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Abstract
Background: Respiratory distress syndrome (RDS) is a severe problem for premature babies. Non-invasive respiratory support techniques including high-flow nasal cannula (HFNC) and nasal continuous positive airway pressure (nCPAP) are frequently used, although clinical evidence remain insufficient.
Patients and Methods: A randomized controlled trial was conducted involving 100 preterm infants (28–36 weeks gestation) diagnosed with RDS. Patients were randomly assigned to receive either (HFNC; n=50) or (nCPAP; n=50) as primary respiratory support. Primary outcomes included the duration of respiratory support and supplemental oxygen therapy. Secondary outcomes encompassed feeding tolerance, length of hospital stay, complications, and mortality.
Results: Baseline characteristics were comparable between groups. HFNC group demonstrated significantly shorter duration of respiratory support (5.42±2.18 vs 6.87±3.12 days, p=0.045), supplemental oxygen therapy (10.54±4.12 vs 12.98±5.20 days, p=0.030), and hospital stay (8.36±3.63 vs 13.22±5.63 days, p<0.001). Earlier feeding initiation (2.1±0.9 vs 3.5±1.1 days, p=0.030) and faster progression to full feeds (9.2±3.4 vs 11.6±3.8 days, p=0.007) were observed with HFNC. Complication rates were consistently lower in the HFNC group, including nasal trauma (6% vs 16%), pneumonia (4% vs 12%), and bronchopulmonary dysplasia (10% vs 20%), though not statistically significant. Mortality rates were similar (12% vs 18%, p=0.401).
Conclusion: HFNC demonstrated superior outcomes compared to nCPAP in preterm infants with RDS, with significantly shorter respiratory support duration, hospital stay, and improved feeding tolerance while maintaining comparable safety profiles.
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Introduction
RDS is one of the leading causes of morbidity and mortality in preterm infants due to surfactant deficiency and undeveloped lungs. Effective respiratory support is critical in its management, especially among neonates born before 37 weeks of gestation (1). Traditionally, nCPAP has been widely used as a primary mode of non-invasive ventilation (NIV) for these infants, showing benefits in maintaining functional residual capacity and reducing the need for mechanical ventilation (2).
Recently, HFNC has emerged as an alternative mode of respiratory support. HFNC delivers heated, humidified oxygen at high flow rates and is considered to be less invasive and more comfortable for neonates, with easier application and potentially lower risk of nasal trauma (3). Several studies have examined its effectiveness compared to nCPAP, but clinical evidence regarding outcomes such as duration of respiratory support, oxygen dependence, feeding tolerance, complications, and mortality remains mixed and context-dependent (4-6).
This study aimed to compare the clinical outcomes of HFNC versus nCPAP in the management of preterm infants with RDS, focusing on respiratory efficiency, feeding progression, complication rates, and final outcomes. By evaluating these parameters, we seek to provide evidence to support optimal, individualized respiratory care in neonatal intensive care units.
Materials and Methods
Study Design and Setting
This prospective cross-sectional study compared the clinical outcomes of preterm RDS infants treated with HFNC or nCPAP. The Neonatal Intensive Care Unit (NICU) at Assiut University Children Hospital, a tertiary care hospital for high-risk neonates, particularly preterm infants, hosted the study from June 2022 to June 2023.

Study Population
We randomized 100 preterm infants who met the inclusion criteria into two equal groups (n=50 each). The sample size was estimated using a power calculation with α = 0.05, power = 80%, 5% predicted attrition, and a medium effect size (Cohen's d = 0.37). Participants were not lost to follow-up. Figure (1) shows the study's participant flow.
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Figure 1. CONSORT flow diagram



