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Background: The aim of this prospective randomized controlled study was to further compare the clinical benefits and adverse reactions of HFNC with CPAP in the treatment of mild to moderate respiratory failure due to pneumonia in children below 2 years old.

Methods: Using a prospective randomized controlled study method, 84 patients with pneumonia and mild to moderate respiratory failure admitted to the Children's Hospital Affiliated to Chongqing Medical University from January 2018 to December 2019 were randomly divided into the HFNC group and the CPAP group. It was registered as a clinical trial at clinical trials.gov, registration number: ChiCTR2000030463.

Results: The analyses included 84 patients. No differences were observed between the two groups in baseline demographic or physiological characteristics. Treatment failure necessitating intubation and transfer to the PICU was noted in six of 43 infants (14%) in the HFNC group, as compared with four of 41 infants (10%) in the CPAP group (P > 0.05). There were no significant differences between the two groups in the duration of hospital stay, the duration of non-invasive respiratory support, and mortality. The 10 infants who experienced treatment failure had more severe hypoxemia with lower PaO2/FiO2 (HFNC 182 ± 11.5 and CPAP 172 ± 8.6). We found that both the HFNC group and the CPAP group showed significantly improved oxygenation and relief of respiratory distress after treatment. No differences were observed between the two groups in the development improvement of RR, PaO2, PaCO2, SpO2, and PH. Assessment of the occurrence of adverse events showed that the HFNC group had a lower level of nasal injury, a lower risk of abdominal distension, a lower intensity and frequency of sedation, and better tolerance.

Conclusion: HFNC is an effective and safe initial respiratory support treatment in children <2 years with mild to moderate respiratory failure due to pneumonia, and the incidence of intubation and death is very low; concurrently, the comfort and tolerance of HFNC are better. To some extent, HFNC is a well-tolerated alternative to CPAP.
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INTRODUCTION

Pneumonia is a major cause of respiratory failure in pediatric patients (1), It's the world's leading infectious cause of death in children younger than five, causing 808,694 deaths, or 15% of all deaths in this age group, in 2017 (2, 3).

Hypoxemia is the main risk factor leading to pneumonia-related death in children (4); conventional oxygen therapy is limited to delivering high concentration oxygen through standard nasal intubation to treat hypoxemia. The hallmark of severe pneumonia is respiratory failure resulting in hypoxemia, increased work of breathing, and/or hypercarbia, and all of these conditions respond to the provision of positive pressure. Although continuous positive airway pressure (CPAP) is currently an effective and safe non-invasive respiratory support model in bronchiolitis (5), the availability of CPAP is limited because of the requirement of technical skills, clinical, equipment, and maintenance follow-up (6).

High-flow nasal cannula (HFNC) oxygen therapy has been increasingly used in children of respiratory support, and it is easy to use and is well-tolerated by patients. It can regulate the oxygen flow and concentration, and it provides excellent humidification (7–9) and has some CPAP effect. In recent years, a few large sample-sized prospective clinical studies and meta-analysis have suggested that HFNC has a positive effect on oxygenation improvement, decreased work of breathing, intubation rate reduction, and need for respiratory support after extubation (10). HFNC has been found to be better than standard oxygen therapy, oxygen delivered through a standard nasal cannula, at a rate of up to 2 l of 100% oxygen per minute, to treat hypoxemia (11, 12); furthermore, it has been shown to have better tolerance and less adverse reactions than CPAP (13). HFNC is associated with a lower 90-days mortality rate, and intubation rate in severe hypoxemic patients treatment with high-flow oxygen, standard oxygen, or non-invasive ventilation(NIV) did not result in significantly different (14). HFNC is a new method of providing respiratory support in newborns, infants, children, and adults (9, 15–17), and it may be considered as a potential first-line strategy for the management of acute respiratory failure.

However, there are few randomized controlled trials (RCTs) comparing HFNC with CPAP in children with pneumonia and respiratory failure. A recent meta-analysis of HFNC vs. nasal continuous positive airway pressure (nCPAP) in children with respiratory distress revealed that nCPAP is associated with a lower risk of treatment failure than HFNC in infants aged 1–6 months with acute lower respiratory infection (ALRI), moderateto-severe respiratory distress, and severe hypoxemia, but there was inadequate conclusive evidence in infants aged 6–12 months (18). However, only 2 trials in this article compared HFNC with nCPAP in patients with severe pneumonia, and there is a lack of trials in patients with mild to moderate respiratory failure. Therefore, it is still unclear whether HFNC can be an effective and pleasant alternative to CPAP in children with mild to moderate respiratory failure.

