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Objectives: To compare the clinical efficacy of heated, humidified high-flow nasal cannula (HHHFNC) and nasal continuous positive airway pressure (NCPAP) in extremely low-birth-weight preterm infants (ELBWI) after extubation.

Methods: This trial included 94 extremely low-birth-weight infants (ELBWI), within 7 days after birth, and prepared for tracheal extubation and a change to non-invasive ventilation in the neonatal intensive care unit (NICU) admitted to our hospital from January 2015 to December 2018, with 48 infants in the HHHFNC group and 46 infants in the NCPAP group. Reintubation rate within 72 h after initial extubation, total ventilation time, non-invasive ventilation time, total oxygen inhalation time, and the time to reach full enteral feeding were the primary outcome measures. Total intestinal feeding time, average weight gain rate, days of hospitalization, costs of hospitalization, and complication rates, including nasal injury, IVH, BPD, NEC, ROP, and PDA, were used as secondary outcomes. Data were analyzed using Student's t-test or the Mann-Whitney U-test with a Chi-square test or Fisher's exact test, as appropriate, in SPSS (25.0).

Results: HHHFNC not only shortened the oxygen exposure time but also effectively reduced the incidence of nasal injury (6.25 vs. 36.96%) and NEC (10.42 vs. 28.26%) (P < 0.05). Additionally, HHHFNC achieved a significant advance in the time to reach full enteral feeding (31.24 ± 11.35 vs. 34.21 ± 14.09 days); increased the average weight gain rate (16.07 ± 3.10 vs. 13.74 ± 4.21) and reduced the days of hospitalization (73.45 ± 18.84 vs. 79.24 ± 19.75), with a lower cost of hospitalization (16.04 ± 3.64 vs.18.79 ± 4.13) thousand dollars (all P < 0.05).

Conclusions: Compared with NCPAP, HHHFNC was effective in preventing extubation failure in mechanically ventilated preterm ELBWI. HHHFNC shortens oxygen consumption time and significantly reduces the incidence of nasal injury and necrotizing enterocolitis; moreover, it can also reduce the length of stay and the hospitalization costs.
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INTRODUCTION

The birth and survival rates of premature infants, especially extremely low-birth-weight infants (ELBWI), have brought about gradual increases in short- and long-term complications. The establishment of good ventilation after birth is the basis for the survival of premature infants, especially for ELBWI. Both the earlier gestational age and the lower birth weight can make it difficult to establish spontaneous breathing and may also increase the incidence of respiratory distress (1).

Invasive mechanical ventilation is widely used in neonatal intensive care units (NICUs). However, long-term invasive mechanical ventilation can lead to ventilator-related lung injuries, including pressure injuries, volume injuries, and ventilator pneumonia. In later stages, it may even lead to severe infection and bronchopulmonary dysplasia (BPD) (2), seriously affecting the long-term quality of life of infants. Therefore, extubation is recommended as soon as possible for neonates, especially premature babies, to avoid the potential damages caused by invasive ventilation as much as possible. However, early extubation is prone to extubation failure, resulting in changes in the condition of the child and more local damage. Non-invasive ventilation after extubation helps prevent possible apnoea, respiratory failure, and re-intubation.

Nasal continuous positive airway pressure (NCPAP), as the current mainstream non-invasive ventilation model, has been widely used in clinical practice to prevent tube failure in preterm infants (3, 4). However, complications (i.e., nasal injury and NEC) caused by NCPAP have a great impact on clinical outcomes (5). Humidified high-flow nasal cannula (HHHFNC) is another globally non-invasive respiratory support model for the prevention of extubation in preterm infants (6), as the use of HHHFNC may be associated with reduced respiratory function, increased ventilation efficiency, and reduced intubation requirements in children with inadequate respiratory function (7).

As primary respiratory support for preterm infants with respiratory distress, HHHFNC and NCPAP are associated with a lower incidence of nasal trauma (8). In this regard, a pilot study suggested that HHHFNC may be as effective as NCPAP in preventing endotracheal ventilation in premature infants in the primary treatment of respiratory distress syndrome (gestational age < 35 weeks and birth weight > 1,000 g) (9). However, there is still a lack of clinical research on the effects of the two non-invasive ventilation modes as the preferred respiratory support model for ELBWI extubation.

