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What do we know about the subject matter of this study?

Based on current evidence, the recommended management of acu-
te bronchiolitis is supportive therapy. However, different therapies 
without scientific evidence are frequently used, which may be po-
tentially harmful to patients and health systems.

What does this study contribute to what is already known?

This multicenter study in 20 pediatric intensive care units in five 
Latin American countries shows high variability in the therapies 
used in acute bronchiolitis and a lack of adherence to current re-
commendations. This study uncovers an important issue in Latin 
America, showing an opportunity for improvement in patient ma-
nagement, with effects on the management of clinical and econo-
mic resources of the health systems.
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Introduction

The leading infectious cause of infant mortality 
in Latin America is acute respiratory failure. Despite 
this, there is very little information on the different 
etiologies and clinical syndromes causing respiratory 
failure, specifically acute bronchiolitis and respiratory 
syncytial virus (RSV) pneumonia, and their impact on 
morbidity and mortality, health system and resources 
used in the region1-7. Acute bronchiolitis is a low-letha-
lity disease, but there are groups of patients with spe-
cific comorbidities that have been recognized as risk 
factors for developing severe acute bronchiolitis8,9.

Acute bronchiolitis has an impact on health sys-
tems, and it is the main cause of hospitalization and 
admission to Pediatric Intensive Care Units (PICU) 
during winter seasons in different regions worldwide, 
with the costs associated that this implies10. In the last 
decade, there has been a growing trend in the number 
of PICU admissions due to this pathology, with a mar-
ked seasonal and regional variation11-13.

Although multiple drug therapies have been tested, 
there are currently no specific etiological or sympto-
matic treatments for acute bronchiolitis. According to 
the current evidence, most of the available therapies are 
ineffective. Pediatric scientific societies in North Ame-
rica, Europe, and Latin America have published a set of 
updated guidelines for acute bronchiolitis14-17 empha-
sizing that treatment is supportive, where oxygen the-

rapy and hydration are the only relevant interventions 
agreed upon17-21.

Given the lack of specific therapies, there is great 
variability of treatments, an often invisible, globally 
widespread, and poorly reported phenomenon. This 
phenomenon is especially relevant in severe acute 
bronchiolitis where, in the face of clinical deterioration, 
many children receive useless therapies not supported 
by evidence, and even with a potentially negative effect 
on the course of the disease22-24. This variation leads to 
the inadequate use of diagnostic and therapeutic tools, 
increasing costs and worse clinical outcomes.

The objective of this study is to characterize and 
analyze the variability of therapeutic interventions 
administered to infants admitted to PICU with diag-
nosis of acute community-acquired bronchiolitis in 
20 pediatric centers in five Latin American countries. 
Our hypothesis is that there is a great heterogeneity of 
respiratory support and therapies used in infants with 
acute community-acquired bronchiolitis.

Patients and Method

Retrospective study using data prospectively collec-
ted of 20 PICU members of LARed Network. LARed 
Network is a collaborative initiative of PICUs25 that 
promotes the Latin American Registry of Pediatric 
Acute Respiratory Failure. This registry comprises a 
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Abstract

