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Abstract

Acute lower respiratory infections (ALRI) are the main cause of hospitalization during the winter 
season. High-flow nasal catheter (HFNC) has been established as part of the treatment of these infec-
tions. Objective: To characterize the population of children with acute hypoxemic respiratory failure 
treated with HFNC and to determine the predictors of failure of this therapy. Patients and Method: 
Prospective study in children under 2 years of age admitted due to ALRI treated with HFNC at the 
Pereira Rossell Hospital Center (CHPR), from 20/5 to 20/09 2019. Data were collected from medical 
records and analyzed with SPSS 21.0 software. The following quantitative variables were analyzed: 
gestational age, birth weight, current age and weight, respiratory rate, pH, pCO2, HCO3

-, BE, and pre-
connection white blood cell count. The qualitative variables evaluated were: sex, comorbidities, radio-
logical alterations, viral antigens, and history of similar episodes. Two groups were defined according 
to the success or failure of treatment with HFNC, where the following variables were evaluated: sex, 
weight, age, gasometric alterations, and white blood cell count. Results: 449 patients were included, 

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

The high-flow nasal cannula (HFNC) provides comfort and even-
tually prevents the use of invasive respiratory support techniques. 
Some failure factors are elevated pCO2, prematurity, low birth 
weight, and low current weight.

What does this study contribute to what is already known?

In this clinical trial, high-flow nasal cannula (HFNC) oxygen thera-
py in children under 2 years old with acute lower respiratory infec-
tion, was not succesfull in patients with lower gestational age, low 
birth weight, and higher respiratory rate (RR) before connection. 
Pre-connection RR to HFNC was the main predictor of technique 
failure.
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Introduction

The high-flow nasal cannula (HFNC) oxygen ther-
apy provides humidified and heated oxygen at flow 
rates that exceed the volume per minute requirements. 
Flow rates of 1 l/kg/min to 2 l/kg/min can provide high 
oxygen concentrations and some degree of positive in-
trathoracic airway pressure1.

Since its introduction to neonatal intensive care 
units (ICUs) more than 20 years ago, HFNC oxygen 
therapy has been increasingly used in neonates, in-
fants, and children to treat severe respiratory distress 
and avoid the need for intubation and mechanical ven-
tilatory support2-4. Worldwide, this method of respira-
tory support has been incorporated into the treatment 
of acute respiratory failure associated with acute lower 
respiratory infections (ALRI)5. In Uruguay, the use of 
HFNC was extended outside children’s ICUs to mod-
erate care wards since 2011, and to emergency services 
since 20135,6.

In contrast to low-flow nasal cannula oxygen ther-
apy, HFNC allows 100% oxygen delivery and reduces 
work of breathing by the clearance of the anatomic dead 
space in the upper airway and intrathoracic airways. 
Most of the available scientific evidence regarding the 
potential benefits of this therapy is derived from infants 
or young children with bronchiolitis or pneumonia. 
Studies have suggested a reduced need for intubation 
but have failed to demonstrate an impact on mortality 
or ICU admission and/or stay7-12. Despite not having 
demonstrated benefits on variables considered “hard”, 
it has gained wide acceptance due to good tolerance and 
the possibility of using it outside the ICU.

Unlike other respiratory support techniques, the 
failure predictors with HFNC in children have not been 
well established. In retrospective studies, it was observed 
that elevated pCO2 and lower levels of oxygen satura-
tion/inspired oxygen fraction (SpO2/FiO2) ratio were 
predictors of failure of this technique13,14. Other factors 
such as gestational age, birth weight, and current weight 
may influence the evolution of these patients15,16.

It is important to have tools that allow early detec-
tion of the risk of failure of the technique since a delay 
in intubation could lead to an increase in morbidi-

ty and mortality13. The objective of this study was to 
identify possible predictors of failure of HFNC oxygen 
therapy in children under 2 years old with acute hy-
poxemic respiratory failure secondary to ALRI. 

Patients and Method

Design
Retrospective observational study in children un-

der 2 years old who received respiratory support with 
HFNCdue to respiratory failure secondary to ALRI be-
tween 20 May and 20 September 2019 in the emergen-
cy department, intermediate care units, and ICU of the 
Centro HospitalarioPereira Rossell (CHPR).

