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INTRODUCTION
Bronchiolitis is an acute inflammation of the bronchioles that is 
usually caused by a viral infection in a child <2 years of age [1]. 
Shi T et al., estimated that globally in 2015, 33·1 million episodes 
of bronchiolitis resulted in about 3·2 million hospital admissions, 
and 59, 600 in-hospital deaths in children younger than 5 years 
[2]. The most common etiological causes are respiratory syncytial 
virus, influenza virus, parainfluenza virus, adenovirus, corona 
virus, human metapneumovirus, and mycoplasma pneumoniae 
[3]. The current approach of management of bronchiolitis is 
focused on oxygen therapy for hypoxia, respiratory support 
and the maintenance of hydration [4,5]. Traditionally, oxygen is 
provided at 100% concentration via low flow nasal prongs as 
a dry gas which is not heated. However, a recent randomised 
control study in 177 children, aged 1 month to 5 years revealed 
that HFNC was more effective in children presenting with acute 
respiratory distress compared to conventional oxygen therapy [6]. 
The inspired oxygen concentration (FiO2) can vary from 21% to 
100%; therefore, giving greater ability to titrate the concentration 
of oxygen delivered [6]. It is still not clear whether use of HFNC 
oxygen therapy will mitigate the use of invasive ventilator supports, 
such as Continuous Positive Airway Pressure (CPAP) and 
mechanical ventilation. HFNC was initially used to treat preterm 
infants as an alternative to CPAP [7,8] but it has recently become 
very popular in paediatrics and increasing in adults (especially in 
ICU settings) [9-12].

HFNC has been extensively studied in children with bronchiolitis 
in US and other developed countries [9,10]. These studies can’t 

be applied directly on Indian population, as racial differences, 
and disease pattern/severity is different as compared to 
developed countries. There is limited clinical evidence of HFNC 
in infants and young children other than small observational 
studies which were conducted in older children [12]. Hence this 
study was conducted with the aim of evaluating efficacy and 
safety of HFNC oxygen therapy in children with moderate and 
severe bronchiolitis.

MATERIALS AND METHODS
The present prospective study was conducted in a PICU of a 
tertiary care hospital in Western Maharashtra over a period of 
24 months (1st September 2015 to 31st August 2017) with a 
sample size of 22 children. Sample size was based on literature 
review [8, 9] and hospital admission data for bronchiolitis. The 
ethical clearance (approval number BV/DU/MC/2051/15-16) was 
obtained from institutional ethics committee. The written informed 
consent from either of parents was obtained. The previously 
healthy children between ages of 2 months to 2 years diagnosed 
with moderate and severe bronchiolitis who were not maintaining 
saturation (SpO2 <95%) on 31% venturi for 30 minutes were 
included in the study. Children with congenital abnormalities of 
upper and lower respiratory tract, lobectomy, congestive cardiac 
failure and neuromuscular disorders were excluded from the study. 
A standard protocol was used for all the children with regards to 
the initiation, monitoring and weaning from HFNC [Table/Fig-1]. 
The HFNC system (Fisher & Paykel Healthcare Airvo 2™) consists 
of a humidifier and a continuous flow circuit. Outcome parameters 
measured were HR, RR, SpO2, PaO2, PaCO2, hours of therapy, 
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ABSTRACT
Introduction: Heated humidified High-Flow Nasal Cannula 
therapy (HFNC) is a non-invasive form of oxygen delivery, in 
which oxygen supports respiration by reducing nasopharyngeal 
dead space, decreasing airway oedema, enhancing ciliary 
activity and providing positive airway pressure.

Aim: To evaluate efficacy and safety of HFNC oxygen therapy in 
children with moderate and severe bronchiolitis.

