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The clinical effects of two non-invasive ventilation 
modes on premature infants with respiratory 
distress syndrome
A randomized controlled trial
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Abstract 
Background: To compare the safety and effectiveness of nasal noninvasive high- frequency oscillatory ventilation (NHFOV) and 
duo positive airway pressure (DuoPAP) applications in preterm babies with respiratory distress syndrome (RDS).

Methods: This was a randomized controlled trial. Forty-three premature infants with RDS treated in the neonatal intensive 
care unit of Huaibei Maternal and Child Health Hospital from January 2020 to November 2021 were selected as the research 
participants. They were randomly divided into the NHFOV group (n = 22) and DuoPAP group (n = 21). General conditions, 
including the arterial oxygen partial pressure (PaO2), carbon dioxide partial pressure (PaCO2), oxygenation index (OI), the incidence 
of apnea at 72 hours, duration of noninvasive respiratory support, maternal high-risk factors, total oxygen consumption time, total 
gastrointestinal feeding time, and the frequency of intraventricular hemorrhage (IVH), neonatal necrotizing enterocolitis (NEC), and 
bronchopulmonary dysplasia (BPD) and apnea were compared between the NHFOV group and DuoPAP group at 12 and 24 
hours after noninvasive respiratory support.

Results: There was no noteworthy difference between the 2 groups with respect to PaO2, PaCO2, OI, IVH, and NEC and BPD 
at different nodes (all P > .05).

Conclusion: The endpoints of PaO2, PaCO2 and OI and complications of IVH, NEC, BPD and Apnea, and did not reveal any 
statistical differences between NHFOV and DuoPAP during the respiratory support in preterm babies with RDS.

Abbreviations: BPD = bronchopulmonary dysplasia, CPAP = continuous positive airway pressure, DuoPAP = duo positive 
airway pressure, FiO2 = fraction of inspiration O2, IVH = intraventricular hemorrhage, MAP = mean airway pressure, NEC = 
neonatal necrotizing enterocolitis, NHFOV = nasal noninvasive high- frequency oscillatory ventilation, NIV = noninvasive ventilation, 
OI = oxygenation index, PaCO2 = carbon dioxide partial pressure, PaO2 = arterial oxygen partial pressure, PVL = periventricular 
leukomalacia, RDS = respiratory distress syndrome.

keywords: duo positive airway pressure, nasal high frequency ventilation, neonatal, noninvasive respiratory support mode, respi-
ratory distress syndrome

1. Introduction
Respiratory distress syndrome (RDS) is a common condition in 
infants born prematurely. RDS is a prevalent severe health issue 
that affects preterm infants. RDS is distinguished by its rapid 
onset and rapid progression, it can be fatal if not appropriately 
managed. RDS is a leading cause of newborn death.[1–3] Most of 
infants affected by RDS require respiratory support. Mechanical 
ventilation is a critical medical intervention in the case of RDS, 
but it may result in many complications such as pressure injury, 
pulmonary air leak, ventilator-related infection, and so on,[4–6] 
and all of which compromise premature infants long-term lung 

quality. In order to lower the rate of bronchopulmonary dys-
plasia, invasive mechanical ventilation has been substituted by 
noninvasive ventilation (NIV) in the treatment of RDS in pre-
mature newborns.[7,8] NIV is the administration of respiratory 
assistance without the use of direct tracheal intubation. NIV, 
when performed correctly, can significantly reduce the require-
ment for conventional endotracheal intubation and mechanical 
ventilation.[7,8]

