beta-2 agonist aerosols/more restricted nebulization (p < 0.001) and less frequently corticosteroid use (p <
0.001) in mild exacerbation. Multivariate analysis confirmed that moderate and severe exacerbations were
more common under three years of age compared to the upper age group (p = 0.024). Low socioeconomic
background represented a non-significant risk of severity of exacerbations (p = 0.061) (Table 4).

4 | DISCUSSION

The purpose of this study was to characterize children with asthma who use pediatric emergency departments.
One of the interests of this study was the factors that lead seeking care in emergency departments, which
was carried out directly in the emergency department, so it represents both children who were hospitalized
and those were not hospitalized after their passage. The high rate of participation in the study and the
complete responses to standardized questionnaires leave little missing data overall. The number of patients



included over the period is relatively high given the number of annual treatments for asthma in the pediatric
emergency room of the hospital.

The high representation of infants in the population studied made it possible to analyze the characteristics
of this age group more precisely, which are often less known. The results are in line with already known
data.’2! Tt also confirms other known data, including viral infections of the airways as factors triggering
exacerbations.??-24 There is also a link between viruses and the level of allergenic exposure in sensitized
children®? 2% and more severe exacerbations in cases of low socio-economic level.26-28

Something worth mentioning in this study is that even though it was conducted during the COVID-19
pandemic using the national care model, most hospitals in Mexico City requested screening for SARS-CoV-2
for lower respiratory symptoms. Only 17.4% (n=25) of patients were found to be positive by either an
antigen test or PCR test for SARS-CoV-2. This suggests that the involvement of traditional or already
described respiratory viruses remains preponderant in the epidemic of asthma exacerbation.

In addition, the severity of the exacerbation was correlated with a low economic background. About 21%
of the children belonged to a family with income less than or equal to the MMS. This high rate could come
from a deficit in monitoring, education, and therapeutic adherence of people in this socio-economic stratum,
who could have a tendency to more easily visit the hospital without a pre-hospital medical consultation, as
well as a plus poor health status of disadvantaged populations.2?-32 It has also been shown that there is a
correlation between a low economic level and less control of asthma.?? In addition, an inversely proportional
link was established between the level of education and the use of emergency care .33 34

A large majority of children consulting emergencies had a history of asthma (85%), but our study did not
really make it possible to make a distinction between children whose asthma was already diagnosed by their
doctor and those whose symptoms of asthma were present without a diagnosis of asthma. However, this
figure is close of the estimate of 11% having inaugural crises in the emergency department according to
Khan et al.?> Only half of the children with a history of asthma in our study had background treatment,
and barely a third had specialized follow-up. This confirms the hypothesis of advanced treatment failure
and lack of follow-up of asthma that is found in other studies.?6 37

All crises, including inaugural ones, have been included in the study, but statistical analysis on adherence to
a background treatment, regular follow-up of the child, existence of an action plan of what to do in the event
of a crisis, and the introduction of an individualized reception project concerns only children with a history
of asthma before inclusion. In our study, the right adherence to background treatment had a relatively
high rate. This adherence was assessed by questioning about regular treatment substantively when it was
introduced. It is presumably overestimated, and the actual quality of compliance remains difficult to assess
in an emergency department. In effect, the evaluation of adherence to background treatment requires specific
questions that often appear secondary for the patient’s family and the doctor in an emergency context. Even
if several exacerbations inevitably remain, the high rate of emergency room visits despite an observance that
remains correct could nevertheless reflect insufficient treatment of the disease.

Patients with a history of asthma had a protocol for what to do in the event of a crisis in 36% of cases. It
was in written form in only 16% of cases, and an individualized reception project had been set up in 23% of
cases. But even if the beneficial effect of the implementation of a written action plan remains controversial
in pediatrics,?®4° in adults, a lack of implementation of a written action plan is a factor recognized as
being associated with repeated emergency room visits, probably from a lack of knowledge of the disease
and particularly warning signs of the crisis and initial treatment 3!. Taken together, these results clearly
demonstrate that improved education of asthma patients and of their surroundings is necessary.