Materials and Methods: The present prospective study was 
carried out in PICU of a tertiary care hospital over a period of 
24 months. Twenty two children between the ages of 2 months 
to 2 years who were previously healthy and diagnosed with 
moderate and severe bronchiolitis were included. A standard 
protocol was used for all the children with regards to the initiation, 
monitoring and weaning from HFNC. Outcome parameters 
measured were Heart Rate (HR), Respiratory Rate (RR), oxygen 
saturation (SpO2), Arterial Blood Gases (ABG), hours of therapy, 
and failure of HFNC oxygen therapy. Parameters were compared 
using two tailed test.

Results: Out of 22 children, 15 were male and 7 were female 
with M:F ratio 2:1. Eight children had moderate bronchiolitis and 
14 children had severe bronchiolitis. The mean age (±SD) was 
7.18±4.48 months. The mean baseline HR, RR, SpO2, PaCO2, 
PaO2 levels were 158.50±35.19 beats/min, 68.64±10.72/
min, 88.68±2.12%, 31.23±6.12 mmHg, 122.73±44.94 mmHg 
respectively. At the end of one hour of HFNC oxygen therapy, 
mean HR was 151.59±14.61 beats/min, RR 59.32±9.61/
min, SpO2 99.59±0.59%, PaCO2 30.99±6.16 mmHg and 
PaO2 125.71±37.12 mmHg. There was statistically significant 
improvement (p<0.05) in the work of breathing as indicated by 
fall in mean HR and RR along with increase in mean SpO2 level 
after one hour of HFNC oxygen therapy. This improvement was 
consistently seen till the end of the study. The mean hours for 
which HFNC oxygen therapy was required was 43.27±16.31 
hours. One child failed HFNC oxygen therapy and required 
invasive ventilation. There were no serious adverse events.

Conclusion: HFNC oxygen therapy significantly decreases the 
work of breathing and improves oxygen saturation in moderate 
and severe bronchiolitis.
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[Table/Fig-5]. There was a slight decline in PaCO2 from baseline 
31.23±6.12 mmHg to 30.99±6.16 mmHg at the end of one hour 
of HFNC oxygen therapy (p=0.760). PaCO2 levels remained similar 
throughout the study (p=0.129). The mean PaO2 improved from 
baseline 122.73±44.94 mmHg to 125.71±37.12 mmHg at the end 
of one hour of HFNC oxygen therapy (p=0.749). A wide variation 
was seen in PaO2 levels throughout the study (p=0.458). Baseline 
pH of 7.35±0.05 improved to 7.40±0.04 after application of HFNC 
oxygen therapy and acidosis got corrected within 12 hours of 
HFNC oxygen therapy (p=0.017). This improvement in pH was 

STATISTICAL ANALySIS
The collected data were coded and entered into Microsoft excel 
sheet. Statistical analysis was done using SPSS version 20.0 
(Armonk, NY: IBM Corp). The continuous variables were presented 
as mean±standard deviation. The categorical variables were 
presented as absolute numbers and percentages. A two tailed test 
with p-value<0.05 was considered significant.

RESULTS
Out of 22 children enrolled in the study, 15 (68%) were male 
and 7 (32%) were female. The male to female ratio was 2:1. The 
mean age (±SD) of children enrolled in the study was 7.18±4.48 
months. Eight children had moderate bronchiolitis and 14 children 
had severe bronchiolitis. Failure of HFNC requiring mechanical 
ventilation was not an exclusion criteria and data was included in 
the final analysis.

The baseline mean HR, RR, SpO2, PaCO2, PaO2 levels were 
158.50±35.19 beats/min, 68.64±10.72/min, 88.68±2.12%, 
31.23±6.12 mmHg, 122.73±44.94 mmHg respectively [Table/Fig-2]. 
There was a decline in HR from baseline 158.50±35.19 beats/min 
to 151.59±14.61 beats/min at the end of one hour of HFNC therapy 
(p<0.05). The decline in HR remained persistent throughout the end 
of the study (80 hours) which was statistically significant (p<0.05) 
[Table/Fig-3]. There was a decline in RR from baseline 68.64±10.72/
min to 59.32±9.61/min at the end of one hour of HFNC oxygen 
therapy (p<0.05). The decline in RR remained persistent throughout 
the end of the study which was statistically significant (p<0.05) 
[Table/Fig-4]. The baseline mean SpO2 88.68±2.12% improved 
to 99.59±0.59% at the end of one hour of HFNC oxygen therapy 
(p<0.05). The improvement in SpO2 was persistent throughout 
the end of the study which was statistically significant (p<0.05) 

