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Aim: The aims of this study were to elucidate the indications for HFNC therapy in children 
of all ages and diagnoses, and to evaluate the efficacy and risk factors for failure of HFNC 
therapy. 
Methods: A cross-sectional study was undertaken at Department of Pediatrics, Nalanda 
Medical College and hospital Patna, Bihar, India and consecutive patients with respiratory 
distress necessitating admission to PICU, in the age group of 1 month to 16 years of age were 
included. 
Results: A total of 200 children were commenced on HFNC therapy. HFNC failure occurred 
in 20 children at a median (IQR) time of 2 (1.75-24) hours. In univariate regression analysis, 
respiratory clinical score [Hazard ratio (95% CI) 4.9 (2.1-11.2), P=0.001]; SF ratio [HR (95% 
CI) 0.94 (0.97-0.99), P=0.012]; and COMFORT score, [HR (95% CI)1.99 (1.4-2.8), 
P=0.001] on admission were associated with HFNC failure. In multivariable regression 
analysis, none of these parameters were associated with increased risk of HFNC failure, 
respiratory clinical score [HR (95% CI) 2.26 (0.84-7.7), P=0.09], SF ratio, [HR (95% CI) 
0.99 (0.97- 1.00), P=0.29] and COMFORT score [HR (95% CI) 1.39 (0.88-2.21), P=0.15]. 
Conclusion: HFNC is an effective and safe primary mode of respiratory support in children 
with respiratory distress due to various causes. Children who succeed on HFNC show 
favourable response within first few hours and response is sustained over the next few days. 
Keywords: Comfort Score, Mechanical Ventilation, Non-Invasive Ventilation, SaO2/FiO2 
Ratio. 
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Introduction 

Oxygen supply via high-flow nasal 
cannula (HFNC) is a technique for non-
invasive respiratory support, which can be 
placed, regarding the level of support, 
between conventional oxygen therapy and 

noninvasive ventilation. It has been 
primarily developed 
for premature infants as an alternative to 
non-invasive positive pressure ventilation 
(nasal continuous positive airway pressure 
(nCPAP)) [1-3]. Acute respiratory distress 
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is the most common cause of pediatric 
intensive care unit admission. Invasive 
mechanical ventilation is an established 
effective supportive therapy for acute 
respiratory distress. High-flow nasal 
cannulas (HFNCs) are an increasingly 
used form of non-invasive respiratory 
support, and they have shown potential in 
reducing the need for intubation [4–7]. 
HFNCs enable the administration of high 
concentrations of oxygen with adequate 
relative humidity and temperature, and 
they have been shown to improve airway 
resistance and lung compliance, achieve a 
certain level of continuous positive airway 
pressure (CPAP), eliminate dead space and 
decrease respiratory work [8–11]. This 
helps to prevent mucosal dryness 
and increases the tolerance for the patient 
[7]. A consistent high flow rate leads to a 
reduced alveolar carbon dioxide 
concentration and thus reduced 
hypercapnia [12]. 
 In neonates and infants a flow rate of 2 
L/kg/min has been proposed, whereas in 
children flow rates should get closer to1 
L/kg/min [8,13]. As respiratory support 
with nCPAP, the HFNC-system provides a 
positive airway pressure and thus builds up 
a positive end expiratory Pressure (PEEP), 
which can be similar, greater or less than 
those produced by the nCPAP-systems 
[14-16]. HFNC therapy has been used in 
infants with respiratory distress syndrome 
and infants with bronchiolitis, and it has 
been shown to decrease respiratory distress 
and intubation rates, increase patient 
comfort and ease of use compared with 
facemasks or traditional cannulas, and 
shorten the length of stay in pediatric 
intensive care units (ICUs) [17-20]. 
Furthermore, due to the humidified and 
heated gas-mixture, children tolerate 
HFNC better than conventional oxygen 
supply, because of not having the sense of 
dry nasal or oral mucosa [10]. The 
humidified and heated air also improves 
the mucociliary clearance. Thus, the aims 
of this study were to elucidate the 

indications for HFNC therapy in children 
of all ages and diagnoses, and to evaluate 
the efficacy and risk factors for failure of 
HFNC therapy. 