The criteria for the use of HFNC were modified 
TAL score higher than 8 at the time of consultation 
or higher than or equal to 6 despite treatment, or he-
moglobin oxygen saturation less than 90% with con-
ventional oxygen therapy. Impaired consciousness, 
hemodynamic instability, and pneumothorax were 
considered contraindications for the use of HFNC6.

Patients who received noninvasive ventilation 
(NIV) or invasive mechanical ventilation (IMV) be-
fore the use of HFNC during hospitalization, those 
with anatomical anomalies of the upper airway (cho-
anal atresia, facial bone or skull base trauma, etc.), 
neuromuscular disease, and those in whom the indi-
cation for HFNC was a cause other than ALRI were 
excluded from the study.

An air/oxygen blender with a flowmeter coupled 
to a heated humidifier (Fisher & Paykel®) along with a 
nasal cannula appropriate to the size of the child was 
used to provide the support with HFNC. Treatment 
was started with HFNC at 2 l/kg/min and inspired ox-
ygen fraction (FiO2) of 60%.

Study variables
The quantitative variables analyzed were gesta-

tional age (GA), birth weight (BW), current age and 
weight, respiratory rate (RR), pH, pCO2, HCO3, BE, 
and pre-connection white blood cell count andthe 
qualitative variables evaluated were sex, presence of 
comorbidities (broncho-obstructive syndrome, atrial 

of which 274 (61%) were successful with the treatment. Those who failed had lower gestational age (p 
= 0.003), birth weight (p = 0.046), and pre-connection higher respiratory frequency (RF) (p = 0.031). 
In the multiple logistic regression model, pre-connection RF predicted failure for HFNC treatment 
(OR: 1.035 IC 95%: (1.01-1.07)). In the analysis with ROC curves, the area under the curve for RF was 
0.558 (CI 0.503-0.613). The RF with the highest sensitivity (53%) and specificity (55%) was 59 breaths 
per minute. Conclusion: Pre-connection RF to HFNC was the main predictor of technique failure. It 
is necessary to deepen other characteristics to find reliable predictors of failure.
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septal defect, other congenital heart diseases, bron-
chopulmonary dysplasia, and anemia), radiological 
alterations (interstitial infiltration, hyperinflation, at-
electasis, inhomogeneous opacity, fissure sign), viral 
antigens detected by immunochromatography (RSV, 
Influenza A and B, Adenovirus, and Parainfluenza), 
and history of similar episodes.

Groups conformation
For the analysis, the population was divided into 

two groups, the group of children who responded to 
treatment with HFNC (success group) and the group 
in which the therapy failed (failure group). The first 
group included those who showed clinical improve-
ment and continued with less complex respiratory 
support measures. The second group included those 
who had to escalate respiratory support and required 
NIV or IMV. The criteria for failure as previously de-
fined in the protocol were: TAL score higher than 8 
sustained or increasing, respiratory acidosis with aci-
demia (pH < 7.2), impaired consciousness, or hemo-
dynamic failure after initiation of HFNC. No time lim-
it was considered in the definition6. Children in whom 
the technique succeeded or failed were compared and, 
within the latter, those who required NIV were com-
pared with those who required IMV.

The investigators were not involved in therapeutic 
decisions. The source of data was clinical records.

The protocol was approved by the Ethics Committee 
of the institution. Informed consent was obtained from 
the parent or guardian. The information was processed 
confidentially, and the child’s identity was protected.

Statistical analysis
Qualitative variables were described by summary 

measures (frequencies) and quantitative variables by 
means and ranges. In the comparison between the suc-
cess and failure groups, the Chi-square test was used 
for qualitative variables and the Student t-test for inde-
pendent samples. In the analysis of the failure predic-
tors, a multiple logistic regression model was applied 
with the calculation of crude and adjusted Odds Ratio 
(OR) values. For this model, the sample size was 120 
patients estimated by Freeman’s formula using11as 
numerical value. The receiver operating characteris-
tic (ROC) curve analysis was applied for the quanti-
tative variables that showed statistical significance in 
the aforementioned model. p values < 0.05 were con-
sidered statistically significant. Statistical analysis was 
performed using IBM SPSS 21.0 software for Windows.