For the study:
Bronchiolitis is defined as a seasonal viral illness characterised by fever, nasal 
discharge, and dry, wheezy cough in children less than 2 years of age.
Mild Bronchiolitis:
Normal ability to feed, little or no respiratory distress with no oxygen requirement 
and saturations above 95% in room air.
Moderate Bronchiolitis:
Increase work of breathing during feeding, feeds may decrease but total intake is 
more than 50% of normal, mild to moderate respiratory distress with some chest 
wall retractions & nasal flaring, and oxygen saturations 90-95% in room air.
Severe Bronchiolitis:
Reluctant to feed with intake less than 50% of normal, moderate to severe 
respiratory distress with marked chest wall retractions, nasal flaring and grunting 
+/- apnoeic episodes and Oxygen saturations less than 90% in room air.
Baseline HR, RR, SpO2 and ABG was documented.
Classify:
Mild Bronchiolitis: Exclude from study.
Moderate and Severe Bronchiolitis: Start oxygen on venturi. If not maintaining 
saturation (SpO2 <95%) on 31% venturi for 30 mins, then commence HFNC 
therapy.
Initiation:
HFNC was commenced at 2 L/kg/min (<10 kg), and for greater than 10 kg, 
additional 0.5 L/Kg/min for every Kg. FiO2 was started at 60%, and was titrated 
every 5 mins to maintain saturation ≥95% for 12 hours (Min FiO2 40%).
Monitoring:
HR, RR and SpO2 was monitored hourly until HFNC therapy was completed or 
HFNC failure.
ABG was repeated at Hours 1, 3, 12, 24, 48 and completion of HFNC therapy. In 
addition, ABG was repeated as and when needed.
Weaning:
Reduce FiO2 to 40%.
Decrease flow rate by 1 L/Hr.
When flow rate is tapered to 5 L/Hr and saturation maintained at ≥95%-
Discontinue HFNC which was considered as completion of HFNC therapy.
End Point of the study:
Completion of HFNC therapy or failure of HFNC was defined as need of 
endotracheal intubation on HFNC oxygen therapy.

[Table/Fig-1]: Standard protocol used for all children with regards to initiation, 
monitoring and weaning from HFNC.

Parameters result

Mean Heart Rate 158.50±35.19/min

Mean Respiratory Rate 68.64±10.72/min

Mean SpO2 88.68±2.12%

Mean PaCO2 31.23±6.12 mmHg

Mean PaO2 122.73±44.94 mmHg

[Table/Fig-2]: Baseline parameters on admission.

[Table/Fig-3]: Heart rate trends.
p<0.05

[Table/Fig-4]: Respiratory rate trends.
p<0.05

[Table/Fig-5]: SpO2 trends.
p<0.05

failure of HFNC oxygen therapy and adverse events. The HR, RR, 
SpO2 were monitored hourly until HFNC therapy was completed 
or HFNC failed. ABG analysis was done at hours 1, 3, 12, 24, 48 
and completion of HFNC therapy. Additional ABG analysis was 
done as and when needed.
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persistent throughout the end of the study which was statistically 
significant (p<0.05). The mean hours on HFNC oxygen therapy was 
43.27±16.31 hours. One child witnessed failure of HFNC at hour 
24 and required invasive ventilation. The adverse events like nasal 
crusting, epistaxis and pneumothorax were not observed over two 
months of follow-up.