Material & Methods 
A cross-sectional study was undertaken at 
Department of Pediatrics, Nalanda 
Medical College and hospital Patna, Bihar, 
India for six months and consecutive 
patients with respiratory distress 
necessitating admission to PICU, in the 
age group of 1 month to 16 years of age 
were included. Children requiring 
immediate noninvasive (NIV) or invasive 
ventilation and those with 
contraindications to HFNC, altered 
sensorium (GCS <12), apnea and 
catecholamine resistant shock were 
excluded. Acute respiratory distress was 
defined as hypoxemia (SpO2 < 94%) and 
signs of respiratory distress despite 
standard-flow oxygen therapy. All patients 
received standard-flow oxygen therapy via 
a traditional nasal cannula at 1–5 L/min, 
simple mask at 6–10 L/min or oxygen 
hood with 35–50% oxygen before they 
were switched to high flow (16, 17). The 
signs of respiratory distress included 
increased breathing rate and heart rate, 
color changes, grunting, nose flaring, 
retractions, wheezing, and sweating.  
The eligibility criteria for this study 
were: 
1. Age from 1 month to 16 years; and 
2. Patients with acute respiratory distress 

with hypoxia who used HFNC 
respiratory support for any period of 
time during their pediatric ICU 
admission. 

Exclusion criteria: 
1. Were older than 18 years and younger 

than 1 month; 
2. Had respiratory distress with low-flow 

oxygen therapy (such as a traditional 
nasal cannula at 1–5 L/min, simple 
mask at 6–10 L/min or oxygenhood 
with 35–50% oxygen) or respiratory 
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failure with invasive mechanical 
ventilation; 

3. Required respiratory support post 
extubation and after weaning from 
continuous positive airway pressure 
(CPAP) or bilevel positive airway 
pressure (BIPAP); 

4. Had a history of long-term ventilator 
dependency.  

Data Collection 
The following information was collected 
for all patients: (1) demographics and 
underlying medical history; (2) primary 
indication and respiratory infection status; 
(3) clinical parameters of disease severity, 
including heart rate, breathing rate, SpO2, 
venous blood gas from a central venous 
catheter, including pH and PCO2, as well 
as Pediatric Risk of Mortality (PRISM) III 
score, the initial and lowest level S/F ratio 
and the ROX index score; (4) variables 
after HFNC respiratory support, including 
initial and maximum HFNC parameters 

(FiO2 and flow) and duration of HFNC 
use; and (5) outcomes. The primary 
indication was defined according to the 
discharge summary and treatment 
modalities used during the ICU stay. The 
primary outcome was defined as success or 
failure of HFNC respiratory support, and 
the second outcome was defined as 1-
month mortality, and lengths of pediatric 
ICU and hospital stay. 

Statistical Analysis  
The statistical analysis has been performed 
using IBM SPSS  version 22 (SPSS Inc., 
Chicago, USA) and graphic representation 
of the results was made with Microsoft 
Excel 2016 (Microsoft Corporation, USA) 
and Prism Version 6.0 (GraphPad 
Software, Lo Jolla, USA). 
A p-value less than 0.05 were considered 
to be statistically significant. 

Results

 
 HFNC responders 

(n=180) 
Non- responders  
 (n=20) 

P value 

Age 
<6 mo  33 (18.34) 5 (25) 0.01 
6-23 mo  60 (33.33) 7 (35) 0.001 
2-5 y  70 (38.88) 4 (20) 0.001 
6-12 y  15 (8.33) 4 (20) 0.001 
13-16 y  2 (1.12)  0 0.001 
Diagnosis 
Bronchiolitis  35 (19.44) 1 (5) 0.001 
Pneumonia  52 (28.88) 15 (75) 0.001 
LRTI with wheezing  15 (8.34) 1 (5) 0.001 
Acute severe asthma  15 (8.34) 0 0.001 
Congenital heart disease  7 (3.88) 0 0.001 
Septic shock  41 (22.77) 3 (15) 0.001 
Others  15 (8.34) 0 0.001 
FiO2 (%) 40 (35-45) 60 (55-70) 0.08 
Flow (L/min)  15 (11-20) 16 (13-22) 0.45 
PIM2 score (%) 2.7 (1.1-6.4) 5 (4-14.3) 0.01 
Mortality  0 3  0.001 
Respiratory clinical score 
On admission  10 (9-11) 12 (11-12) 0.001 
At 60-90 min  9 (8-10) 12 (11-12) 0.001 
At 12-24 h  7 (6-8) 12 (11-12) 0.001 
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SF ratio 
On admission  316 (262-330) 260 (236-323) 0.03 
At 60-90 min  333 (281-346) 245 (217-246) ≤0.001 
At 12-24 h  360 (306-374) 245 (196-252) ≤0.001 
COMFORT score 
On admission  31 (29-33) 33 (32-35) ≤0.001 
At 60-90 min  29 (27-30) 33 (32-35) ≤0.001 
At 12-24 h  25 (24-26) 34 (32-35) ≤0.001 