Based on this uncertainty, we focused on children <2 years with mild to moderate respiratory failure due to pneumonia, and we performed this prospective RCT to further evaluate the clinical benefits and adverse reactions of HFNC in comparison with CPAP for the treatment of children <2 years with mild to moderate respiratory failure due to pneumonia(Chinese Clinical Trial Registry registration number: ChiCTR2000030463).



MATERIALS AND METHODS


Patients

We performed a prospective RCT of two respiratory support models for children with mild to moderate respiratory failure due to pneumonia in Chongqing, China.

The clinical diagnostic criteria of pneumonia are acute infection of lung parenchyma and / or pulmonary interstitium, causing varying degrees of hypoxia and infection symptoms, usually accompanied by fever, cough, shortness of breath, lung moist rales, abnormal chest X changes (19).The imaging evidence of pneumonia is consolidation (with or without dense or fluffy opacity of bronchography), other infiltration (linear and patchy alveolar or interstitial density), or pleural effusion. Severe pneumonia is characterized by cyanosis, shortness of breath, RR ≥ 70 per min (infant) or RR ≥ 50 per min (over 1 year old), assisted breathing (groan, nasal fan, trigeminal sign), intermittent apnea or oxygen saturation <92%. Patients were treated with CPAP or HFNC therapy in addition to standard management of severe pneumonia.

Inclusion criteria were as follows: (1) children <2 years with severe pneumonia, who have no indication of emergency tracheal intubation and have relatively stable vital signs under traditional oxygen inhalation.

Mild to moderate respiratory failure defined by hypoxemia level of 150 < oxygenation index (PaO2/FiO2 ratio) < 300 and PaCO2 <70 mm Hg with spontaneous breathing under standard oxygen (14); (2) family members have signed the informed consent form and approval of the ethics committee of the hospital has been obtained.

Exclusion criteria were as follows: (1) patients with complicated congenital heart disease, severe malnutrition, neuromuscular disease, metabolic disease, and other serious basic diseases; patients with chronic lung disease, secondary respiratory failure, including bronchopulmonary dysplasia, congenital airway dysplasia, and other chronic lung diseases; (2) patients who stopped treatment in the middle as the withdrawal standard, and cure or death as the termination standard.



Procedures

The study was conducted between January 2018 and December 2019 in the emergency ward of Children's Hospital Affiliated to Chongqing Medical University.

Patients were randomized as soon as study eligibility was confirmed.

Eligible patients were randomized to either CPAP or HFNC (1:1) using sequentially numbered envelopes. The study was not blinded, since HFNC and CPAP are already used in practice and are recognizable by clinicians. The HFNC group: patients received Airvo2 type warm humidification high flow double chamber nasal oxygen therapy ventilator (Fisher Parker company of New Zealand) for ventilation within 3 h. The initial parameter was set at 50-60% oxygen concentration, and the inhaled oxygen flow was set at 2 L/kg/min to a limit of 20 L/min to maintain the transcutaneous oxygen saturation ≥92–94%.

The CPAP group: the initial parameter was set at 50–60% oxygen concentration, the pressure was set at 4–6 cm H2O, and the flow rate of oxygen supply was set at 5–10 L/min to maintain the transcutaneous oxygen saturation ≥92–94%.

The vital signs were monitored closely, and the improvement in respiration, heart rate, and SpO2 was evaluated 1 h later. If improvement was found, the treatment was continued. If the SpO2 level was lower than 92% during the treatment, and there was persistent tachycardia and tachypnea, tracheal intubation and invasive ventilator- assisted ventilation were performed. The FiO2 level was adjusted according to the PaO2 and SpO2 levels to provide an oxygen level as low as possible to maintain SpO2 of at least 92% (or≥94%). When the FiO2 level was ≤0.3 and the SpO2 level was ≥94%, tachycardia and tachypnea were obviously relieved; HFNC and CPAP were discontinued during general low-flow oxygen therapy at a flow rate of 1–2 L/min.



Observations and Paraclinical Examination

All patients were monitored for arterial blood gas analysis at the time of admission, and then at least once a day for 2 days. Chest x-ray was performed prior to treatment, and the diagnosis of pneumonia was confirmed.

All patients were intensively observed by a trained nurse and doctor. The RR, HR, PaCO2, PaO2, SpO2, and PaO2/FiO2 ratio were observed before treatment and 1, 24, and 48 h after treatment.