DISCUSSION
The study evaluated efficacy and safety parameters of HFNC 
oxygen therapy in 22 previously healthy children between the 
ages of 2 months to 2 years diagnosed with moderate and 
severe bronchiolitis. The mean age (±SD) of children in the 
study was 7.18±4.48 months which is higher than the recently 
reported Indian study (5.54±2.11 months) [13]. In this study, 
there was statistically significant improvement (p<0.05) in the 
work of breathing as indicated by fall in mean HR and RR along 
with increase in mean SpO2 levels after 1 hour of HFNC oxygen 
therapy. This improvement was consistently seen till the end of the 
study. Similarly, McKiernan C et al., observed a decrease in RR 
1-hour after initiation of HFNC oxygen therapy (18±16 breaths/
min) compared with (6±14 breaths/min) those who did not receive 
HFNC oxygen therapy (p<0.001) in infants with bronchiolitis [14]. 
Improvement in SpO2 levels and decrease in RR and PCO2 was 
seen with the use of HFNC in infants with moderate to severe 
bronchiolitis [15].

In this study, significant improvement in the work of breathing 
(HR, RR and SpO2) did not reflect in the PaO2 parameters. This 
finding is similar to Oto A et al., where significant improvement 
in work of breathing was not reflected in ABG parameters (pH, 
PaCO2, PaO2) even after 12 hours of HFNC oxygen therapy [16]. 
This needs further research. However, it is to be noted that in 
this study, there was an improvement in baseline pH 7.35±0.05 
to 7.40±0.04 after application of HFNC oxygen therapy and 
acidosis got corrected within 12 hours of HFNC oxygen therapy 
(p=0.017). In this study, the mean hours on HFNC oxygen 
therapy was 43.27±16.31 hours which is higher than reported 
in an Indian study (33.84±10.8 hours) [13]. Only one child in this 
study witnessed failure of HFNC at hour 24 and required invasive 
ventilation. This is similar to data published [13,17] where none 
of the children, who received HFNC oxygen therapy required 
invasive ventilation whereas 4 out of 50 children, who received 
conventional oxygen later developed respiratory failure and 
needed mechanical ventilation (p<0.04).

In present study, HFNC oxygen therapy was well tolerated by 
children which is similar to the findings of Mayfield S et al., [18]. 
However, HFNC is still able to increase end-expiratory pressure 
despite being an open ventilation system. This is reflected in 
Hegde S et al., study which reported 3 cases of serious air leaks 
related to HFNC therapy [19]. Hence, HFNC oxygen therapy 
requires constant monitoring especially when used outside the 
PICU setting. A recent retrospective study concluded that the 
use of HFNC oxygen therapy is safe and efficacious in children 
aged between 1-23 months with suspected bronchiolitis even 
in a non-tertiary set-up or ward, with adequate moinitoring and 
robust transfer criteria [20]. However, in the recently published 
HFWHO Australia study which was an open, phase 4, randomised 
controlled trial in children less than 24 months with moderate 
bronchiolitis, the authors concluded that HFNC usage was not 
associated with any difference in the time to weaning off oxygen, 
or the length of stay compared to standard oxygen therapy. 
However, in children who were non-responders to standard 
oxygen therapy, HFNC could be looked upon as a rescue option 
to avoid escalation to invasive respiratory support especially in 
ICU settings [21]. HFNC was perceived as easy to administer 
and comfortable for children as per a survey conducted at non-

tertiary centres in Australia and New Zealand [22]. This could 
explain the growing use of HFNC in recent times. Present study 
has generated positive clinical data on HFNC oxygen therapy in 
moderate and severe bronchiolitis.

LIMITATION
Absence of comparative control groups and subgroup analysis 
are the limitations of the study. Further case-control studies are 
needed to help establish standardised guidelines regarding using 
and monitoring HFNC therapy particularly when used outside 
PICU settings.

CONCLUSION
HFNC oxygen therapy in moderate and severe bronchiolitis 
significantly decreases the work of breathing and need of invasive 
ventilation, and improves oxygen saturation. One patient failed 
HFNC oxygen therapy and required invasive ventilation. In addition, 
it was not associated with any known adverse events.
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