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Evolution of infants with moderate to severe bronchiolitis
treated with high-flow nasal cannulas: a comparative analysis
with a historical cohort
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al health problem. The use of high-flow nasal cannulas (HFNC) has been proposed
as a therapeutic alternative to improve outcomes. This study compares treatment
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Pediatria cohort) and 204 in the HFNC group (prospective cohort). The HFNC group showed

clinical improvement within the first 2 hours; however, there were no significant dif-
ferences in DOOT, LOS, PICU admission, or the need for IMV.

Conclusion: Despite initial benefits in improving the work of breathing, the final
results showed no advantages of HFNC over SOT. Further research with robust meth-
odologies and standardized criteria is required to evaluate the impact of HFNC use in
the treatment of bronchiolitis across different healthcare settings.
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tal de tercer nivel, con dos cohortes de lactantes menores de 2 anios con bronquiolitis
moderada a grave. Se compararon dias de oxigenoterapia (DDO,), dias de estancia
hospitalaria (DDE), admision a unidad de cuidados intensivos pedidtricos (UCIP) y
necesidad de ventilacion mecanica invasiva (VMI).

Resultados: Se incluyeron 427 pacientes, 223 en OzE (cohorte histdrica) y 204 en
CNAF (cohorte prospectiva). El grupo CNAF mostré mejoria clinica en las primeras
2 horas, pero no hubo diferencias significativas en DDO,, DDE, admision a UCIP ni
necesidad de VMI.

Conclusiéon: A pesar de los beneficios iniciales en la mejora del trabajo respira-
torio, los resultados finales no mostraron ventajas de la CNAF sobre O:E. Se requie-
ren mas investigaciones con metodologias robustas y criterios estandarizados para
evaluar el impacto del uso de CNAF en el tratamiento de la bronquiolitis en diferentes

contextos sanitarios.

INTRODUCTION

Bronchiolitis is a global health problem in infants
and one of the ten most common diagnoses in pediatric
critical illness®™?. Respiratory syncytial virus (RSV) is the
most frequent cause, with more than 30,000,000 cases,
3,000,000 hospitalizations, and nearly 200,000 deaths
per year, mainly in low-resource countries®>. Between 1%
and 5% of affected children require hospitalization, and
up to 15% are admitted to pediatric intensive care units
(PICUs), with mechanical ventilation (MV) rates ranging
from 5% to 12%¢™,

RSV infections show epidemic peaks during cold and
humid months®™, increasing healthcare demand and po-
tentially saturating pediatric emergency departments
(PEDs), inpatient wards, and PICUs.

Multiple strategies have been proposed to reduce its
health impact: preventive measures, such as the promo-
tion of breastfeeding™™ and smoke-free environments®™
and RSV immunization®™, and therapeutic options, such
as inhaled B2 agonists®™™, inhaled ipratropium bromide®™,
nebulized adrenaline®™2®, inhaled and systemic corticoste-
roids®’, nebulized hypertonic saline solution2022  nebu-
lized and intravenous magnesium sulfate®®, and nebulized
helium-oxygen®, although none have solid evidence for
reducing length of stay (LOS), PICU admission, or invasive
mechanical ventilation (IMV).

The complexity of its analysis is further increased by
the variability in definitions®>?®, the variety of severity
classification scales®-", and the existence of “clinical phe-
notypes” in infants based on age, history of atopy, etiology,
and pathophysiology, which suggests that some cases may
correspond to the first episode of asthma®23%,

Treatment is based on hydration, nutrition, secretion
aspiration, oxygen therapy, and ventilatory support ac-
cording to the patient’s severity.

In recent decades, humidified and heated high-flow na-
sal cannulas (HFNC) have been used for respiratory failure,
high oxygen (O,) requirements, upper airway obstruction,

post-extubation laryngitis, heart failure, VM weaning, ap-
nea, asthma, and bronchiolitis®¥.

This system is safe, well-tolerated, and does not in-
terfere with feeding. It allows for the use of high flows
with high O, concentrations. It offers benefits such as de-
creased upper airway resistance, improved ciliary activity,
reduced secretion viscosity and inflammation, reduction
of bronchoconstriction induced by cold and dry air, de-
creased nasopharyngeal dead space, and a certain degree
of continuous positive airway pressure (CPAP) that would
contribute to improving ventilation and reducing the work
of breathing®>49,

It has been suggested that HFNC therapy could de-
crease respiratory distress, the need for IMV, DOOT, and
LOS, in addition to adverse effects and costs“4> However,
the evidence remains insufficient, and most studies come
from countries with greater economic and healthcare
resources.