Regarding the pre-hospital care, 70% of children included in our study had received prior treatment, but this
treatment was inappropriate in 53% of cases. Only 17% had received appropriate consistent treatment with
current recommendations, with a beta-2 agonist being used in 58% of cases and in combination with oral
corticosteroids in 20% of cases. The support expected before medical consultation is of course not identical
in the case of a first attack or in the case of asthma that is already known. These figures, however, point to



a persistent use of inappropriate treatment in the asthma crisis.

In addition, the time between the onset of respiratory symptoms and emergency management was most often
very long (in less than 10% of cases, patients consulted the emergency department within six hours following
the onset of symptoms). Recommendations encourage taking medical advice in the absence of improvement
of symptoms after a suitable treatment with a beta-2 agonist'®. The time between the first clinical signs and
the beginning of possible pre-hospital medical care could not be collected. This information was non-existent
for nearly 30% of patients. We did not find a relationship between the remoteness of the domicile in relation
to the pediatric emergency department, which confirms that this very high delay does not come from a lack
of access to care but more likely from an underestimation of symptoms by the patient or the patient’s family.

The results of our study show a flaw that is not negligible in the recognition of the symptoms of asthmatic
exacerbation and in its initial management. It reflects a lack of knowledge of the disease in patients and
their families and insufficient awareness of health professionals and current treatment recommendations.
Concerning this last point, our survey joins other studies conducted in different areas and testifies to the
difficulty of implementing conferences consensus. There is sometimes a delay of several years between the
development of the recommendations and the evolution of outpatient medical practices.*!-43

We did not demonstrate a direct correlation between severity of exacerbations and non-compliance, length
of time taken to consult the hospital, and lack of initial management of the crisis. However, it seems obvious
that the use of emergency care by these children could be reduced through improved control of their illness.
This could be done by deliverance and explanation of written action plans of the actions to be taken in
case of crisis to families, the functional respiratory follow-up of the patient, and encouraging attendance of
asthma classes.

Our work highlights a lack of diagnosis, especially in infant asthma. It strengthens data concerning a
lack of knowledge of the disease by the family of the asthmatic child and a poor application of treatment
recommendations from health professionals. A consultation in pediatric emergencies can be an opportunity to
start education and set up a specialized follow-up if necessary in partnership with the pediatrician or doctor.
Improving asthma management would reduce the use of emergencies by improving diagnosis, particularly
in infants, increasing awareness of the disease, correction of the current perception of treatments and their
use, and an optimization of coordination hospital-city. In this regard, is important to mention the potential
interest of training in therapeutic education of doctors in the private sector to improve the current situation.
It would be interesting to evaluate this by a new prospective study of the impact of such therapeutic education
in terms of asthma control and the use of emergency care.

5 | CONCLUSIONS

Exacerbations account for much of the morbidity and cost associated with chronic asthma, and new pre-
ventive and treatment approaches are needed. Insights into the immunopathogenesis of asthma have proven
efficacy in reducing the risk of exacerbations in patients with mild or moderate to severe asthma. While these
developments represent progress in preventing exacerbations, remaining knowledge gaps include developing
an evidence base to determine which medication will work best for any given patient.

New initiatives toward understanding different phenotypes of asthma, including those associated with re-
peated exacerbations, may lead to greater precision in treatment. There are also important obstacles related
to cost, obesity, the use of biologics in children, and prevention of exacerbations in patients with type-2-low
asthma phenotypes. In addition, better understanding of the contributions of airway viruses and bacteria
to exacerbations will lead to new strategies for prevention. Unfortunately, there has been less progress in
developing new treatments for exacerbations during acute illness. Evidence implicating mucin hypersecre-
tion and airway inflammatory responses from both infectious and noninfectious sources could lead to new
approaches toward achieving this goal.

Abbreviations:

T2D: type 2 inflammatory diseases



SSC: social security coverage
MMS: minimum monthly salary
IRB: Institutional Review Board
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Figure 1. Time between onset of symptoms and consultation
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