 
A total of 200 children were commenced 
on HFNC therapy. HFNC failure occurred 
in 20 children at a median (IQR) time of 2 
(1.75-24) hours.In univariate regression 
analysis, respiratory clinical score [Hazard 
ratio (95% CI) 4.9 (2.1-11.2), P=0.001]; 
SF ratio [HR (95% CI) 0.94 (0.97-0.99), 
P=0.012]; and COMFORT score, [HR 
(95% CI)1.99 (1.4-2.8), P= 

0.001] on admission were associated with 
HFNC failure. In multivariable regression 
analysis, none of these parameters were 
associated with increased risk of HFNC 
failure, respiratory clinical score [HR 
(95% CI) 2.26 (0.84-7.7), P=0.09], SF 
ratio, [HR (95% CI) 0.99 (0.97- 1.00), 
P=0.29] and COMFORT score [HR (95% 
CI) 1.39 (0.88-2.21), P=0.15]. 
Discussion 
Humidified flow nasal cannula (HFNC) 
delivers heated and humidified gas mixture 
at a flow greater than patient’s inspiratory 
flow demand and can provide intermediate 
level of support between low-flow oxygen 
delivery and noninvasive ventilation (NIV) 
in critically ill children [12]. Retrospective 
studies have shown that HFNC is useful 
for conditions like bronchiolitis, asthma, 
pneumonia and congenital heart disease 
[18]. The evidence for its safety or 
usefulness in children is limited [13]. 
HFNC was effective in preventing 
intubation in children with respiratory 
distress in the present study with low 
failure rate in patients with various 
respiratory etiologies. The low failure rate 
on HFNC could be because was started 
relatively early and pre-emptively, even in 
cases of mild to moderate illness. Patients 

with shock were also managed 
successfully on HFNC in this study. The 
contribution of HFNC in recovery of these 
patients cannot be quantified since 
multimodal monitoring and management 
plays a more important role. However, 
HFNC helps in decreasing work of 
breathing in these patients by maintaining 
functional residual capacity. 
HFNC use requires additional treatment 
modalities before invasive ventilation 
which can be associated with adverse 
events and additional costs [19]. It may 
also be associated with delay in intubation, 
which however, was not seen in the 
present study. Our survey displayed the 
increasing use of HFNC on intensive care 
units, crossing the border of primary 
neonatal care and widening the indications. 
We showed that HFNC is considered for 
more and more diseases from the pediatric 
spectrum, like pneumonia, obstructive 
bronchitis or respiratory support in patients 
with cystic fibrosis or neuromuscular 
diseases. This observation matches with 
the growing number of publications 
regarding the use of HFNC as oxygen 
supply for diseases of the pediatric and 
adolescent spectrum and nowadays even in 
adults [20,21]. 
Previous studies regarding HFNC 
observed that the proximal airway pressure 
varied strongly depending on flow rates, 
mouth opening and nasal cannula size in 
comparison to the size of the nares 
diameter [21-23]. Sivieri et al. showed 
with an in vitro study that with flow rates 
of 1e6 L/min and an open mouth, the 
distending pressure does not exceed 2 
cmH2O. In contrast in the same model 
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with the mouth closed, the pressure rises 
up to 10 cm H2O [24].With these pressure 
peaks the patient could be at risk of severe 
pressure dependent complications. 
Therefore, concerns about the wide spread 
use of HFNC as a potentially less invasive 
form of oxygen supply have been raised 
[25, 26]. 

Conclusion 
HFNC is an effective and safe primary 
mode of respiratory support in children 
with respiratory distress due to various 
causes. Children who succeed on HFNC 
show favourable response within first few 
hours and response is sustained over the 
next few days. 
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