The objective of this work is to describe the evolution
of the first cohort of patients in our center with moderate
to severe bronchiolitis treated with HFNC and compare it
with a historical cohort treated with SOT.

MATERIALS AND METHODS

An ambispective, comparative, and observational study
of two cohorts (prospective and historical) of children under
2 years of age with a discharge diagnosis of bronchiolitis
was conducted. These patients consulted the PED of a ter-
tiary care hospital in Buenos Aires, Argentina.

Infants between 1 and 24 months of age, born at term,
presenting with the first or second episode of moderate to
severe bronchiolitis, defined by a modified Tal Scale score
(Tal) > 7, according to the criteria established by the Argen-
tinian Society of Pediatrics at that time, were included®. Pa-
tients with imminent acute respiratory failure, altered con-
sciousness (Glasgow Coma Scale score < 15), hemodynamic
instability, apneas, choanal atresia or upper respiratory ob-
struction, severe craniofacial malformations, facial trauma,



nasopharyngeal surgery, pneumothorax, suspected or con-
firmed foreign body aspiration, pre-existing lung disease,
congenital heart disease, and other chronic conditions were
excluded.

Based on the studies by Kepreotes et al.“** and Franklin
et al.“», which reported a decrease in the need for care
escalation of 58% and 48%, respectively, we decided to
use this background to calculate the sample size. Assum-
ing that 15% of infants with bronchiolitis require PICU ad-
mission, we proposed a reduction of this percentage to 6%
with the use of HFNC. Based on this hypothesis, a sample
size of 204 patients per group was calculated, with a 95%
confidence level and 80% power.

To reach the sample size, the prospective cohort in-
cluded a consecutive sample of patients between July 2017
and September 2018. For the historical cohort, data ob-
tained from the Statistics Office corresponding to patients
hospitalized between June 2016 and May 2017 who were
discharged with a diagnosis of bronchiolitis were used.
From the 1828 records obtained, a randomized sampling
was performed to reach the calculated sample size, leav-
ing 204 electronic records to be analyzed. Since a sample
with a higher proportion of severe bronchiolitis (Tal > 9)
was obtained in the HFNC cohort, it was decided to include
more infants with severe bronchiolitis in the historical co-
hort to balance this difference.

In both cohorts, the treatment was based on institutional
protocols, and the only variation was the incorporation of
HFNC in the treatment of moderate to severe bronchiolitis
(Tal = 7) in the prospective cohort.

HFNC was used with a flow of 2 L/kg/min through
Optiflow® cannulas and an MR 810/850 heater-humidifier
(Fisher & Paykel®). An initial fraction of inspired oxygen
(FiO,) of 0.6 was configured using an Airvo2® device, a gas
blender, or “Y’-connected tubing to the corresponding O,
and compressed air flow meters. FiO, was optimized ac-
cording to clinical evolution after the first 4 hours of ob-
servation. Patients with a good response remained in the
SUP or general wards; those without improvement were
transferred to the PICU.

In the historical cohort, O, was administered with
conventional cannulas (maximum flow 2 L/min), Venturi
masks, or non-rebreather masks, without humidification or
heating.

Demographic variables and breastfeeding were record-
ed in both populations. Variables related to clinical presen-
tation, pulse oximetry on admission, and the result of the
virological study of the nasopharyngeal secretions aspirate
were also included.

Among the primary outcomes, evolution was assessed
at 2, 72, and > 72 hours, defining good treatment response
as a Tal score < 6. In the retrospective cohort, these vari-
ables were obtained by analyzing vital signs charts and
clinical records available in the electronic medical history.
Likewise, variables such as DOOT, LOS, PICU admission,
and need for IMV were analyzed.

Other variables recorded included the use of non-inva-
sive mechanical ventilation (NIMV), the incidence of car-
diorespiratory arrest (CRA), respiratory arrest (RA), 28-day

mortality, and complications associated with HFNC, such
as air leaks (pneumothorax, pneumomediastinum, pneu-
mopericardium, or pulmonary interstitial emphysema), na-
sal injury (erythema, erosion, ulcer), and gastric distension.