The objective of this study was to describe the management of infants with acute bronchiolitis admit-
ted to 20 pediatric intensive care units (PICU) members of LARed in 5 Latin American countries. Pa-
tients and Method: Retrospective, multicenter, observational study of data from the Latin American 
Registry of Acute Pediatric Respiratory Failure. We included children under 2 years of age admitted 
to the PICU due to community-based acute bronchiolitis between May and September 2017. Demo-
graphic and clinical data, respiratory support, therapies used, and clinical results were collected. A 
subgroup analysis was carried out according to geographical location (Atlantic v/s Pacific), type of 
insurance (Public v/s Private), and Academic v/s non-Academic centers. Results: 1,155 patients were 
included in the registry which present acute respiratory failure and 6 were excluded due to the lack of 
information in their record form. Out of the 1,147 patients, 908 were under 2 years of age, and out of 
those, 467 (51.4%) were diagnosed with acute bronchiolitis, which was the main cause of admission 
to the PICU due to acute respiratory failure. The demographic and severity characteristics among the 
centers were similar. The most frequent maximum ventilatory support was the high-flow nasal can-
nula (47%), followed by non-invasive ventilation (26%) and invasive mechanical ventilation (17%), 
with a wide coefficient of variation (CV) between centers. There was a great dispersion in the use of 
treatments, where the use of bronchodilators, antibiotics, and corticosteroids, representing a CV up 
to 400%. There were significant differences in subgroup analysis regarding respiratory support and 
treatments used. One patient of this cohort passed away. Conclusion: we detected wide variability in 
respiratory support and treatments among Latin American PICUs. This variability was not explained 
by demographic or clinical differences. The heterogeneity of treatments should encourage collabora-
tive initiatives to reduce the gap between scientific evidence and practice.
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single standardized online form using REDCap® soft-
ware26. The patient records included in LARed has de-
identified data (all personally identifiable information 
has been removed) and they were replaced by an au-
tomated identifier number provided by the software. 
Standardized and quality metrics with real-time fee-
dback to the participating centers were used for ben-
chmarking.

Registry data were collected and managed using 
the REDCap® electronic data capture software hosted 
on servers at Facultad de Medicina, Clínica Alemana, 
Universidad del Desarrollo (26). REDCap® is a secure, 
web-based system designed to allow data collection for 
records, which provides 1) an intuitive interface for 
entering validated data, 2) audit trails to track mani-
pulation and export data procedures, 3) automated 
export procedures for continuously data downloads 
to common statistical packages, and 4) procedures for 
importing data from external sources.

The participation of all centers was approved by the 
local Scientific Ethics Committee (SEC). If the centers 
did not have an accredited SEC, as occur in private 
centers in Uruguay and Bolivia, they presented the ins-
titutional authorization for the use of external accredi-
ted CEC approval.

Out of the total number of patients with acute res-
piratory failure, the following criteria were considered 
for definitive inclusion:
•	 Date of admission between May 1, 2017, and Sept-

ember 30, 2017.
•	 Patients younger than 2 years old.
•	 Acute community-acquired bronchiolitis as main 

diagnosis.
•	 Case discharge form completed (closing stage of 

the online registry).

Despite multiple national and international at-
tempts, there is currently no unified standard for ho-
mogeneously diagnosing acute bronchiolitis. For this 
study, the criterion of the treating physician was the 
diagnosis of acute bronchiolitis.

The following variables were recorded from the se-
lected cases: demographic data, comorbidities, severity 
scores (Pediatric Index of Mortality 3, PIM3)27, ratio 
between pulse oximetry saturation and fraction of ins-
pired oxygen  (S/F ratio), validated respiratory failure 
scores for bronchiolitis in hospitalized infants (Liu28 
and Wang29), initial and maximum respiratory sup-
port, and therapies used (bronchodilators, antibiotics, 
corticosteroids).

In the description and analysis of the therapy, 
we used the bronchodilator variable grouping all the 
drugs that have this effect as their main action (sal-

butamol, ipratropium bromide, magnesium sulphate 
and methylxanthines) and also each one indepen-
dently. In the description and analysis of respiratory 
support, we classified into high-flow nasal cannula 
(HFNC), invasive mechanical ventilation (IMV), and 
non-invasive ventilation (NIV) and, within this last 
one, continuous (CPAP) or bi-level positive airway 
pressure (BiPAP).

For the analysis of variability, the centers were 
grouped according to their geographical location (At-
lantic: Uruguay and Argentina; Pacific: Chile, Ecuador, 
and Bolivia), type of health insurance system (public 
or private), and if they were academic medical centers 
in order to determine if there is a systematic difference 
among these groups, especially considering the ineffec-
tiveness of the therapies.