Interruption mainly occurred when the child's condition improved. Treatment failure was comprehensively evaluated by a responsible physician to determine whether the patient should be transferred to PICU for mechanical ventilation treatment.



Outcomes

Primary outcomes, including the incidence of treatment failure and intubation, the duration of hospital stay and PICU stay, the duration of non-invasive respiratory support, and mortality, were compared between the two groups.

Secondary effectiveness outcomes were adverse reactions and change in HR, RR, SpO2, PaO2, and PaCO2 at 1, 24, and 48 h after the initiation of treatment.

Adverse reactions mainly included children's comfort and tolerance to ventilation measures, the need for sedatives, observation of abdominal distension, pneumothorax, facial compression, cardiac arrest, and other adverse reactions.



Statistical Analysis

Previous studies have found that the failure rate of nCPAP and HFNC in infants with moderate to severe bronchiolitis is 31.0 and 50.7%, respectively (6). We hypothesized that the failure rate would be similar for pneumonia with respiratory failure (30% and 50%) so as to meet the criterion for non-inferiority; considering an α error of 0.05, a β error of 0.20, and a sampling rate of 0.9, a sample size of 68 patients was calculated.

For group comparisons, according to the normal distribution, the measurement data were represented by median (interquartile range) or mean ± standard deviation, and Wilcoxon rank-sum test or two-sided Student's t-test was used for non-normally distributed data and normally distributed data, respectively. Count data were represented by rate, and Chi2 test was used for binary outcomes.

For all analyses, the significance level was defined as p < 0.05. All statistical analyses were performed using SPSS 23.0 statistical software.



Ethics

The study was prospectively approved by the Ethics Regional Committee of Children's Hospital Affiliated to Chongqing Medical University, and it was registered as a clinical trial at clinical trials.gov, registration number:

ChiCTR2000030463. Written informed consent was obtained from all legal guardians prior to performing any study-related procedures.




RESULTS

During the study period, a total of 155 infants aged <2 years were hospitalized for pneumonia with respiratory failure and were assessed for eligibility. Figure 1 describes the process of screening, assigned to the trial group, and the number of children. A total of 71 children were excluded. Thus, 84 children were included in the analysis (Figure 1).


[image: Figure 1]
FIGURE 1. Number of children screened, assigned to a trial group, and preliminarily analyzed.


Table 1 describes the 84 children included in the study. No differences in baseline demographic or physiological characteristics were observed between the two groups (Table 1).


Table 1. Baseline characteristics of children with pneumonia and mild to moderate respiratory failure.
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Primary Outcome

Treatment failure necessitating intubation and transfer to the PICU was noted in 6 of 43 infants (14%) in the HFNC group, as compared with 4 of 41 infants (10%) in the CPAP group (P > 0.05) (Table 2). There were no significant differences between the two groups in the duration of hospital stay, the duration of non-invasive respiratory support, or treatment failure with escalation of oxygen therapy (P > 0.05) (Table 2).


Table 2. Primary outcomes in the study groups.
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The mortality of the two groups was the same. CPAP was not superior to HFNC in the treatment of pneumonia with respiratory failure with respect to mortality, escalation of oxygen therapy, and Length of stay (LOS) or PICU admission rate. The children in the CPAP group who experienced treatment failure were older [8 months (range, 2.25–12.25 months)] than those in the HFNC group [2 months (range, 1–5.25 months)], and the absolute heart rate and respiratory rate were lower in the CPAP group. The severity of disease as measured on admission was similar in the two trial groups with respect to the PaO2 (HFNC 45.5 ± 2.9 mmHg vs. CPAP 43.0 ± 2.1 mmHg), SPO2 [HFNC 88% (range, 85.75–90.25) vs. CPAP 87% (range, 85.5–88.5)] and a lower PaO2/FiO2 level (HFNC 182 ± 11.5 vs. CPAP 172 ± 8.6); and this suggested that the degree of respiratory failure and hypoxemia of who experienced treatment failure was more serious than that at baseline of this group. There were no significant between-group differences in the duration of hospital stay and the duration of non-invasive respiratory support, but the duration of stay in the ICU was significantly lower in the HFNC group than in the CPAP group (Table 3).