Categorical variables were described with frequencies
and continuous variables with median and interquartile
ranges (IQR), and Chi-square Test and Mann-Whitney U
test were applied for their comparisons, respectively.

For dichotomous primary outcomes (good response at
2,72, and > 72 hours, PICU admission, and IMV), multivar-
iate logistic regression models were performed to adjust
each one for confounders. The variables included in the ad-
justment were those with p-values < 0.2 in the univariate
analysis. Odds ratios and their 95% Cls were reported. For
time-to-event outcomes (DOOT and LOS), survival curves
were plotted using the Kaplan-Meier method, and the /og-
rank test was reported. A p-value < 0.05 was considered
statistically significant.

RedCap® was used as computer support for data entry,
and SPSS® version 24 for statistical analysis.

The protocol was approved by the Research and Ethics
Committees, without requiring informed consent, as the
treatment corresponded to the institutional protocol.

RESULTS

After performing randomized sampling of the histori-
cal cohort and selecting 204 patients out of 1828, it was
observed that both populations presented similar demo-
graphic characteristics, except for a higher proportion of
children with severe bronchiolitis (Tal score > 9) in the
HFNC cohort. To correct this difference, it was decided to
include more infants with severe bronchiolitis in the histor-
ical cohort. However, even after adding all severe bronchi-
olitis cases recorded during the study period for the SOT
group, the number remained lower.

Finally, 427 children were included: 223 in the SOT pop-
ulation and 204 in the HFNC population

The results of the analyzed variables are shown in

A better immediate response (improvement in Tal
score) was observed in the HFNC cohort compared to the
SOT cohort. Both DOOT and LOS were longer in the HFNC
group. However, as shown in the survival curves in Graphs
1 and 2, these differences were not significant (log-rank
test for duration of oxygen therapy: 0.32; log-rank test for
LOS: 0.11).

There were no significant differences between the two
groups regarding the use of NIV [HFNC group 29 (14%) vs.
SOT group 27 (12%), p = 0.5], PICU admission, and require-
ment for IMV.

When multivariate analysis was performed, a better re-
sponse within 2 hours of treatment was sustained in the
HFNC group, but there were no significant differences in
PICU admission and need for IMV

Neither mortality nor cardiorespiratory arrest events
were observed in any group. Only one respiratory arrest
occurred in the HFNC cohort. No complications associated
with HFNC were recorded.
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TABLE 1. Characteristics of the population.

Characteristics of the population HFNC n=204 SOT n=223 p
(%, IQR) (%, IQR)
Age (months)? 3(2-6) 3(2-6) 0.3*
< 3 months 81 (40) 75 (34) 0.2**
Sex (male) 127 (62) 132 (59) 0.5**
Oximetry at admission?® 95 (92-98) 93 (90-97) 0.03*
Tal scale score® 8 (8-9) 8 (7-9) <0.05
Breastfeeding (278) 137/156 (90) 115/122 (94) 0.08**
Salbutamol (413) 127/203 (63) 198/210 (94) < 0.05**
Treatment® Corticosteroids (402) 62/203 (31) 109/199 (55) < 0.05**
Antibiotics (400) 90/204 (44) 98/196 (50) 0.2**
RSV N7 (57) 102 (46) < 0.05**
Results NPA
Other viruses 19 (9) 19 (9) 0.8**

NPA: Nasopharyngeal aspirate; RSV: Respiratory syncytial virus.

aMedian (IQR).

®Treatment initiated within the first 72 hours.
*Mann-Whitney U test.

**Chi-square test.

TABLE 2. Primary outcomes.

Outcomes HFNC n=204 SOT n=223 p
(%, IQR) (%, IQR)

Good response at 2 h (n 425) 169 (83) 126 (57) <0.01**
Good response at 72 h (n 412) 147 (72) 140 (67) 0.3**
Good response > 72 h (n 413) 171 (84) 185 (89) 0.17**
Duration of O, therapy (days) 6 (4-9) 5(3-8) 0.03*
Length of stay (days)? 7 (5-11) 6 (4-9) < 0.01*
PICU admission 57 (28) 47 (21) 0.1**
IMV 30 (15) 25 (1) 0.3*

Good response: modified Tal scale score < 6; Length of stay: Hospital length of stay; IMV: Invasive mechanical ventilation; PICU: Pediatric inten-
sive care unit.

aMedian (IQR).