Results

449 children under 2 years old with ALRI were 

included in the study, 272 (60.6%) corresponded to 
bronchiolitis and 177 (39.3%) to viral pneumonia. The 
mean age was 6.3 months (range 0-24 months) and 
287 (63.9%) were male.

Respiratory support with HFNC was successful in 
274 (61%) and failed in 175 (39%). In the latter group, 
110 (62.9%) required NIV, and 65 (37.1%) required 
IMV (figure 1).

Failure of HFNC therapy was associated with lower 
GA and BW and higher pre-connection RR. There was 
a tendency to present more radiological complications 
in this group and one-third of those who the technique 
failed were younger than 3 months. Table 1 compares 
the characteristics of the children from the success 
group with the failure group.

Table 2 shows the success group and the failure 
group who required NIV and IMV. Patients in whom 
the technique failed and required respiratory support 
with NIV had lower GA, BW, and current weightand 
those who required IMV presented lower age and cur-
rent weight and higher pCO2. In both groups, RR was 
higher in the failure group.

In order to determine possible variables that could 
predict success or failure in treatment with HFNC, a 
logistic regression model was performed (tables 3 and 
4), including the variables that showed an association 
with failure or success (data from tables 1 and 2).

It was observed that the three variables BW, GA, 
and pre-connection RR were statistically significant in 
a simple logistic regression model: RR, GA, and BW 
but when analyzedin a multiple logistic regression 
model, it was observed that pre-connection RR and 
BW were statistically significant as a factor associated 
with failure. The area under the ROC curve for RR was 
0.558 (95%CI 0.503-0.613) and the RR with the best 
sensitivity (53%) and specificity (55%) was 59 breaths 
per minute (figure 2).

There were no mechanical complications associat-
ed with the use of HFNC in this study. None of the 
included patients died.

Discussion

This study shows the results of the use of HFNC 
oxygen therapy in the treatment of hypoxemic respi-
ratory failure in the largest cohort of children under 2 
years old reported to date. The size of the sample and 
the inclusion of children with different types of ALRI 
are a contribution when interpreting the findings and 
could be extrapolated to clinical practice.

The findings show that HFNC oxygen therapy rep-
resents an effective noninvasive respiratory support 
modality in these children. Most children under 2 
years old with bronchiolitis and viral pneumonia pro-

High-Flow Nasal Catheter - H. Telechea et al



447

ORIGINAL ARTICLE

High-Flow Nasal Catheter - H. Telechea et al

gressed favorably and had no complications associated 
with the technique.

It was observed that children with higher GA and 
BW had a higher success rate of HFNC. In contrast to 
what has been described in other studies, the absence 
of comorbidities or underlying diseases was not associ-
ated with the success of the technique14,17.

The frequency of failure observed in this study was 
high (39%), higher than that reported in other series (6 
and 19%)15,18,19.

The failure rates reported in other studies are vari-
able. This is probably determined by the definition of 
failure considered and the characteristics of the popu-
lation studied17. Betters et al. and Vareesunthorn et al. 
reported a failure rate of 6% and 7%, respectively20,21. 
Also, Kallappa et al. found an intubation rate of 24% in 
children with ALRI treated with HFNC22.

Several factors may be related to this finding. The 
criteria used to define failure are not homogeneous. 
In contrast to this study, in most of the published se-
ries, the need for respiratory support with NIV is not 
considered failure and is limited to IMV. Its inclusion 
as another criterion increases the failure rate. In ad-
dition, there is heterogeneity in the inclusion criteria 
used, since neonates, patients with chronic pulmonary 

Figure 1. Flowchart for analysis by logistic regression in children 
under 2 years old admitted due to lower respiratory tract infec-
tions treated with high-flow nasal cannula (winter 2019). HFNC: 
high-flow nasal cannula. IMV: invasive mechanical ventilation. 
NIV: noninvasive ventilation.