This study investigated the clinical efficacy of HHHFNC compared with NCPAP for ELBWI, aiming to explore a more effective mode of non-invasive ventilation for ELBWI.



METHODS


Ethics Approval

This single-institution prospective randomized clinical trial was conducted in our hospital from January 2015 to December 2018. This study was approved by the Ethics Committee and the institutional review board of the Guangdong Women and Children Hospital (Guangzhou, China). Parental written informed consent was required before delivery of the potentially eligible infants. The authors confirm that all ongoing and related trials for this intervention are registered (ChiCTR1900028092).



Participants and Design

Considering α = 0.05, power = 80%, an attrition rate of 5% and Cohen's d = 0.37 (medium effect size), a 92-subject sample size was determined for the study.

We included infants who met the following criteria in this hospital. The inclusion criteria were as follows: (1) gestational age < 32 weeks, body weight < 1,000 g; (2) the preterm neonates were diagnosed with RDS, supported by invasive ventilation and entered the NICU within 7 days after birth and prepared for tracheal extubation and a change to non-invasive ventilation; and (3) agreement by the family to sign the informed consent form.

The standard of intubation: Infants can be intubated if they have the following conditions: severe apnea (>6 episodes, stimulation within 6 h, or >1 bag and mask ventilation); arterial carbon dioxide partial pressure (PaCO2) > 65 mmHg; poor perfusion, hemodynamic instability (i.e., mean blood pressure below gestational age) or both; needing volume or vasopressor support for 4 h or more; metabolic acidosis does not respond to treatment.

The exclusion criteria were as follows: congenital airway malformations, cleft lip and palate, Pierre-Robin syndrome, congenital diaphragmatic hernia, congenital lung dysplasia, tracheoesophageal fistula, and other life-threatening congenital malformations. Infants who failed to complete the treatment were excluded from the statistical data.

After informed consent was obtained, a total of 94 VLBWI were ultimately enrolled in the study, with 48 infants in the HHHFNC group and 46 infants in the NCPAP group through block randomization. Randomization was implemented by a random number generator and a special double-sealed envelope. When an infant met the admission criteria, the envelope was opened, and the treatment was immediately initiated.

All researchers were blinded to the randomized group assignment, but the co-researcher monitored the intervention procedure. A flow diagram of the study is shown in Figure 1.
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FIGURE 1. Flow chart of participants throughout the study.





MATERIALS AND METHODS

The criteria for the removal of invasive ventilation were as follows: HFOV mode: mean airway pressure (MAP) of 6–8 cmH20, oxygen concentration (FiO2) ≤ 40%, and amplitude of 12–16; synchronized intermittent ventilation mode: MAP < 8 cmH20, FiO2 ≤ 40%, ventilation frequency of 30 times/min; children have good spontaneous breathing; stable circulation; and less secretion.

Non-invasive assisted ventilation failure was indicated by the following: (1) PEEP > 8 cmH2O or FiO2 > 60% still cannot maintain percutaneous SaO2 ≥ 88%; (2) severe apnoea: >6 times within 24 h or >2 times of positive pressure ventilation after resuscitation; (3) the infant's breathing cycle could not be maintained or the infant was in shock; (4) severe metabolic acidosis or respiratory acidosis could not be corrected; (5) abdominal guarding and obvious abdominal distension (24-h increase in abdominal circumference greater than 1.5 cm) accompanied by one of a, b, c, d, and e: a. poor response, with blood sugar fluctuations; b. gastrointestinal bleeding; c. metabolic acidosis (BE < −10 mmol/L); d. body temperature instability; and e. significant increase in apnoea and bradycardia. In any of the above cases, tracheal intubation was performed again, and synchronized intermittent ventilation was performed. After re-intubation, the extubation was still changed to the original non-invasive ventilation mode.

The criteria for removal of non-invasive ventilation were as follows: chest X-ray and clinical improvement of the child and regular percutaneous SaO2 and blood gas analysis. The ventilator parameters of the HHHFNC group were reduced to flow < 2 L/min and FiO2 < 25%; the ventilator parameters of the NCPAP group were reduced to flow rate PEEP < 4 cmH2O and FiO2 < 25%.