*Mann-Whitney U test.

**Chi-square test.

TABLE 3. Multivariate analysis of primary outcomes.

Primary outcomes HFNC n=204 SOT n=223 Odds Ratio* (95 CI) p**
(%, IQR) (%, IQR)

Good response at 2 h (n=425) 169 (83) 126 (57) 4.9 (3-8) <0.05

Good response at 72 h (n=412) 147 (72) 140 (67) 1.5 (0.96-2.3) 0.08

Good response > 72 h (n=413) 171 (84) 185 (89) 0.87 (0.48-1.6) 0.7

PICU admission 57 (28) 47 (21) 0.9 (0.6-1.4) 0.7

IMV 30 (15) 25 (11) 1.01 (0.6-1.8) 0.97

Good response: modified Tal scale score < 6; IMV: Invasive mechanical ventilation; PICU: Pediatric intensive care unit.

*Logistic regression of primary outcomes adjusted for admission, modified Tal scale score, age < 3 months, and respiratory syncytial virus.
**Wald test.
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FIGURE 1. “Survival analysis”. Kaplan-Meier curves for duration of oxygen therapy (days). High-flow nasal cannula (HFNC) group vs.
standard oxygen therapy (SOT).

Log-rank 0.32.
DOOT: Duration of oxygen therapy; HFNC: High-flow nasal cannula; SOT: Standard oxygen therapy.
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FIGURE 2. “Survival analysis”. Kaplan-Meier curves for Length of stay (LOS). High-flow nasal cannula (HFNC) group vs. standard oxygen
therapy (SOT).

Log-rank O.11.
LOS: Length of stay; HFNC: High-flow nasal cannula; SOT: Standard oxygen therapy.
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DISCUSSION

There is experience with HFCN in Latin America; how-
ever, there are few publications comparing its use with
SOT. The available studies suggest a possible reduction in
LOS and M43,

The choice of evaluation intervals in this study (at 2, 72,
and > 72 hours) responded to clinical and methodological
criteria, to distinguish the immediate, mediate, and later
response where other factors inherent to the hospitaliza-
tion may influence the outcome.

Regarding the characteristics of the studied popula-
tion, it should be considered that the higher proportion
of more severe patients in the HFCN group could be due,
in part, to the limited availability of this resource at the
beginning of the study. This may have generated a se-
lection bias towards more severe cases, under the prem-
ise that HFCN would offer greater benefits compared
to SOT.

Despite having a higher initial proportion of severe
patients, the HFCN cohort had similar outcomes for LOS,
DOOT, and MV to the SOT cohort. This finding, which could
suggest a benefit, must be interpreted with great caution
and confirmed in prospective studies with robust method-
ologies and standardized criteria.

Significant differences were found in some adminis-
tered treatments between both populations. This could be
explained by greater adherence to recommendations that
discourage inhaled B2 agonists, corticosteroids, and antibi-
otics in the treatment of bronchiolitis.

In 2017, Kepreotes et al. published a prospective, ran-
domized, controlled study in Australia with 202 children
under 2 years of age with moderate bronchiolitis“®.
A year later, Franklin et al. reported a similar, multicenter
study in Australia and New Zealand, with approximately
1500 children under 1 year of age with different degrees of
severity“®,

Both studies compared HFCN vs. conventional low-
flow O, nasal cannulas, observing an increase in the esca-
lation of care and treatment failure in the second group,
according to criteria based on vital signs, early warn-
ing tools, and medical judgment. Although these results
seemed quite promising, no significant differences were
found in secondary outcomes such as DOOT, LOS, PICU
admission, and intubation.

Durand et al. published a prospective, randomized,
multicenter study in France in 2020, where they did not
observe significant differences regarding the need to es-
calate ventilatory support. The use of HFNC also did not
reduce LOS or PICU admission“®,

O’Brien et al. reported in 2022 an increase in the use
of HFNC and even greater LOS, PICU admissions, NIV, and
IMV in populations that used this therapy“”.