Table 1. Predictors of failure with oxygen therapy by high-flow nasal cannula in children under 2 old with acute respiratory infections. Cha-
racteristics of children in whom high-flow nasal cannula was successful and failed (N = 449)

Variable Success (n = 274) Failure (n = 175) p value

Male. n (%) 178 (65) 109 (62.3) 0.564

≤ 3 month. n (%) 74 (27.1) 59 (33.7) 0.129

3-6 months. n (%) 76 (27.8) 39 (22.3) 0.197

6-12 months. n (%) 73 (26.7) 51 (29.1) 0.563

> 12 months. n (%) 49 (18.3) 26 (14.9) 0.392

At least one previous episode. n (%) 107 (40.7) 61 (37.2) 0.473

Previous ICU admission. n (%) 47 (17.2) 33 (18.9) 0.645

Chest radiography complications. n (%) * 45 (18.1) 43 (26.1) 0.052

Gestational age weeks. media ± SD (range) 37.9 ± 2.3 (37.6-38.2) 37.1 ± 3.2 (36.6-37.6) 0.003

Actual age months. media ± SD (range) 6.6 ± 5.5 (5.9-7.2) 5.9 ± 5.0 (5.2-6.7) 0.203

Birth weight grams. media ± SD (range) 3069 ± 643 (2.989-3.151) 2931 ± 738 (2.815-3.047) 0.046

Actual weight grams. media ± SD (range) 7042 ± 2615 (6.715-7.369) 6944 ± 2711 (6.518-7.370) 0.716

pH media ± SD (range) 7.17 ± 1.1 (7.04-7.30) 7.24 ± 0.79 (7.12-7.36) 0.476

pCO2 mmHg. media ± SD (range) 42.7 ± 9.35 (41.6-43.9) 43.9 ± 10.7 (42.3-45.5) 0.226

HCO3 mmol/L. media ± SD (range) 21.7 ± 3.81 (21.3-22.2) 21.8 ± 3.93 (21.2-2.4 0.909

BE mmol/L. media ± SD (range) -3.41 ± 3.51 ((-0.38) - (-3)) -3.32 ± 3.37 ((-3.8) - -2.8)) 0.808

Respiratory rate respirations/minute. media ± SD (range) 56 ± 12 (54.4-57.2) 58 ± 12 (56.5-60.0) 0.031

White blood cells count/mm3. media ± SD (range) 12898 ± 5.142 (12.248 -13.547) 13117 ± 6.175 (12.176-14.058) 0.696

ICU: Intensive care unit. *Complications in chest radiography: inhomogeneous opacity. atelectasis. pneumothorax. cisuritis.

diseases, chromosomopathies, and those with a history 
of orotracheal intubation are frequently excluded. An 
additional factor that may influence the response to re-
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Table 2. Predictors of failure with oxygen therapy by high-flow nasal cannula in children under 2 years of age with acute respiratory infec-
tions. Características de los pacientes que fracasaron según el soporte respiratorio que recibieron

Variable Success
(n 274)

Failure with non 
invasive ventilation 

(n 110)

p value Failure with inva-
sive mechanical 

ventilation (n 65)

p value

Male. n (%) 178 (65) 64 (58) 0.213 45 (70) 0.51

At least one previous episode. n (%) 107 (39) 43 (39) 0.743 18 (28) 0.076

Previous ICU admission. n (%) 47 (17) 22 (20) 0.511 11 (17) 0.965

Chest radiography complications. n (%) * 45 (16) 26 (24) 0.127 17 (26) 0.099

Comorbidities. n (%) 73 (27) 36 (33) 0.663 9 (14) 0.046

RSV. n (%) 141 (67.1) 69 (32.9) 0.045 5 (8) 0.000

Adenovirus. n (%) 1 (0.4%) 1 (1%) 0.503 0 0.628

Influenza. n (%) 4 (1.5%) 2 (2%) 0.798 4 (6) 0.327

Gestational age weeks. media ± SD 37.9 ± 2.3 36.8 ± 3.4 0.001 37.5± 2.8 0.239

Actual age months. media ± SD 6.6 ± 5.5 7.3 ± 5.3 0.267 3.7± 3.5 0.000

Birth weight grams. media ± SD 3070 ± 642 2901 ± 752 0.038 2977 ± 718 0.328

Actual weight grams. media ± SD 7712 ± 2.742 7042 ± 2.615 0.036 5723 ± 21.2 0.000