Table 3. Characteristics of the 10 children who experienced treatment failure necessitating intubation.
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Secondary Outcomes

The rate of adverse events in the HFNC group (5%) was significantly lower than that in the CPAP group (27%) (P < 0.05).Two of 43 infants (5%) in the HFNC group experienced abdominal distension compared with 7 of 41 (17%) in the CPAP group (P > 0.05). In addition, 4 of 41 infants (10%) in the CPAP group developed nasal mucosal injury and none of the infants in the HFNC group developed this type of injury. No serious life-threatening adverse events were observed in both groups, including pneumothorax, cardiac and respiratory arrest, and asphyxia (Table 2). In this study, we found that the use of sedatives was less with HFNC than CPAP. The proportion of usage of sedatives, including chloral hydrate, midazolam, and phenobarbital sodium, was 39.5% in the HFNC group and 82.9% in the CPAP group. Further, 45% of children in the CPAP group needed more than one sedative compared with 21% of children in the HFNC group (P = 0.00). The HFNC group was better in terms of lactation, and there was no significant change in the coordination of sucking, swallowing, and breathing. HFNC was well-tolerated without any obvious adverse effects (Table 2).

After 24 h of oxygen therapy PaO2 and SpO2 levels in both the HFNC and CPAP groups were significantly improved (P < 0.05), but there was no significant difference between the two groups. After oxygen therapy, the heart rate and respiratory rate in the two groups were slightly lower than those before oxygen therapy, and respiratory distress was relieved (Table 4). At 24 and 48 h after admission, reduction in respiratory distress and improvement in blood gas parameters were noted in the two groups.


Table 4. Secondary outcomes in the study groups.
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At the same time, the oxygen concentration decreased gradually and the SpO2 level tended to be stable, but there was no significant difference between the two groups. Blood gas analysis and monitoring showed that PaO2, PaCO2, pH, and oxygen saturation were significantly improved after oxygen therapy, but there was no difference between the two groups (Table 4).




DISCUSSION

HFNC is a relatively effective and safe non-invasive ventilation model in the pediatric ward, Emergency Department, and PICU (13, 19). It was recently accepted as a treatment option for noninvasive ventilation or before endotracheal intubation (14, 20–22). A recent systematic review and meta-analysis that included 9 RCTs also stated that HFNC may decrease the need for tracheal intubation without causing any impact on the mortality in patients with acute hypoxemic respiratory failure (23).

In this RCT involving children with pneumonia and mild to moderate respiratory failure, in terms of the primary outcomes, there was no significant difference in the intubation rate, admission rate of the PICU, the duration of hospital stay, and need for invasive respiratory support in the HFNC group compared to the CPAP group. Vahlkvist et al. also reported that no differences were observed in improvement of respiratory rate or PaCO2 between the HFNC group and the CPAP group in infants with bronchiolitis. Treatment failure was rare in both groups, and there was no significant difference in the length of hospitalization or treatment duration (10).

To our knowledge, only few studies have compared HFNC and CPAP in the management of pneumonia in children. In a multicentre pilot RCT, Padmanabhan et al. found that intubation required within 72 h in HFNC patients was slightly higher than that in the CPAP group, but the difference was not statistically significant. Length of hospital stay and PICU stay and duration of invasive ventilation showed no significant difference. The HFNC group had fewer ventilator-free days at day 28, and most of the adverse events reported were mild or moderate in the CPAP group (11). An open RCT of bubble CPAP for children with severe pneumonia and hypoxemia in Bangladesh also showed that there was no difference in treatment failure between patients in the bubble CPAP group and the HFNC group (24). A review of initial non-invasive oxygenation strategies in patients with de novo acute hypoxemic respiratory failure included 16 studies, and it found that non-invasive ventilation (NIV) was associated with a significant reduction in intubation rates compared with conventional oxygen therapy, but there was no significant difference in the efficacy with HFNC (25). These findings are consistent with our research results, but the results are different from those of the meta-analysis of HFNC vs. CPAP in children with respiratory distress (18). It was found that CPAP may be superior to HFNC in the treatment moderate to severe respiratory distress and severe hypoxemia in infants aged 1–6 months, but no significant difference was observed between the two groups in infants aged 6–12 months.

The differences between our study and that study can be explained by the difference in the patient population. Our study specifically aimed at children <2 years with mild to moderate respiratory failure due to pneumonia. We included pneumonia with an oxygenation index (PaO2/FiO2)>150, which excludes moderate to severe respiratory failure, infants with severe accompanying symptoms, basic diseases, and infants with immediate respiratory support and intubation. This may explain some of the differences in results, and it may indicate that HFNC is mainly an alternative tool for the treatment of pneumonia with mild to moderate respiratory failure.