In 2024, Armarego et al. published a systematic review
that included 11 randomized or quasi-randomized con-
trolled trials and concluded modest reductions in DOOT,
LOS, and need for treatment escalation (criteria varied by
study) with a low to moderate level of evidence®“®,

Antilici et al., in a retrospective quasi-experimen-
tal analysis spanning 2021-2022 and 2022-2023, also

mentioned that HFNC did not reduce DOOT or LOS, nor
were there significant differences in treatment failure com-
pared to SOT “9,

In a cohort study with historical control, Gutiérrez
Moreno et al. also found no association with lower DOOT,
LOS, or transfer to PICU ©9,

Similarly, our analysis also showed no differences
in LOSO,, LOS, PICU admission, and IMV between both
populations.

Considering the study results, it has been discussed
whether the increased use of HFNC is associated with in-
creased LOS, PICU admissions, and MV.

On the one hand, in a retrospective analysis of a ter-
tiary center, Tirelli et al. did not observe a greater tenden-
cy for PICU admissions or greater LOS®". On the other
hand, multicenter studies by O’Brien et al.*” and Pelletier
et al.®» described an increase in the use of HFNC accom-
panied by an increase in PICU and NIMV admissions, but
without a concomitant decrease in IMV.

In our series, there is a certain trend toward an increase
in PICU admissions in the HFNC group.

As described by Kepreotes et al.“®, Durand et al. “®,
and Armarego et al.“®, we also verified lower work of
breathing in the HFNC group during the first hours after
device installation. It is worth asking whether HFNC could
favor an increase in initial care levels, contributing to early
improvement in the work of breathing.

HFNC is a safe and simple therapy to implement. In
our research, as in those of Kepreotes et al.“* and Franklin
et al.“?, no adverse events associated with its use were
observed.

Furthermore, there was no mortality, and only one RA
in the HFNC group was recorded, which cannot necessarily
be associated with its use.

In turn, cost-effectiveness analyses have suggested
that the use of HFNC as first-line treatment versus SO, in
cases of bronchiolitis and hypoxemic acute respiratory fail-
ure is not an efficient option®3>>,

Our research presented both strengths and limitations.

This is one of the few publications in Latin America that
compares the evolution of infants with moderate to severe
bronchiolitis treated with SOT vs. HFNC, contributing to
knowledge in a regionally understudied context. From an
epidemiological perspective, it provides evidence both in
Latin America and globally.

The detailed definition of inclusion and exclusion crite-
ria improves the homogeneity of the cohorts and ensures
that the results are applicable only to patients with moder-
ate to severe bronchiolitis.

Having standardized institutional treatment protocols
in both cohorts allowed for a comparative evaluation of the
effectiveness of the two therapeutic approaches.

The study compared a prospective cohort with a ran-
domized retrospective sample, but differences were found
between the two, particularly a higher proportion of pa-
tients with severe bronchiolitis in the HFNC cohort. To mit-
igate this disparity, it was decided to include all patients
with a Tal score > 9 in the historical cohort; the difference
persisted, but multivariate analysis attempted to lessen
those confounding factors.



Incomplete records in the SOT cohort, especially
those related to personal and family history (breastfeed-
ing, asthma, eczema, and smoking), could have compro-
mised the precision of the findings. Something similar
occurred with the information on the use of inhaled B,
agonists, corticosteroids, and antibiotics (e.g., dose, du-
ration of treatment).

The ambispective design may introduce selection bias,
but this was mitigated by taking a randomized sample
from the period immediately preceding the implementa-
tion of HFNC as a treatment protocol.

We do not believe that the variable availability of dif-
ferent types of HFNC therapy significantly affected our re-
sults. The verification of flows and FiO, provided by the
devices were equivalent.

The tools used to define the escalation of therapeutic
support may vary between healthcare centers and be con-
ditioned by the availability of resources, which could even
influence relevant clinical decisions, such as admission to
the PICU. In this context, an objective datum such as the
need for IMV is more representative for evaluating clinical
outcomes.

By focusing on a local population, the findings acquire
relevance for regional clinical practice, although their ex-
trapolation to other populations must be done cautiously.

Although the study presents limitations inherent to
its design, the results are consistent with those reported
internationally.

Finally, as this was a single-center study, the general-
ization of its conclusions is limited.

CONCLUSION

Although there was an improvement in the work of
breathing during the first hours of HFNC therapy, in our
study we did not observe a decrease in DOOT, DDE, PICU
admission, and IMV in infants with moderate to severe
bronchiolitis. More studies with good methodological qual-
ity and standardized definitions and criteria are needed to
establish a clear recommendation on its use and adapta-
tion to different health and socioeconomic realities.
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