The Anderson-Darling normality test was used to 
establish data distribution. The continuous variables 
were expressed as median (p25, p75) and the catego-
rical ones as percentage and range or percentage and 
95%CI. For the analysis, the Kruskal-Wallis test was 
used for the continuous variables, the Chi-squared 
test for the categorical ones, and the Bonferroni co-
rrection for the variability among centers. To increase 
the understanding and quantify the variability among 
centers, we used the coefficient of variation (CV). In 
our analysis, the CV is reported as percentage de-
viation of the average. Thus, the higher the CV, the 
greater the heterogeneity in the use of the described 
therapies. A p < 0.05 value was considered statistically 
significant.

Results

Characteristics of patients and participating  
centers

During the study period, 1,115 patients with acu-
te respiratory failure were included in the registry, 
of which 467 cases were analyzed (figure 1). Only six 
patients were excluded due to insufficient data recor-
ding. 62.5% of the patients were male, aged 4 months 
(1.8-7.5), and with a 0.29% PIM3 score (0.17-0.57). 
The most common etiology identified was RSV (67%), 
and bacterial co-infection was suspected in 30%. The 
overall cohort had hypoxemia at admission classified 
as mild to moderate according to the FiO2, and respi-
ratory failure scores were in the moderate range. Ta-
ble 1 shows the characteristics of the whole cohort and 
analysis of participating centers.

60% of the participating centers were in the Atlan-
tic region, 25% were academic centers, and 50% were 
public health centers. Out of the patients included, 
68% were from the Atlantic region, 32% from acade-
mic centers, and 53.3% from public centers.

Bronchiolitis - J. A. Serra et al
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Figure 1. Patient flow of included cases in the analysis according to inclusion/
exclusion criteria.
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Table 1. Clinical and demographic characteristics of patients and descriptive analysis of the included centers 

 
Patient Analysis

(n = 467)
Center Analysis

(n = 20)

  Median (p25,p75) Median (p25,p75)

Age (mo) 4 (1.8;7.5) 3.6 (2.9;3.9)

Weight (kg) 6.4 (4.6;8.5) 6.1 (5.76;7.1)

Male (%) 62 (IC95% 58;66) 62 (56;67)

Comorbidities (%) 33 (IC95% 29;37) 28 (10;37)

RSV (%) 67 (IC95% 62;61) 69.3 (53.2;81.4)

S/F ratio 316 (220;357) 332 (242;339)

LIU Score 5 (3;7) 6 (5;7)

WANG Score 4 (2;6) 5 (3;6)

PIM 3 (%,) 0.29 (0.17;0.57) 0.26 (0.18;0.42)

VM duration (hours) 86.1 (66.2;134.4) NA

PICU LOS (days) 4.5 (3.8;7.9) 4.7 (3.9;6.1)

The first column shows the analysis of all the patients. The second column compares the median between centers. RSV: respiratory syncytial 
virus; p: percentile; PIM 3: Pediatric Index of Mortality 3; LIU Score, WANG Score: clinical severity scales of acute respiratory failure. NA: non-
available; IC95%: 95% confidence interval.

Respiratory support
The most used maximum respiratory support was 

HFNC accounting for 46.6% (4.4 to 88%), followed 
by NIV with 26.1% (0 to 93%), and IMV 16.9% (0 to 
100%). 35 patients used nasal cannula as maximum 
respiratory support. In the analysis by geographical 
area, in the Atlantic region the HFNC was mostly used 
(66.4%), while in the Pacific region there was greater 
use of NIV (71.5%). These same differences in maxi-
mum respiratory support frequency were observed 
when comparing public and private centers and bet-
ween academic and non-academic ones (figure 2). 
When comparing the maximum support by center, 
there were statistically significant differences in its 
use (Supplementary figure 1, available online). Figure 
2 shows the coefficient of variation of the maximum 
respiratory support mode, highlighting an important 
variation in the use of all of them, especially in NIV.