HHHFNC group: powered by a Bird Air Oxygen Mixer (BIRD, USA), connected to an Optiflow™ Nasal Catheter Oxygen System (Fisher & Paykel Medical, New Zealand), including an MR850 warming humidifier, an RT329 high-performance closed breathing tube, and a short nasal plug catheter; a nasal plug of the right size was chosen. Initial parameters: FiO2 30–40%, flow 4–6 L/min, heated, humidified inhalation gas at 37°C.

NCPAP group: powered by an Infant Flow System (EME Company, the United Kingdom). Initial adjustment parameters: flow 4–8 L/min, PEEP 5–7 cmH2O, FiO2 40%, when the parameter is reduced to PEEP < 4 cmH2O, FiO2 < 0.25 can be withdrawn. The ventilator parameters were adjusted based on the improvement of clinical symptoms and blood gas results to maintain PaO2 60–80 mmHg, PaCO2 40–50 mmHg, and TcSaO2 88–92%.


Outcome Measures

Demographic and clinical characteristics were recorded, including age (weeks), birth weight (g), sex, Apgar scores, albumin (g/L), initial feeding time (d), mother's age (years), delivery, births, and antenatal use of corticosteroids.

Primary outcome measures included the reintubation rate within 7 days after initial extubation, total ventilation time, non-invasive ventilation time, and total oxygen inhalation time.

Secondary outcome measures included the time to reach full enteral feeding (day), average weight gain rate (g/day), days of hospitalization (day), and cost of hospitalization (thousand dollars).

Complications included intracerebral hemorrhage, retinopathy of prematurity, patent ductus arteriosus, bronchopulmonary dysplasia, necrotizing enterocolitis, and nasal injury.



Descriptive Statistics

Data processing was done by statisticians who were not involved in the research design and implementation. The means ± standard deviations (SDs) for numerical variables and the percentages of different categories were obtained. Student's t-test or the Mann-Whitney U-test with a Chi-square test or Fisher's exact test was selected as appropriate. Tests of normality and homogeneity of variances were performed before comparisons between the measurement data groups. All data were analyzed using SPSS version 25.0 (SPSS, Chicago, IL, USA). A P < 0.05 was considered statistically significant.


Data Safety Monitoring Board

The board will have the following members:

Dr. Chuan Nie, Professor of Pediatrics; Neonatal Department, Guangdong Women and Children Hospital, Guangzhou.

Dr. Xiu Zhen Ye, Professor of Pediatrics; Neonatal Department, Guangdong Women and Children Hospital, Guangzhou.

Dr. Chun Shuai, Professor of Pediatrics; Neonatal Department, Guangdong Women and Children Hospital, Guangzhou.

They were arranged to conduct a simple mid-term evaluation. And they found that the trial was safe at midterm and agreed to continue.





RESULTS


Demographic and Clinical Characteristics

None of the infants in the two study groups were lost to follow-up. As shown in Table 1, the demographics of infants were not statistically different between the two groups. Among the 94 infants, the majority of infants were males (59/94, 62.77%), and the mean age of all infants was 27.3 ± 3.10 weeks (range 25.1–32.0 weeks).


Table 1. Demographic and clinical characteristics of infants in the two study groups.
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Primary Outcomes

Compared with the NCPAP group, the total oxygen consumption time in the HHHFNC group was significantly reduced, and the difference was statistically significant (P < 0.05).

There were no significant differences in total ventilation time, non-invasive ventilation time, and reintubation rate within 72 h (P > 0.05, see Table 2).


Table 2. Comparison of ventilation related factors between the HHHFNC group and the NCPAP group.
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Secondary Outcomes

Compared with the NCPAP group, the time to reach full enteral feeding (31.24 ± 11.30 vs. 34.21 ± 14.09 days) in the HHHFNC group was significantly earlier (P < 0.05). The average weight gain rate (16.07 ± 3.10 vs. 13.74 ± 4.21; g/day) was increased, the days of hospitalization (73.45 ± 18.84 vs. 79.24 ± 19.75) (days) were fewer, and the cost of hospitalization (16.04 ± 3.64 vs.18.79 ± 4.13; thousand dollars) was reduced (see Table 3).


Table 3. Related factors between the HHHFNC group and the NCPAP group.
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Complications

The incidence rates of nasal injury (6.25 vs. 36.96%) and NEC (10.42 vs. 28.26%) in the HHHFNC group were significantly lower than those in the NCPAP group. The difference between the two groups was statistically significant (P < 0.05). There were no significant differences in the incidence rates of BPD, ROP, intracranial hemorrhage, PVL, and PDA between the two groups (P > 0.05, see Table 4).