pH media ± SD 7.17 ± 1.1 7.27 ± 0.7 0.377 7.19 ± 0.9 0.921

pCO2 mmHg. media ± SD 42.7 ± 9.3 42.4 ± 10.1 0.746 46.5 ± 11.4 0.006

HCO3 mmol/L. media ± SD 27.8 ± 3.8 21.7 ± 4 0.825 22 ± 3.7 0.595

BE mmol/L. media ± SD -3.41 ± 3.5 -3.3 ± 3.7 0.804 -3.4 ± 2.8 0.916

Respiratory rate respirations/minute. media ± SD 56 ± 11.6 61 ± 12.4 0.002 61 ± 13.3 0.002

ICU: Intensive care unit. RSV: Respiratory syncytial virus. *Complications in chest radiography: inhomogeneous opacity. atelectasis. pneu-
mothorax. cisuritis

High-Flow Nasal Catheter - H. Telechea et al

Table 3. Simple and multiple logistic regression models for children under 2 years old who required invasive mechanical ventilation. admit-
ted due to lower respiratory infections treated with high-flow nasal cannula

Simple logistic regression for invasive mechanical ventilation

Variable B p value OR Confidence interval 95%

Upper limit Lower limit

Age in months 0.115 0.054 1.12 0.998 1.260

Actual weight 0.000 0.811 1 1.000 1.000

pCO2 -0.021 0.192 0.979 0.948 1.011

Respiratory rate -0.028 0.033 0.973 0.948 0.998

Multivariate analysis for invasive mechanical ventilation

Variable B p value OR Confidence interval 95%

Upper limit Lower limit

Weight at birth 0.000 0.795 1.00 0.99 1.00

Gestational age 0.098 0.343 1.10 0.90 1.35

Age in months 0.115 0.054 1.12 0.998 1.260

Actual weight 0.000 0.001 1 1.00 1.00

pCO2 0.023 0.264 1.024 0.98 1.07

Respiratory rate 0.034 0.037 1.035 1.00 1.07

RSV 1.063 0.14 2.896 1.24 6.78

Cox and Snell coefficient: 0.141. Nagelkerke coefficient: 0.167. RSV: Respiratory syncytial virus. B: Beta coefficient. OR: Odds Ratio
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Figure 2. ROC curve for respiratory rate in children under 2 years old admitted 
due to lower respiratory infections treated with high-flow nasal cannula.

Table 4. Simple and multiple logistic regression models for children under 2 years old who required noninvasive ventilation. admitted for 
lower respiratory infections treated with high-flow nasal cannula

Simple logistic regression for noninvasive ventilation

Variable B p value OR Confidence interval 95%

Upper limit Lower limit

Gestational age 0.104 0.142 1.109 0.966 1.274

Actual weight 0.000 0.012 1 1.000 1.000

Birth weight 0.000 0.724 1.000 1.000 1.001

Respiratory rate -0.006 0.626 0.994 0.972 1.018

Multivariate analysis for noninvasive ventilation

Variable B p value OR Confidence interval 95%

Upper limit Lower limit

Birth weight 0.00 0.795 1.00 0.99 1.00

Gestational age -0.098 0.343 0.91 0.74 1.1

Age in months -0.098 0.054 1.12 0.998 1.260

Actual weight 0.000 0.001 1.00 1.00 1.00

pCO2 -0.020 0.264 0.98 0.94 1.02

Respiratory rate -0.034 0.037 0.97 0.94 0.99

RSV -1.063 0.140 0.345 0.15 0.81

Cox and Snell coefficient: 0.141. Nagelkerke coefficient: 0.167. RSV: Respiratory syncytial virus. B: Beta coefficient. OR: Odds Ratio

spiratory support technique, is the time from symptom 
onset, especially from the onset of respiratory distress. 
This factor was not considered in this analysis, nor was 
the time factor included in the assessment of the re-
sponse to the technique. Some studies have found that 
a decrease of less than 20% in RR after 1 hour of con-
nection to HFNC is an indicator of failure17.