Out of the patients who needed IMV, 8.9% (7/79) 
of them required tracheal intubation before PICU ad-
mission. IMV was the first modality of support used 
at admission in 20% (16/79) of the patients, and in 
70.1% (56/79) IMV was used after failure of other 
support. 
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Figure 2. Maximal respiratory support in the whole cohort of community acquired bronchiolitis of LARed Network. A. Variation coefficient (CV) 
between participant centers; B. Atlantic vs Pacific; C. Non-Academic vs Academic; D. Private vs Public funding. *p < 0.05. CN: nasal cannula; 
CNAF: high flow nasal cannula; CPAP: continuous positive airway pressure; BIPAP: bilevel intermittent positive airway pressure; VMI: invasive me-
chanical ventilation. 
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Regarding the ineffectiveness of non-invasive mo-
dalities, NIV was less effective in the Atlantic region 
than in the Pacific one (50% vs 1%, p < 0.01), with no 
difference with HFNC.

When comparing public and private centers and 
academic and non-academic ones, there were no sig-
nificant differences in NIV failure (50% vs 2.9% and 
50 vs 2 % respectively) and HFNC failure (20% vs 18% 
and 19% vs 22% respectively).

Complementary therapies
Bronchodilators were used in 78.6% of cases. 

When comparing regions, bronchodilators were more 
frequently used in the Atlantic region than in the Paci-
fic one (88.1% vs 57.3%, p < 0.05) (figure 3).

The overall use of nebulized epinephrine (L-form 
or racemic) was 23.2% and hypertonic saline was 23%. 
Both therapies were more frequently used in the Pacific 
region, in academic centers and in public institutions 
(figure 3, Supplementary figure 2, available online).

Antibiotics were used in 55.9% (range between 
30% and 100%) and corticosteroids in 30% (range 
between 0% and 100%) of cases, with no differences 

between the subgroups analyzed (figure 3). However, 
in the analysis of variability among the participating 
centers, there was a significant difference in corticos-
teroid use ranging from 0 to 100% (p < 0.05) (Supple-
mentary figure 2).

The frequency of bronchodilators use was 89.9% 
of salbutamol, 13.4% of ipratropium bromide, and 
7.3% of methylxanthines. The use of salbutamol and 
methylxanthines was more frequent in the Atlantic re-
gion, while the use of ipratropium bromide and mag-
nesium sulfate was higher in the Pacific one (figure 4).

In the analysis of variability among the participating 
centers, we found significant differences in the use of 
salbutamol, ipratropium bromide, and methylxanthi-
nes (Supplementary figure 3). Figure 4 shows the CV 
of the complementary therapies, highlighting that, in 
five out of the nine therapies, the CV was higher than 
100%.

Regarding clinical outcomes, the stay in PICU was 
4.5 days (3.8-7.9 days) with significant differences bet-
ween the participating centers. In this cohort, only one 
patient died of sepsis and acute respiratory distress 
syndrome.
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Figure 3. Pharmacological therapy used in the cohort. A. Coefficient of variation (CV) of participating centers; B. Atlantic vs Pacific; C. Non-Academic 
vs Academic; D. Private vs Public funding. *p < 0.05. ^Bronchodilator refers to any therapy for bronchodilaton, including Salbutamol/albuterol, 
Ipratropium Bromide, Aminophylline and Magnesium Sulphate. 

Bronchiolitis - J. A. Serra et al

Discussion

In this study, we used the LARed registry to des-
cribe the therapeutic approach of patients with acute 
bronchiolitis in Latin America. The main result of our 
study is that there is a wide variability in respiratory 
support modalities and pharmacological therapies 
which cannot be explained due to regional demogra-
phic differences or the variability in severity at admis-
sion to PICU.

This cohort of bronchiolitis is representative of 
Latin America, but is frequently observed worldwide: 
young infants, one-third of them with comorbidities, 
with moderate respiratory distress, and without seve-
re hypoxia11,22,30. The most frequent etiology identified 
was RSV and the PICU stay lasted less than one week. 
It is in this scenario that variability emerges as a signifi-
cant problem for health systems and also for over- and 
under-treated children and their families30,31.

Regarding respiratory support, non-invasive mo-

dalities such as HFNC and NIV were more frequently 
used than IMV. There was a notable difference between 
the Atlantic group, where the HFNC use was prevalent, 
versus the Pacific group, where the BIPAP use predo-
minated. The minimal use of CPAP in Latin America is 
noteworthy, since it is a therapy widely recommended 
and used in other regions of the world and which has 
proved to be even better in more severe patients32,33. 
Although there is no a categorical description of the 
superiority of a respiratory support modality, we be-
lieve that regional differences when choosing it can be 
explained by the familiarity and knowledge of those 
most frequently used33-39.