Table 4. Comparison of complications in infants in the HHHFNC group and the NCPAP group.
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DISCUSSION

NCPAP is the earliest non-invasive respiratory support for postpartum extubation (10). It can keep the airway in an expanded state, prevent alveolar collapse and improve the ventilatory blood flow ratio. Distributing an accurate pressure for variable flow through CPAP involves a tightly sealed nasal interface. However, if it is too tight, the possibility of skin rupture and mucosal damage is greater. In contrast, the key mechanism of HHHFNC is to wash out the nasopharyngeal dead space with humidified and warm gas (11); for that reason, a gap between the nasal cannula and nares is required to wash out the gas. Hence, the direct pressure effect between the proper size of the cannula of HHHFNC and the nares is much weaker than that of CPAP nasal interfaces, resulting in less nasal trauma. In the current study, as shown in Table 4, the incidence rates of nasal injury (6.25 vs. 36.96%) and NEC (10.42 vs. 28.26%) in the HHHFNC group were significantly lower than those in the NCPAP group. The difference between the two groups was statistically significant (P < 0.05).

A meta-analysis of randomized controlled trials published in 2019 showed that for respiratory support after extubation, NCPAP was associated with a lower likelihood of treatment failure than high-flow nasal cannula (HFNC) (relative risk 1.23, 95% confidence interval 1.01–1.50). The incidence rates of nasal trauma and pneumothorax in the HFNC group were significantly lower than those in the NCPAP group (P < 0.0001 and P = 0.03) (12).

Due to the pressure produced by the cumbersome and heavy dressing of the head and face with the NCPAP, it is easy to cause the nasal compression, the nasal skin to be damaged, the nostrils to expand and deform, and the nasal mucosa to develop oedema, congestion, and other damage in infants. Nasal congestion can irritate the nostrils and increase the secretions in the nasal cavity, increasing the risk of nasal and systemic infections, especially for ELBWI. In another systematic review and meta-analysis article published in 2020, Junior et al. also showed non-inferiority in terms of therapeutic failure of HFNC in relation to NCPAP after extubation of preterm newborns. In addition, nasal trauma was significantly lower in patients submitted to the HFNC compared to those using NCPAP (P < 0.0001) (13).

Compared with NCPAP, HHHFNC is a simple device that directly places the nasal cannula for the right side of the nose into the nasal cavity and gets rid of the external force on the head and face, thus avoiding head deformation and nasal injury (Supplementary Figures 1–3) (14). Similarly, these results are supported by a meta-analysis that revealed that nasal mucosa injury scores were significantly lower for HHHFNC compared to other methods of non-invasive ventilation (15). Similarly, it was also confirmed that the incidence of nasal injury in the HHHFNC group was significantly lower than that in the NCPAP group (P < 0.05), indicating that HHHFNC can effectively prevent nasal injury.

In addition to the low weight of the HHHFNC apparatus, HHHFNC has a relatively high oxygen humidification rate. If there is inadequate warming and humidification, a large amount of high-flow dry and cold air will enter the nasal cavity of the child, causing damage and bleeding of the nasal mucosa, which will greatly increase the chance of infection. In our study, the hollow oxygen mixed gas passed through a Fisher & Paykel MR850 heating humidifier, and the gas delivered through the closed breathing circuit was supplemented with molecular water vapor with a temperature of ~37°C and a relative humidity of nearly 100%. As shown in Table 2, compared with the NCPAP group, the total oxygen consumption time in the HHHFNC group was significantly reduced, and the difference was statistically significant (P < 0.05).

Saslow et al. (16) found that the improvements in respiratory work and lung compliance in preterm infants were comparable to the NCPAP 6 cmH2O when the HHHFNC flow reached 5 L/min. Moreover, some studies (17, 18) have also shown that the HHHFNC apparatus is lighter than NCPAP devices, but the pressure generated by breathing is close to the pressure generated by NCPAP. This makes it possible for HHHFNC to replace NCPAP as non-invasive respiratory support after extubation in ELBWI. Recent studies have indicated that with a flow rate of 4–6 L/min and a suitable nasal cannula size, a diameter ~50–80% of that of the infants' nares would be safe for preterm infants (6, 19, 20). A meta-analysis also presented no differences in pulmonary air leakage or mortality between HHHFNC and other forms of non-invasive respiratory support (15). Osman et al. (21) scored pain in infants with HHHFNC and NCPAP and found that infants in the HHHFNC group had significantly less pain and improved tolerance.