Finally, it is important to consider that this is a de-
scriptive study, in which the investigators did not par-
ticipate in clinical decision-making, and without con-
trol of other variables that may influence therapeutic 
response, such as pharmacological treatment, nursing 
care, physiotherapy, etc. Further analysis of these fac-
tors is needed in future studies.

In the univariate analysis, the group of children in 
whom the technique failed presented lower GA and 
BW, and higher RRbefore connection to HFNC. These 
variables were associated with the need for respiratory 
support with NIV and IMV. The study by Abboud et 
al. mentioned that prematurity increases mortality and 
the risk of respiratory comorbidities, on the contrary, 
it did not show statistical evidence of increasing the 
need for escalating therapeutic measures23. The iden-
tification of these characteristics is useful when assess-
ing the response to HFNC and early identification of 
those patients in whom this modality of respiratory 
support is most likely to be of little benefit.
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In the study by Sunkonkit K et al., the presence 
of congenital heart comorbidity, lobar infiltration 
on chest x-ray, the use of HFNC with maximum FiO 
2 > 0.6, and a reduction in heart rate and respiratory 
rate of less than 20% after 1 hour of HFNC use were 
predictors of failure. However, this study included 
children from 1 month to 15 years of age, with oth-
er pathologies (pneumonia, congestive heart failure, 
post-extubation stridor)17. In this series, heart rate 
before connection was not analyzed, and radiological 
alterations (inhomogeneous opacity, atelectasis, pneu-
mothorax, fissure sign) were analyzed globally and di-
chotomously and did not reach statistical significance. 
It is well known that the presence of pneumonia is a 
predictor of failure of this therapy, so it would be im-
portant to include these aspects in future research24.

It is important to note that, in the overall analysis, 
no association was observed between the mean values of 
the parameters in the pre-connection blood gas analysis 
and the success or failure rate. However, in the analy-
sis according to the type of respiratory support subse-
quently used, the children who required IMV had high-
er mean pCO2 than those in whom HFNC therapy was 
successful. This is consistent with other publications, 
which identify pCO2 as a factor associated with failure18.

In the simple logistic regression model, GA, BW, 
and pre-connection RR maintained statistical signifi-
cance, which increases their association with the risk 
of HFNC failure. Despite this, the area under the ROC 
curve for RR showed little discriminatory capacity.

It is necessary to highlight the limitations of the 
study. One of them is the fact that the decision to 
connect to HFNC and to escalate respiratory support 
measures is subjective since it depends on clinical ex-
perience. Another consideration is that the statistical 
significance values in relation to the logistic regression 
analysis were close to 1 (no difference). Regardless of 
this, it should be noted that the variables selected are 
valuable since they are objective and available in rou-
tine practice. This study seeks to identify concrete tools 
to identify which patients have more chances of suc-
cess or failure with this technique. From these results, 
it is not possible to make recommendations on the in-
dication for HFNC in case of ALRI.

This study has some limitations when interpreting 
and extrapolating the results. First, it is a retrospective 
study, which presents the information and selection 
biases inherent to this type of design. Secondly, al-
though this study was carried out in a national refer-
ence center, with a large sample size and representative 
of seasonal pathology, it is a single center, where the 
most vulnerable sector of the population is seen, main-
ly from the country’s capital. Thirdly, in this type of 
study, the lack of control over key variables such as the 
indication, initial flow, discontinuation of the HFNC, 

and concomitant medical treatment may influence the 
results. Finally, the lack of analysis of some variables 
such as duration of respiratory distress pre-connec-
tion, heart rate before connection, and response time 
to HFNC, prevents a better understanding of the fac-
tors associated with success or failure.

In conclusion, HFNC represents a useful and safe 
noninvasive respiratory support measure for the treat-
ment of hypoxemic respiratory failure in children under 
2 years old with ALRI. However, children with lower 
BW and those with higher pre-connection RR should 
be carefully monitored because of the increased risk of 
HFNC failure. Special attention should be paid to the 
pCO2 level since mean values higher than 45 mmHg 
are also associated with failure and need for IMV. Fu-
ture studies, with prospective designs and the inclusion 
in the analysis of other variables such as heart rate and 
response time, could be useful to establish scores or pre-
dictive models that contribute to optimizing treatment.
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