In our work, we detected a wide use of non-guide-
line based therapies14-16, highlighting the use of bron-
chodilators such as salbutamol, nebulized epinephri-
ne, ipratropium bromide, and methylxanthines, with 
a wide range of variability between centers and cate-
gorization groups. Within the subgroups analyzed, the 
regional difference between bronchodilator groups is 
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Figure 4. Bronchodilator therapy used in patients included in the study. A. Coefficient of variation (CV) of participating centers; B. Atlantic vs 
Pacific; C. Non-Academic vs Academic; D. Private vs Public funding. *p < 0.05.
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very notable. In the Atlantic region, they preferentially 
used salbutamol and methylxanthines; extremely di-
fferent from what was observed in the Pacific region, 
where racemic epinephrine, ipratropium bromide, and 
nebulized hypertonic saline were commonly used. The 
CV allows us to appreciate that there were therapies 
with a use variability higher than 200%.

One point to bear in mind is that it was not possi-
ble to specifically characterize the severity of each case 
analyzed and it is not possible to standardize the ap-
propriate therapy, but even in a heterogeneous group 
of cases, such as this cohort, the use of pharmacologi-
cal therapy should be exceptional.

The high use of antibiotics in 2/3 of the patients is 
striking, despite the fact that superinfection was sus-
pected in 30% of the patients at admission and the 
use of corticosteroids in 1/3 of the children studied 

(therapies known as useless), showing no differences 
between the groups analyzed. This could be due to 
the analysis of a selected population with bronchioli-
tis and, given the more severe condition of the patient 
in the PICU, interventions (justified or not) aimed at 
preventing further worsening are carried out, however, 
they could increase the vital risk. This care variability is 
a phenomenon that impacts the direct patient care not 
only in Latin America but has also been observed in 
cohorts in North America and Europe23,30,31,40.

The overuse of treatments represents a major pro-
blem in the quality of medical care and is one of the 
main causes of wasting financial resources in health 
care40. Based on the available evidence, this is defined 
as care that has no benefit and, sometimes, may even 
be counterproductive. The optimal management of 
acute bronchiolitis is still under debate and, although 
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existing guidelines do not provide specific therapies for 
those patients admitted to the PICU, their application 
should allow us to reduce this wide therapeutic va-
riability with no scientific basis17,41. Management and 
quality initiatives have been implemented in recent 
years, aimed at reducing waste of financial resources 
in bronchiolitis by decreasing the overtreatment of in-
fants with this condition42-44.

This study has some limitations, such as the diag-
nosis of acute bronchiolitis was made according to 
the clinical evaluation of the physician who admitted 
the patient to the PICU, which could lead to a case se-
lection bias. This is one of the frequent limitations of 
bronchiolitis studies worldwide, without distinction 
between geographical areas or the socio-economic de-
velopment of the countries22,23,30,41.

This variability was also influenced by the geogra-
phic/political extent of the cohort, with large differen-
ces in climate, health care system, as well as available 
resources. The participating centers could have diffe-
rent degrees of admission complexity that was not a 
recorded variable, which could influence the analysis 
of maximum respiratory support and therapies used.

Finally, we must emphasize that the participating 
centers are not necessarily representative samples of 
their respective countries, and there is an inequality in 
the volume of patients that participated in the different 
centers and countries. For this reason, we consider irre-
levant to carry out independent analyses by country.

Despite these limitations, we believe it is important 
to report that acute bronchiolitis is the main cause of 
admission to PICU due to acute respiratory failure in 
infants in Latin America. There is wide variability in 
respiratory support and therapies administered, which 
cannot be explained due to the differences between po-
pulations or the severity of the disease. This variabili-
ty should promote collaborative studies and promote 
educational activities, which will help to reduce the gap 
between scientific evidence and care practice, therefo-
re, avoiding the inappropriate use of therapies.
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