At the same time, we also observed that 10 children who experienced treatment failure and were treated with intubation had severe hypoxemia, lower PaO2/FiO2 (HFNC 182 ± 11.5 and CPAP 172 ± 8.6) and severe respiratory distress. Although the symptoms were relieved after HFNC treatment, the outcome did not change to a large extent, and this therapy could not reduce the risk of tracheal intubation and transfer to the PICU. Consistent with other studies, HFNC has a role in the treatment of moderate or moderate to severe respiratory failure, but the risk of treatment failure is also increased. A PaO2/FiO2 < 200 was a strong predictor of intubation under NIV (26). Therefore, a systematic review suggested that HFNC may be superior to conventional oxygen therapy in acute hypoxemic respiratory failure patients, and it may be reasonable to consider HFNC as an intermediate level of oxygen therapy between conventional oxygen therapy and NIV (16).

Our study showed that HFNC is a relatively safe, well-tolerated, and effective non-invasive respiratory support model in children, and its action mechanism may be related to flushing of the dead cavity of the nasopharynx, increasing the lung compliance, and providing low-level of positive airway pressure (17, 27). Milesi confirmed that in infants with bronchiolitis, HFNC flow ≥2 L/kg/min was associated with the production of a mean pharyngeal pressure ≥4 cmH2O (28, 29), and they also stated that HFNC flow 3 L/kg/min did not reduce the risk of failure compared with HFNC flow 2 L/kg/min (29).

Therefore, in our study, the HFNC flow rate was set at 2 ml/Kg/min, the average pharyngeal pressure was set at ≥4 cm H2O, and the CPAP pressure was set at 4–6 cm H2O, which was equivalent to the positive end expiratory pressure induced by HFNC. Thus, it could be explained that the efficiency of respiratory support for mild to moderate respiratory failure was equivalent, there was improvement in oxygenation and relief of respiratory distress, and the intubation rate and duration of respiratory support were similar.

Our study has certain limitations. It was a single center study and the number of patients was limited. Therefore, we need to perform large multicenter studies with adequate statistical power to explore the findings of this study.

In conclusion, this RCT involving infantile pneumonia with mild to moderate respiratory failure demonstrated that HFNC is an effective initial respiratory support treatment in the early stage of hospitalization, the use of preemptive respiratory support is safe, and the incidence of intubation and death is very low; concurrently, the comfort and tolerance of HFNC are better. To some extent, it is a well-tolerated alternative to CPAP.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Regional Committee of Children's Hospital Affiliated to Chongqing Medical University. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin. Written informed consent was obtained from the minor(s)' legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

LY and PT contributed to the conception and design of this study. WC and CL organized the data and performed the statistical analysis. TT and JL drafted the manuscript. LY and CL wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



FUNDING

This work was financially supported by Chongqing Health Committee of China (grant number: 2017MSXM044).



ACKNOWLEDGMENTS

We would like to convey our special thanks to the Emergency Department and PICU, Children's Hospital of Chongqing Medical University for providing the clinical cases and specimens. We would also like to thank the statistics guidance of the epidemiology teaching and Research Office and all the study participants and researchers for their assistance.



REFERENCES

 1. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, et al. Community-acquired pneumonia requiring hospitalization among U.S. children. N Engl J Med. (2015) 372:835–45. doi: 10.1056/NEJMoa1405870

 2. Prevention CfDCa. (2020). Available online at: http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2014_ed_web_tables.pdf (accessed March 07, 2020).

 3. Organization WH. (2020). Available online at: http://www.who.int/mediacentre/factsheets/fs310/en/ (accessed 1 March, 2020).

 4. Subhi R, Adamson M, Campbell H, Weber M, Smith K, Duke T. The prevalence of hypoxaemia among ill children in developing countries: a systematic review. Lancet Infect Dis. (2009) 9:219–27. doi: 10.1016/S1473-3099(09)70071-4

 5. Sinha IP, McBride AKS, Smith R, Fernandes RM. CPAP and high-flow nasal cannula oxygen in bronchiolitis. Chest. (2015) 148:810–23. doi: 10.1378/chest.14-1589

 6. Milesi C, Essouri S, Pouyau R, Liet JM, Afanetti M, Portefaix A, et al. High flow nasal cannula (HFNC) versus nasal continuous positive airway pressure (nCPAP) for the initial respiratory management of acute viral bronchiolitis in young infants: a multicenter randomized controlled trial (TRAMONTANE study). Intensive Care Med. (2017) 43:209–16. doi: 10.1007/s00134-016-4617-8