This study confirmed that the use of HHHFNC for assisted ventilation after extubation was significantly shorter than that of NCPAP, and the number of infants who were reintubated was significantly less than that of the NCPAP group. This is consistent with the findings of Woodhead et al. (22) that HHHFNC can reduce respiratory work and reduce the rate of reintubation.

Abdominal distension and NEC are also important factors that cause non-invasive ventilation failure in preterm infants and that require re-intubation. This study confirmed that the incidence rates of NEC in the NCPAP group were significantly higher than those in the HHHFNC group, and the differences were statistically significant (P < 0.05), which resulted in a significantly longer time to reach full enteral feeding in the NCPAP group than in the HHHFNC group (P < 0.05). ELBWI should start drinking breast milk as soon as possible, and the time to reach full enteral feeding can promote the secretion of gastrointestinal hormones and intestinal movement, which are beneficial for the balance of enteral nutrition and protein/energy (23). Therefore, HHHFNC is more conducive to healthy infant weight gain than NCPAP, which can improve the long-term quality of life of children.

This study also confirmed that HHHFNC reduced the length of the hospital stay and significantly reduced hospitalization costs. These reductions were significantly smaller in the HHHFNC group than in the NCPAP group. The initial feeding time in the HHHFNC group was earlier than that in the NCPAP group. The daily weight gain rate was faster and the time to reach full enteral feeding was earlier in the HHHFNC group than in the NCPAP group. This study also indicated that there were no significant differences in the incidence of complications such as total ventilation and BPD, ROP, PDA, PVL, and intracranial hemorrhage (P > 0.05). Moreover, HHHFNC has a significantly lower unit price per hour than NCPAP, making it very beneficial for low- and middle-income families.

A possible limitation of this study is that HHHFNC cannot directly detect the actual pressure of the given flow parameters and whether the thickness of the nasal catheter used directly affects the clinical efficacy.



CONCLUSION

In summary, compared with the use of NCPAP, HHHFNC can significantly reduce the reintubation rate within 7 days, shorten the oxygen exposure time, and significantly reduce the incidence of complications such as nasal injury and NEC. HHHFNC did not increase the incidence of BPD, ROP, PDA, PVL, or intracranial hemorrhage in infants. Moreover, HHHFNC shortened the length of hospital stays for infants, greatly reduced hospitalization costs, and can greatly reduce the medical burden on low- and middle-income families. However, multi-center, large-sample randomized controlled clinical trials on the mechanism of action of HHHFNC are needed to further explore its safety and efficacy.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the institutional review board of the Guangdong Women and Children Hospital (Guangzhou, China). 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 individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

JC and WG conceptualized the study, drafted the initial manuscript, and reviewed and revised the manuscript. YLin and MK collected data, carried out the initial analyses, and reviewed and revised the manuscript. LD and ZW processed the experimental data. XC and YLiu mainly discussed and edited the manuscript. JY and YC designed the data collection instruments, coordinated and supervised data collection, and critically reviewed the manuscript. All authors approved the final manuscript as submitted and agree to be responsible for all aspects of the work.



FUNDING

This study was funded by the Medical Scientific Research Foundation of Guangdong Province of China (Nos. A2011076 and A2019085). The funding source plays no role in study design, data collection, data analysis, data interpretation, writing of the report, or in the decision to submit the report for publication.



ACKNOWLEDGMENTS

We especially thank Dr. Tao Zhang (who has since passed away) for his contribution to this study. The authors would like to extend our sincere gratitude toward Prof. Chuan Nie, Prof. Xiuzhen Ye, Prof. Yong Zhang, Prof. Chun Shuai, and Prof. Jianwen Xiang for their constructive advice and the nursing groups of our NICU for their constant support.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2020.00250/full#supplementary-material



ABBREVIATIONS

ELBWI, Extremely low-birth-weight preterm infants; HHHFNC, Heated, humidified high-flow nasal cannula; NCPAP, Nasal continuous positive airway pressure; IVH, Intraventricular hemorrhage; ROP, Retinopathy of prematurity; PDA, Patent ductus arteriosus; BPD, Bronchopulmonary dysplasia; NEC, Necrotizing enterocolitis; CI, Confidence interval.