Inclusion Criteria
· Preterm infants with gestational age ≥30 weeks
· Birth weight >1000 grams
· Clinical diagnosis of RDS, based on:
· Signs of respiratory distress (retractions, grunting, nasal flaring)
· Hypoxia requiring supplemental oxygen (SpO₂ monitoring)
· Radiographic evidence (diffuse haziness, air bronchograms)
· Abnormal blood gases (acidosis, hypoxemia, hypercapnia) [(Jobe, 2014)]
Exclusion Criteria
· Term infants (>37 weeks)
· Gestational age <30 weeks and/or birth weight <1000 grams
· Respiratory distress due to causes other than RDS
· Diagnosed neonatal sepsis or congenital anomalies (including congenital heart defects)
· Requirement for immediate invasive mechanical ventilation after birth
Intervention Groups
Participants were allocated into two intervention groups:
Group 1: HFNC Group (3).
Infants in this group received warmed and humidified oxygen via high flow nasal cannula. Flow rates ranged from 2 to 8 L/min based on weight and clinical condition. FiO₂ was titrated according to oxygenation status. Cannulas were fitted to ensure comfort and minimal leak, using a heated humidifier for mucosal protection.
Group 2: nCPAP Group (2).
Infants received continuous positive airway pressure using nasal prongs or mask. Pressure settings ranged from 4 to 6 cm H₂O, adjusted as needed. FiO₂ was individualized. A heated humidifier was used to maintain airway humidity.
Groups were matched for sex, gestational age, birth weight, mode of delivery, RDS severity, and surfactant administration to minimize confounding.
Data Collection
I. Clinical and Demographic Data
· Neonatal parameters: Sex, gestational age, birth weight, delivery mode, Apgar scores (1 and 5 min), need for resuscitation, surfactant use, consanguinity
· Maternal factors: Age, parity, antenatal steroid use, and maternal complications (e.g., preeclampsia, chorioamnionitis, anemia, PROM, gestational diabetes, placenta previa, cord prolapse)
II. Respiratory and Feeding Data
• Time to start and length of non-invasive ventilation
 • Success/failure of NIV (depending on mechanical ventilation)
 • Length of supplemental oxygen
 • Length of hospital stay 
• Start of enteral feeding 
• Full feedsFeeding intolerance (e.g., stomach distension)
 • Weight gain
III. Complications
Complications recorded included nasal trauma, apnea, pneumonia, bronchopulmonary dysplasia (BPD), intraventricular hemorrhage (IVH), retinopathy of prematurity (ROP), necrotizing enterocolitis (NEC), and neonatal sepsis.
IV. Investigations
· Laboratory: Blood glucose, CRP, CBC (WBC, Hb, HCT, PLT, neutrophils, lymphocytes), serum electrolytes (Na⁺, K⁺, Ca²⁺), kidney function (urea, creatinine), arterial blood gases (pH, PCO₂, HCO₃)
· Radiological: Chest X-ray grading of RDS severity (Grades I–III)
Statistical Analysis
Data was analyzed using SPSS 28. Continuous variables were compared between groups using the independent samples t-test, expressed as mean ± SD. Categories were reported as frequencies and percentages, and Chi-square or Fisher's exact tests were used to compare them. A p-value < 0.05 indicated statistical significance.
Ethical Considerations
The Assiut University Children Hospital Ethics Committee approved the study (IRB No. 04-2023-200204). All enrolled newborns' parents gave written informed permission. No experimental interventions were used because HFNC and nCPAP are RDS conventional therapies. In the study, participant confidentiality and data privacy were strictly observed.
Results
Table 1: Demographic and Maternal Risk Factors characteristics of the studied groups.
	Variable
	HFNC Group (N=50)
	nCPAP Group (N=50)
	p-value

	Gender
	
	
	

	Male
	29 (58.0%)
	22 (44.0%)
	0.230

	Female
	21 (42.0%)
	28 (56.0%)
	0.760

	Gestational Age (weeks)
	32.48 ± 1.59
	32.38 ± 1.68
	0.973

	30–32 weeks GA
	37 (74.0%)
	33 (66.0%)
	0.629

	33–36 weeks GA
	13 (26.0%)
	17 (34.0%)
	

	Birth Weight (kg)
	1.68 ± 0.39
	1.60 ± 0.40
	0.265

	Mode of Delivery
	
	
	0.978

	Emergency CS
	27 (54.0%)
	29 (58.0%)
	

	Elective CS
	20 (40.0%)
	19 (38.0%)
	

	NVD
	3 (6.0%)
	2 (4.0%)
	

	Resuscitation at Birth
	7 (14.0%)
	13 (26.0%)
	0.135

	Apgar Score
	
	
	

	1 min
	4.18 ± 1.34
	4.70 ± 1.42
	0.736

	5 min
	6.86 ± 0.97
	7.12 ± 1.29
	0.234

	Surfactant Administration
	16 (32.0%)
	24 (48.0%)
	0.056

	Consanguinity
	
	
	0.277

	Yes
	26 (52.0%)
	19 (38.0%)
	