 7. Manley BJ, Owen LS, Doyle LW, Andersen CC, Cartwright DW, Pritchard MA, et al. High-flow nasal cannulae in very preterm infants after extubation. N Engla J Med. (2013) 369:1425–33. doi: 10.1056/NEJMoa1300071

 8. Lee JH, Rehder KJ, Williford L, Cheifetz IM, Turner DA. Use of high flow nasal cannula in critically ill infants, children, and adults: a critical review of the literature. Intensive Care Med. (2013) 39:247–57. doi: 10.1007/s00134-012-2743-5

 9. Kwon JW. High-flow nasal cannula oxygen therapy in children: a clinical review. Clin Exp Pediatr. (2020) 63:3–7. doi: 10.3345/kjp.2019.00626

 10. Vahlkvist S, Jurgensen L, la Cour A, Markoew S, Petersen TH, Kofoed PE. High flow nasal cannula and continuous positive airway pressure therapy in treatment of viral bronchiolitis: a randomized clinical trial. Eur J Pediatr. (2020) 179:513–8. doi: 10.1007/s00431-019-03533-2

 11. Ramnarayan P, Lister P, Dominguez T, Habibi P, Edmonds N, Canter RR, et al. FIRST-line support for assistance in breathing in children (FIRST-ABC): a multicentre pilot randomised controlled trial of high-flow nasal cannula therapy versus continuous positive airway pressure in paediatric critical care. Crit Care. (2018) 22:144. doi: 10.1186/s13054-018-2080-3

 12. Franklin D, Babl FE, Schlapbach LJ, Oakley E, Craig S, Neutze J, et al. A randomized trial of high-flow oxygen therapy in infants with bronchiolitis. N Engl J Med. (2018) 378:1121–31. doi: 10.1056/NEJMoa1714855

 13. Kepreotes E, Whitehead B, Attia J, Oldmeadow C, Collison A, Searles A, et al. High-flow warm humidified oxygen versus standard low-flow nasal cannula oxygen for moderate bronchiolitis (HFWHO RCT): an open, phase 4, randomised controlled trial. Lancet. (2017) 389:930–9. doi: 10.1016/S0140-6736(17)30061-2

 14. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow oxygen through nasal cannula in acute hypoxemic respiratory failure. N Engl J Med. (2015) 372:2185–96. doi: 10.1056/NEJMoa1503326

 15. Davies JD. 2018 year in review: non-invasive respiratory support. Respir Care. (2019) 64:1139–45. doi: 10.4187/respcare.07170

 16. Lee CC, Mankodi D, Shaharyar S, Ravindranathan S, Danckers M, Herscovici P, et al. High flow nasal cannula versus conventional oxygen therapy and non-invasive ventilation in adults with acute hypoxemic respiratory failure: a systematic review. Respir Med. (2016) 121:100–8. doi: 10.1016/j.rmed.2016.11.004

 17. Frat JP, Coudroy R, Marjanovic N, Thille AW. High-flow nasal oxygen therapy and non-invasive ventilation in the management of acute hypoxemic respiratory failure. Ann Transl Med. (2017) 5:297. doi: 10.21037/atm.2017.06.52

 18. Luo J, Duke T, Chisti MJ, Kepreotes E, Kalinowski V, Li J. Efficacy of high-flow nasal cannula vs. standard oxygen therapy or nasal continuous positive airway pressure in children with respiratory distress: a meta-analysis. J Pediatr. (2019) 215:199–208.e198. doi: 10.1016/j.jpeds.2019.07.059

 19. Oto A, Erdogan S, Bosnak M. Oxygen therapy via high flow nasal cannula in pediatric intensive care unit. Turk J Pediatr. (2016) 58:377–82. doi: 10.24953/turkjped.2016.04.005

 20. Stephan F, Barrucand B, Petit P, Rezaiguia-Delclaux S, Medard A, Delannoy B, et al. High-flow nasal oxygen vs. non-invasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: a randomized clinical trial. JAMA. (2015) 313:2331–9. doi: 10.1001/jama.2015.5213

 21. Hernandez G, Vaquero C, Gonzalez P, Subira C, Frutos-Vivar F, Rialp G, et al. Effect of postextubation high-flow nasal cannula vs. conventional oxygen therapy on reintubation in low-risk patients: a randomized clinical trial. JAMA. (2016) 315:1354–61. doi: 10.1001/jama.2016.2711

 22. Hernandez G, Vaquero C, Colinas L, Cuena R, Gonzalez P, Canabal A, et al. Effect of postextubation high-flow nasal cannula vs. non-invasive ventilation on reintubation and postextubation respiratory failure in high-risk patients: a randomized clinical trial. JAMA. (2016) 316:1565–74. doi: 10.1001/jama.2016.14194