REFERENCES

 1. Jobe AH. What is RDS in 2012? Early Hum Dev. (2012) 88(Suppl 2):S42–S4. doi: 10.1016/S0378-3782(12)70013-0

 2. Kamath BD, Macguire ER, McClure EM, Goldenberg RL, Jobe AH. Neonatal mortality from respiratory distress syndrome: lessons for low-resource countries. Pediatrics. (2011) 127:1139–46. doi: 10.1542/peds.2010-3212

 3. Friedman CA, Menchaca RC, Baker MC, Rivas CK, Laberge RN, Rios EH, et al. Bubble nasal CPAP, early surfactant treatment, and rapid extubation are associated with decreased incidence of bronchopulmonary dysplasia in very-low-birth-weight newborns: efficacy and safety considerations. Respir Care. (2013) 58:1134–42. doi: 10.4187/respcare.01998

 4. Verder H, Bohlin K, Kamper J, Lindwall R, Jonsson B. Nasal CPAP and surfactant for treatment of respiratory distress syndrome and prevention of bronchopulmonary dysplasia. Acta Pediatr. (2009) 98:1400–8. doi: 10.1111/j.1651-2227.2009.01413.x

 5. Walsh BK, Brooks TM, Grenier BM. Oxygen therapy in the neonatal care environment. Respir Care. (2009) 54:1193–202. 

 6. 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 Engl J Med. (2013) 369:1425–33. doi: 10.1056/NEJMoa1300071

 7. Hutchings FA, Hilliard TN, Davis PJ. Heated humidified high-flow nasal cannula therapy in children. Arch Dis Child. (2015) 100:571–5. doi: 10.1136/archdischild-2014-306590

 8. Hegde D, Mondkar J, Panchal H, Manerkar S, Jasani B, Kabra N. Heated humidified high flow nasal cannula versus nasal continuous. positive airway pressure as primary mode of respiratory support for respiratory distress in preterm infants. Indian Pediatr. (2016) 53:129–33. doi: 10.1007/s13312-016-0806-3

 9. Kugelman A, Riskin A, Said W, Shoris I, Mor F, Bader D. A randomized pilot study comparing heated humidified high-flow nasal cannulae with NIPPV for RDS. Pediatr Pulmonol. (2015) 50:576–83. doi: 10.1002/ppul.23022

 10. Davis PG, Henderson-Smart DJ. Nasal continuous positive airways pressure immediately after extubation for preventing morbidity in preterm infants. Cochrane Database Syst Rev. (2000) CD000143. doi: 10.1002/14651858.CD000143

 11. Dysart K, Miller TL, Wolfson MR, Shaffer TH. Research in high flow therapy: mechanisms of action. Respir Med. (2009) 103:1400–5. doi: 10.1016/j.rmed.2009.04.007

 12. Hong H, Li XX, Li J, Zhang ZQ. High-flow nasal cannula versus nasal continuous positive airway pressure for respiratory support in preterm infants: a meta-analysis of randomized controlled trials. J Matern Fetal Neonatal Med. (2019). doi: 10.1080/14767058.2019.1606193. [Epub ahead of print].

 13. Junior JC, Azevedo R, Araujo O, Carvalho WB. High-flow nasal cannula as a post-extubation respiratory support strategy in preterm infants: a systematic review and meta-analysis. J Pediatr (Rio J). (2020). doi: 10.1016/j.jped.2019.11.004. [Epub ahead of print].