	No
	24 (48.0%)
	31 (62.0%)
	

	Maternal Age (years)
	27.46 ± 5.33
	26.32 ± 5.36
	0.288

	Parity
	
	
	0.946

	Single
	21 (42.0%)
	25 (50.0%)
	

	Multiple
	29 (58.0%)
	25 (50.0%)
	

	Antenatal Steroid Use
	
	
	0.097

	Yes
	11 (22.0%)
	9 (18.0%)
	

	No
	39 (78.0%)
	41 (82.0%)
	

	Maternal Risk Factors
	
	
	

	Preeclampsia
	25 (50.0%)
	20 (40.0%)
	0.315

	Chorioamnionitis
	12 (24.0%)
	10 (20.0%)
	0.629

	Anemia
	10 (20.0%)
	15 (30.0%)
	0.248

	PROM
	3 (6.0%)
	2 (4.0%)
	0.646

	Gestational Diabetes
	2 (4.0%)
	3 (6.0%)
	0.646

	Placenta Previa
	0 (0.0%)
	1 (2.0%)
	0.499

	Cord Prolapse
	0 (0.0%)
	1 (2.0%)
	0.315


Abbreviation. CS: Cesarean Section, NVD: Normal Vaginal Delivery. HTN: Hypertension, PROM: Premature Rupture of Membranes
Data represent as Mean ± SD or number (percentage).
p: p value for comparing between the two studied groups.   *: Statistically significant at p ≤ 0.05

Table (1) illustrates the groups' baseline characteristics. Gender, gestational age, birth weight, mode of delivery, resuscitation at birth, Apgar scores, surfactant administration, and consanguinity did not differ between HFNC and nCPAP groups. Groups had similar maternal age, parity, prenatal steroid use, and risk variables.


Table 2: Respiratory and Feeding Outcomes of the studied groups.
	Variable
	HFNC Group (N=50)
	nCPAP Group (N=50)
	p-value

	Respiratory Outcomes
	
	
	

	Time of Initiation of Respiratory Support (days)
	1.54 ± 0.74
	1.98 ± 0.84
	0.149

	Duration of Respiratory Support (days)
	5.42 ± 2.18
	6.87 ± 3.12
	0.045 *

	Successful Weaning of NIV
	40 (80.0%)
	35 (70.0%)
	0.250

	Need for Mechanical Ventilation
	7 (14.0%)
	13 (26.0%)
	0.135

	Duration of Supplemental O₂ (days)
	10.54 ± 4.12
	12.98 ± 5.20
	0.030 *

	Hospital Stay Duration (days)
	8.36 ± 3.63
	13.22 ± 5.63
	<0.001*

	Feeding Outcomes
	
	
	

	Time to Start Feeding (days)
	2.1 ± 0.9
	3.5 ± 1.1
	0.030 *

	Time to Reach Full Feeds (days)
	9.2 ± 3.4
	11.6 ± 3.8
	0.007 *

	Feeding Intolerance
	8 (16.0%)
	12 (24.0%)
	0.305

	Weight Gain (g)
	21.5 ± 5.3
	19.8 ± 5.9
	0.150


Abbreviation. NIV: Noninvasive Ventilation
Data represent as Mean ± SD or number (percentage).
p: p value for comparing between the two studied groups.   *: Statistically significant at p ≤ 0.05

Table (2) represents a comparison of respiratory and feeding outcomes. The HFNC group had significantly shorter durations of respiratory support (p=0.045), supplemental oxygen (p=0.030), and hospital stay (p<0.001). Time to initiate feeding and time to reach full enteral feeds were also significantly shorter in the HFNC group (p=0.030 and p=0.007, respectively). No significant differences were observed in feeding intolerance, weight gain, successful weaning, or need for mechanical ventilation.
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Figure (2): Comparison between the studied groups regarding complications.
Figure 2 shows complication rates for 100 preterm infants (50 HFNC, 50 nCPAP). The HFNC group consistently showed lower rates across all complications, including nasal trauma (6% vs 16%), apnea (8% vs 18%), pneumonia (4% vs 12%), bronchopulmonary dysplasia (10% vs 20%), necrotizing enterocolitis (2% vs 10%), and neonatal sepsis (4% vs 14%), but without a statistical significant differences between the two groups.