 23. Rochwerg B, Granton D, Wang DX, Helviz Y, Einav S, Frat JP, et al. High flow nasal cannula compared with conventional oxygen therapy for acute hypoxemic respiratory failure: a systematic review and meta-analysis. Intensive Care Med. (2019) 45:563–72. doi: 10.1007/s00134-019-05590-5

 24. Chisti MJ, Salam MA, Smith JH, Ahmed T, Pietroni MA, Shahunja KM, et al. Bubble continuous positive airway pressure for children with severe pneumonia and hypoxaemia in Bangladesh: an open, randomised controlled trial. Lancet. (2015) 386:1057–65. doi: 10.1016/S0140-6736(15)60249-5

 25. Zayed Y, Barbarawi M, Kheiri B, Haykal T, Chahine A, Rashdan L, et al. Initial non-invasive oxygenation strategies in subjects with de novo acute hypoxemic respiratory failure. Respir Care. (2019) 64:1433–44. doi: 10.4187/respcare.06981

 26. Artacho Ruiz R, Artacho Jurado B, Caballero Gueto F, Cano Yuste A, Durban Garcia I, Garcia Delgado F, et al. Predictors of success of high-flow nasal cannula in the treatment of acute hypoxemic respiratory failure. Med Intensiva. (2019). doi: 10.1016/j.medin.2019.07.012. [Epub ahead of print].

 27. Parke R, McGuinness S, Eccleston M. Nasal high-flow therapy delivers low level positive airway pressure. Br J Anaesth. (2009) 103:886–90. doi: 10.1093/bja/aep280

 28. Milesi C, Boubal M, Jacquot A, Baleine J, Durand S, Odena MP, et al. High-flow nasal cannula: recommendations for daily practice in pediatrics. Ann Intensive Care. (2014) 4:29. doi: 10.1186/s13613-014-0029-5

 29. Milesi C, Pierre AF, Deho A, Pouyau R, Liet JM, Guillot C, et al. A multicenter randomized controlled trial of a 3-L/kg/min versus 2-L/kg/min high-flow nasal cannula flow rate in young infants with severe viral bronchiolitis (TRAMONTANE 2). Intensive Care Med. (2018) 44:1870–8. doi: 10.1007/s00134-018-5343-1

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Liu, Cheng, Li, Tang, Tan and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-08-590906-t004.jpg
Variable HFNC group (43) CPAP group (41) P-value

RR, min, mean (sd)

T0 5987.4 572£92
Tt 542477 5402+ 6.7

T24 519480 522457

T48 51582 51557

HR, min, mean (sd)

0 1536+ 17.1 147 £ 165

Tt 1487 £ 13.4 1432 £ 10.0

T24 1444 +1328& 1391+ 1128

T48 13851448 1371 £103&

Sp02, % median (range)

T0 90 (88-91) 0@E7-91)  p=0856
Tt 95 (04-96) # 95(04-96)#  p=0.462
T24 95 (94-96) # 96(95-97)#  p=0.144
T48 95 (04-96) # 96(05-97)# p=0.105
Pa02, mmHg, mean (sd)

0 543738 582+91  p=0420
T24 8(75-107)@  87(76-112@ p=0907
T48 915(84.7-975)@ 95(81-12225)@ p=0217
PaCO2, mmHg, mean (sd)

T0 42 (37-49) 42(38-48)  p=0.661
T24 41(35-46) 4287545  p=0707
T48 40.5 (35-46) 41(38-46) p=0615
PH, mean (sd)

0 738006 738£007 p=089%
T24 7.40(7.85-7.43)  7.37 (7.34-7.42) p=0233
T48 7.38(7.84-7.45) 7.38(7.35-7.42) p=0612

Improvement in the mean respiratory rate (RR), heart rate (HR), SpO2, PaO2, PaC02,
and PH during 48h of respiratory support. Values are expressed as mean (SD) £SD or
numbers (%). *: RR, & HR, #: Sp02, @: Pa02, compare with T0 p<0.05.