 14. Collins CL, Barfield C, Horne RS, Davis PG. A comparison of nasal trauma in preterm infants extubated to either heated humidified high-flow nasal cannulae or nasal continuous positive airway pressure. Eur J Pediatr. (2014) 173:181–6. doi: 10.1007/s00431-013-2139-8

 15. Kotecha SJ, Adappa R, Gupta N, Watkins WJ, Kotecha S, Chakraborty M. Safety and efficacy of high-flow nasal cannula therapy in preterm infants: a meta-analysis. Pediatrics. (2015) 136:542–53. doi: 10.1542/peds.2015-0738

 16. Saslow JG, Aghai ZH, Nakhla TA, Hart JJ, Lawrysh R, Stahl GE, et al. Work of breathingusing high-flow nasal cannula in preterrn infants. J Perinatol. (2006) 26:476–80. doi: 10.1038/sj.jp.7211530

 17. Al-Alaiyan S, Dawoud M, Al-Hazzani F. Positive distending pressure produced by heated, humidified high flow nasal cannula as compared to nasal continuous positive airway pressure in premature infants. J Neonatal Perinatal Med. (2014) 7:119–24. doi: 10.3233/NPM-1474113

 18. Lavizzari A, Veneroni C, Colnaghi M, Ciuffini F, Zannin E, Fumagalli M, et al. Respiratory mechanics during NCPAP and HHHFNC at equal distending pressures. Arch Dis Child Fetal Neonatal Ed. (2014) 99:F315–20. doi: 10.1136/archdischild-2013-305855

 19. Collins CL, Holberton JR, Barfield C, Davis PG. A randomized controlled trial to compare heated humidified high-flow nasal cannulae with nasal continuous positive airway pressure postextubation in premature infants. J Pediatr. (2013) 162:949–54.e1. doi: 10.1016/j.jpeds.2012.11.016

 20. Yoder BA, Stoddard RA, Li M, King J, Dirnberger DR, Abbasi S. Heated, humidified high-flow nasal cannula versus nasal CPAP for respiratory support in neonates. Pediatrics. (2013) 131:e1482–90. doi: 10.1542/peds.2012-2742

 21. Osman M, Elsharkawy A, Abdel-Hady H. Assessment of pain during application of nasal-continuous positive airway pressure and heated, humidified high-flow nasal cannulae in preterm infants. J Perinatol. (2015) 35:263–267. doi: 10.1038/jp.2014.206

 22. Woodhead DD, Lambert DK, Clark JM, Christensen RD. Comparing two methods of delivering high-flow gas therapy by nasal cannula following endotracheal extubation: a prospective, randomized, masked, crossover trial. J Perinatol. (2006) 26:481–5. doi: 10.1038/sj.jp.7211543

 23. Parish A, Bhatia J. Feeding strategies in the ELBW infant. J Perinatol. (2008) 8:S18–S20. doi: 10.1038/jp.2008.45

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 Chen, Lin, Du, Kang, Chi, Wang, Liu, Gao, Yang and Chen. 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-08-00250-t004.jpg
Variables Groups

HHHFNC group  NCPAP group Statistics test

Number of cases N (%) N=48 N=46 x2 OR 95%Cl Regression coefficients  P-value

Intracerebral hemorrhage 7(14.58) 7(1621) 0007 0951  0381-2.961 ~0.050 0931
41(85.42) 39 (84.79)

Retinopathy of prematurity 17 (35.42) 18(39.13) 0.139 0.853 0.369-1.970 -0.159 0.710
31(64.58) 28 (60.87)

Patent ductus arteriosus 16/(33.33) 16 (34.78) 0022 0938 0.399-2.201 ~0.065 0882
32(66.67) 30 (65.22)

Bronchopulmonary dysplasia 16 (33.33) 15 (32.61) 0.006 1.083 0.437-2.443 0.033 0.904
32(66.67) 31(67.39)

Necrotizing enterocolitis 5(10.42) 13 (28.26) 4.505 0.295 0.096-0.911 -1220 0.034
43(89.58) 33(71.74)

Nasal injury 3(6.25) 17 (36.96) 10529 0414 0.081-0423 —2.474 0.001
45 (93.75) 29(63.04)

SD, standard deviation; HHHFNC, Heated, Humidified High Flow Nasal Cannula; NCPAP. Nasal Continuous Positive Airway Pressure; Cl, confidence interval.





OPS/images/fped-08-00250-t002.jpg
Variables

Number of patients

Re-intubation rate within 72 h

Total ventilation time
Non-invasive ventiation time
Total oxygen time
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38 (82.61)
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10 (21.74)
36(78.26)
282426
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SD, standard deviation; HHHFNC, Heated, Humidified High Flow Nasal Cannula; NCPAR, Nasal Continuous Positive Airway Pressure.

4Chi-squared test o Fisher exact test.
bStudent’s t-test or Mann-Whitney U-test.
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