Table 3: Complications and Laboratory Findings of the studied groups.
	Variable
	HFNC Group (N=50)
	nCPAP Group (N=50)
	p-value

	Blood glucose (mg/dl)
	105.96 ± 27.37
	96.56 ± 24.25
	0.096

	CRP  (mg/dl)
	0.23 ± 0.03
	0.19 ± 0.01
	0.529

	CBC
	
	
	

	WBC (×10³/µL)
	14.84 ± 20.59
	12.02 ± 6.89
	0.287

	HB (g/dL)
	14.64 ± 3.12
	15.58 ± 2.86
	0.139

	Hematocrit (%)
	47.43 ± 31.03
	45.09 ± 9.24
	0.596

	Platelets (×10³/µL)
	231.92 ± 92.46
	249.6 ± 97.92
	0.386

	Segmented Neutrophils (%)
	45.85 ± 16.37
	43.75 ± 15.69
	0.537

	Lymphocytes (%)
	38.09 ± 15.95
	38.55 ± 13.67
	0.870

	Serum electrolyte
	
	
	

	Serum Na (mmol/L)
	140.68 ± 4.95
	139.3 ± 3.63
	0.298

	Serum K (mmol/L)
	4.73 ± 0.71
	4.72 ± 0.71
	0.947

	Serum Ca+2 (mg/dL)
	8.59 ± 0.96
	8.59 ± 1.17
	0.987

	Kidney function test
	
	
	

	Serum urea (mg/dL)
	23.65 ± 18.52
	29.31 ± 9.23
	0.178

	Serum creatinine (mg/dL)
	0.58 ± 0.23
	0.51 ± 0.21
	0.161

	ABG
	
	
	

	PH
	7.37 ± 0.23
	7.33 ± 0.14
	0.372

	PCO2 (mmHg)
	33.13 ± 10.69
	37.39 ± 15.51
	0.133

	HCO3 (mmol/L)
	23.34 ± 6.27
	20.67 ± 9.49
	0.152


Abbreviation. CBC: Complete Blood Count, WBC: White Blood Cells, HB: Hemoglobin, Na: Sodium, K: Potassium, Ca+2: Calcium, ABG: Arterial Blood Gas, PCO2: Partial Pressure of Carbon Dioxide, HCO3: Bicarbonate
Data represent as Mean ± SD.
p: p value for comparing between the two studied groups.   *: Statistically significant at p ≤ 0.05
Table (3) shows Laboratory findings, including blood glucose, CRP, CBC, electrolytes, renal function, and arterial blood gases, showed no significant differences between groups.
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Figure (3): Comparison between the studied groups regarding chest x rays) findings.
Radiological findings for 100 preterm infants (50 HFNC, 50 nCPAP). No statistically significant differences were found in the distribution of radiological grades between the two groups (p=0.673). The majority of infants in both groups had Grade I findings (HFNC: 70%, nCPAP: 64%). Grade II findings were observed in 20% of HFNC and 24% of nCPAP infants, while Grade III findings were seen in 10% of HFNC and 12% of nCPAP infants (Figure 3).





Table 4: Final Outcomes of the studied groups.
	Variable
	HFNC Group (N=50)
	nCPAP Group (N=50)
	p-value

	Final Clinical Outcome
	
	
	

	Died
	6 (12.0%)
	9 (18.0%)
	0.401

	Discharged
	44 (88.0%)
	41 (82.0%)
	


Data represent as number (percentage).
p: p value for comparing between the two studied groups or within group.   *: Statistically significant at p ≤ 0.05

Table (4) shows mortality was lower in the HFNC group (12% vs. 18%), but this difference was not statistically significant (p=0.401).