OPS/images/fped-08-590906-t002.jpg
Variable

PRIMARY OUTCOMES
Duration of stay in the hospital, days
Duration of non-invasive respiratory
support, days

Transfer to the ICU, no. (%)
Intubation, no. (%)

Mortality, no. (%)

Use of sedatives, no. (%)

Adverse events, no. (%)

Serious adverse event

Abdominal distension, no. (%)
Pneumothorax

Cardiac arrest

Respiratory arrest

Apnea episodes

Skin lesions, no. (%)

HFNC
group (43)

8(7-9)
2(2-9)

6(14)
6(14)
0
17 (40)
2(5)
0
25
0

©oooo

CPAP
group (41)

8(7-9)
3(2-9)

4(10)
4(10)
0
34(83)
11(7)
o
7(17)
o
0
o
0
4(10)

P-value

p=0.036

Comparison of primary outcomes between the two groups [cases (%)]. Values are
expressed as mean (SD) £SD or numbers (%).





OPS/images/fped-08-590906-t003.jpg
Characteristic HFNC group (6)

Age, months, median (range) 2(1-5.25)
Weight, kg, median (range) 5.3 (4.47-6.98)
Symptom duration, days, 7.0 (6.25-7.25)
median (range)

HR, min, mean (sd) 164+£9.4
AR, min, mean (sd) 57573
Pa02, mmHg, mean (sd) 45529
PaC0O2, mmHg, median 42.5 (37.5-45.75)
(range)

SPO2, % median (range) 88 (85.75-90.25)
PaO2/FO2, mean (sd) 182+ 115
Duration of stay in the 15 (11.5-18.25)
hospital-cays

Duration of stay in the 9(6.75-10.75)
ICU-days

Duration of non-invasive 2(1.75-2)

respiratory support ~days

CPAP group (4)

8(2.25-12.25)
85 (4.38-0.25)
5(5-11.75)

14274

482+ 68

430+2.1
44 (41.25-56.5)

87 (85.5-88.5)
17286
19 (15.5-21.75)
15 (10.5-19.5)

2(125-2)

P-value

0.279
0.62
0.504

0.005
0.078
0.180
0.52

0.589
0.180
0.165

0.042

0.759

Comparison of general data on treatment failure between the two groups [cases (%)].

Values are expressed as mean (SD) +SD or numbers (%).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High-Flow Nasal Cannula vs. Continuous Positive Airway Pressure Therapy for the Treatment of Children <2 Years With Mild to Moderate Respiratory Failure Due to Pneumonia



		Introduction



		Materials and Methods



		Patients



		Procedures



		Observations and Paraclinical Examination



		Outcomes



		Statistical Analysis



		Ethics







		Results



		Primary Outcome



		Secondary Outcomes







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

High-Flow Nasal Cannula vs.
Continuous Positive Airway Pressure
Therapy for the Treatment of Children
<2 Years With Mild to Moderate
Respiratory Failure Due to
Pneumonia





OPS/images/fped-08-590906-g001.gif
155 chiden <2 yers osplized for pcamonis

1

3asincd o nCPAP 3 swignsd wHAC
4 imabston « nsion

2 porots dlined CPAP.

inlighle
il ity s
[rE—
10t D
7 it Congenisl dyslasisofsinwsy
1 ctghie Swithcongnil gy with
I [y —pa—_—
Serandonioed






OPS/images/fped-08-590906-t001.jpg
CHARACTERISTIC

Age, months, median (range)
Distribution—no. (%)
<12mo

>12mo

Weight, kg, median (range)
Female sex n (%)

Symptom duration, days,
median (range)

HR, min, mean (sd)
RR, min, mean (sd)

Pa02, mmHg, mean (sd)
PaCO2, mmHg, median (range)
SPO2, % median (range)

Pa02 / FiO2, mean (sd)

PH, mean (sd)

Imaging diagnosis, 1 (%)
Congenttal heart disease, n (%)
Viral cause, n (%)

HFNC (43)

3@-11)
36 (84)

7(16)
6(6-9)
19 (44)
7(4-8)

1536 % 17.1
508+7.4
543738
42 (87-49)
90 (88-91)

2171 £31.1

7.38+0.06

43 (100)
5(12)
28(65)

CPAP (41)

4(1-11)
32(78)

9(22)
65(4.5-9.25)
18 (43)
5(4-8.5)

147 £ 155
57292
53391
42 (38-48)
90 (87-91)

2181 +86.2
7.38£007

41 (100)
7017
20 (49)

P-value

p=0998

p=0911
p=0979
p=0414

p=0411
p=0.151

p=0661
p=0856
p=0584
p=0895

p=0476
p=0.130

Comparison of general data on baseline characteristics between the two groups(cases
(%). Values are expressed as mean (SD) £SD or numbers (%),No differences were found

between the two groups.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