Discussion
This randomized controlled trial comparing HFNC versus nCPAP in preterm infants with RDS demonstrates several clinically significant advantages of HFNC, particularly in resource utilization and feeding outcomes, while maintaining comparable safety profiles.
The finding of significantly shorter respiratory support duration in the HFNC group (5.42 vs 6.87 days, p=0.045) aligns with Luo et al. (7), who found HFNC was associated with shorter oxygen therapy duration compared to nCPAP (SMD = −0.35, 95% CI: −0.68 to −0.02). However, this contrasts with Uchiyama et al. (8), who reported that HFNC might require slightly longer non-invasive support post-extubation. The significantly shorter supplemental oxygen duration in our HFNC group (10.54 vs 12.98 days, p=0.030) may be attributed to HFNC's superior comfort and ease of use for moderately ill infants (7).
While the present work  showed numerically higher success rates for HFNC (80% vs 70% successful weaning), this difference was not statistically significant, consistent with Singh et al. (9), who concluded HFNC was non-inferior to nCPAP with comparable failure rates. Similarly, Zhu et al. (10) found no significant difference between modalities in weaning success and mechanical ventilation needs. A study Zhu et al. (10), who reported lower mechanical ventilation incidence with HFNC, especially in 26-29 week infants, support the result toward lower mechanical ventilation requirements in our HFNC group (14% vs 26%).
Our most interesting finding was significantly shorter hospitalization in the HFNC group (8.36 vs 13.22 days, p<0.001), representing a 37% reduction. This is supported by Luo et al. (7), who reported shorter hospital stays with HFNC (mean difference: −3.2 days, 95% CI: −4.8 to −1.6). However, Uchiyama et al. (8) and Zhu et al. (10) found no significant differences, suggesting results may vary based on healthcare systems and discharge criteria. This substantial reduction has important implications for healthcare economics and family dynamics.
In the current study, the significantly earlier enteral feeding initiation in the HFNC group (2.1 vs 3.5 days, p=0.030) and faster progression to full feeds (9.2 vs 11.6 days, p=0.007) represent clinically important advantages. This may reflect better respiratory stability with HFNC, as lower pressure delivery interferes less with gastric emptying. These findings are consistent with Walsh et al. (11) and Razzaghy et al. (12), who found early feeding protocols improved gastrointestinal tolerance. Boscarino et al. (13) similarly reported that early enteral feeding reduced complications in HFNC-supported infants.
The lower nasal trauma rate in our HFNC group (6% vs 16%), while not statistically significant in our results, aligns with Luo et al. (7), who reported significantly lower nasal trauma with HFNC (RR = 0.36, 95% CI: 0.29–0.45). Lower apnea rates (8% vs 18%) align with Iranpour et al. (14), who found non-invasive ventilation reduced apnea episodes when combined with prophylactic caffeine.
Although pneumonia (4% vs 12%) and BPD rates (10% vs 20%) were numerically lower with HFNC, differences were not statistically significant. Pan et al. (15) similarly reported no significant differences in BPD rates between non-invasive ventilation modalities. The similar rates of IVH (6% vs 8%) and ROP (8% vs 14%) are consistent with Sorokina & Bolonska (16), who indicated that prolonged respiratory support duration increases these risks.
Lower rates of NEC (2% vs 10%) and neonatal sepsis (4% vs 14%), while not statistically significant, may relate to earlier feeding establishment. Shen et al. (17) reported that early enteral feeding and appropriate antibiotic use were associated with reduced NEC risk.
In the current study , the comparable blood glucose levels, electrolyte balance, and kidney function between groups indicate both modalities maintain physiological homeostasis effectively. Our findings align with Sayed et al. (18) regarding glucose levels and Stritzke et al. (19) regarding electrolyte balance. Similar CRP levels and CBC parameters, as reported by Kadi et al. (20), suggest minimal differential impact on inflammatory responses. The comparable ABG parameters indicate both modalities provide adequate ventilation, supported by Uchiyama et al. (21).
The comparable RDS severity distribution indicates similar efficacy across disease severities. Singh et al. (9) and Wang et al. (22) similarly reported no significant differences in radiological findings between modalities. The numerically lower mortality in our HFNC group (12% vs 18%) is consistent with Li et al. (23), Mukerji et al. (24), and Zhu et al. (10), who reported comparable mortality rates between modalities.
The current well-balanced demographics support study validity. The mean gestational age of 32.4 weeks aligns with Qian et al. (25), who noted that infants <32 weeks often require intensive respiratory support. Higher emergency cesarean rates reflect acute delivery complications, as noted by Lin et al. (26). Maternal characteristics were comparable, consistent with Shin et al. (27) and Murki et al. (28). The distribution of maternal risk factors aligned with Bruet et al. (29) and Armanian et al. (30).
Conclusions
In conclusion, HFNC and nCPAP are effective non-invasive respiratory support modalities for preterm infants with RDS. HFNC was associated with shorter durations of respiratory support, oxygen supplementation, and hospitalization, as well as better feeding outcomes. These findings suggest that HFNC can be a suitable alternative to nCPAP for respiratory support in preterm infants with RDS.
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