NIV is typically used with smaller, “simpler,” but increasingly 
advanced “noninvasive” ventilators capable of providing a vari-
ety of respiratory support modes. Both noninvasive nasal high 
frequency ventilation (NHFV) and duo positive airway pressure 
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(DuoPAP) (DuoPAP, also named as bi-level positive airway 
pressure) are the most used NIV modalities, and they signifi-
cantly decrease CO2 retention in preterm babies with RDS and 
improved blood gas analyzer markers without increasing the 
prevalence of adverse effects.[9,10] NHFV is a novel noninvasive 
modality that combines nasal continuous positive airway pres-
sure (CPAP) with high-frequency oscillatory ventilation.[11] This 
model exhibits a good performance in improve oxygenation and 
promotes continuous glottal opening.[11] For this reason, NHFV 
is also known as supraglottic CPAP.[12] The glottal opening can 
significantly improve the efficiency of airflow, thereby ensuring 
the safety and effectiveness of NIV.[11,12] DuoPAP ventilation 
produces 2 levels of CPAP, with frequency and duration con-
trolled by the physician. Therefore, DuoPAP should theoretically 
be superior to CPAP in terms of alveolar expansion, functional 
residual capacity, and improvement in respiratory function.[13] 
However, there are few reports comparing the clinical effects of 
NHFV and DuoPAP for treating RDS for infants.

This study aimed to compare the clinical outcomes of NHFV 
to DuoPAP in preterm infants with RDS.

2. Subjects and Methods

2.1. Subjects

This protocol has been registered on National Medical 
Research Registration Platform of China (No. MR-34-21-
010666). The present study was approved by the Medical Ethics 
Committee of Huaibei Maternal and Child Health Hospital 
(No. FYL2020004). All parents of the recruited infants vol-
untarily signed the informed consent form. Premature infants 
from the neonatal intensive care unit of Huaibei Maternity and 
Child Health Care Hospital were recruited between January 
2020 and November 2022. The follow-up of each participat-
ing infant ended when the infant was discharged.

The following were the eligibility criteria: baby was prema-
ture (born before 36 weeks of pregnancy); premature infants 
with RDS requiring respiratory support; and received 1 dose 
of surfactant, and or exposure to antenatal corticosteroids. The 
diagnostic criteria for RDS were as follows[14]: presents with 
breathing problems at birth that progressively worsen, flaring 
nostrils, rapid breathing, grunting sounds when breathing, and 
chest retractions and cyanosis; RDS based on chest X-ray, with 
grade I and II RDS classified as mild, and grades III and IV RDS 
classified as severe; and patients had an arterial oxygen partial 
pressure/fraction of inspiration O2 (PaO2/FiO2) ratio of < 300 
(PaO2 < 60 mm Hg). The exclusion criteria were as follows: pre-
mature infants with infections (6 hours to 3 days, white blood 
cells ≥ 30χ109; C-reactive protein ≥ 3mg/L within 6 hours, or 
C-reactive protein ≥ 5mg/L within 6–12 hours), anemia (neona-
tal venous blood ≤ 130g/L within 2 weeks), and dyspnea caused 
by pulmonary hemorrhage; congenital malformations includ-
ing patent ductus arteriosus (Ductus arteriosus was still not 
closed 72 hours after birth by bedside ultrasound examination, 
and the left-to-right shunt flow was more than 50%); heart fail-
ure. If the newborn had unsmooth crying and the heart rate was 
lower than 100 beats/minute, initial resuscitation management 
was given, and T-Piece positive pressure ventilation.

A total of 43 premature infants with RDS were recruited 
(Fig. 1). Before grouping, the infants received NIV in the neona-
tal intensive care unit without caffeine given. A “random number 
table randomization” was used to sample these infants and they 
were divided into NHFV group (n = 22) and DuoPAP group (n 
= 21), and the assessment results were blinded to the assessor.

2.2. Procedures

No endotracheal intubation was proceeded prior to NIV. 
Surfactant (Poractant Alfa injection) was given by opening 
the airway with a laryngoscope, injecting a thin tube into the 

trachea. After about 1 minute, the hose was pulled out and 
the whole process of noninvasive ventilation was continuous 
during this procedure. The observation group was treated with 
an NHFV ventilator (SLEbaby 5000; SLE LIMITED, South 
Croydon Surrey, UK). The NHFV parameters were as follows: 
FiO2, 0.30 to 0.40; frequency, 6 to 12 Hz; and mean airway 
pressure (MAP), initially set to 8 cm H2O and adjusted between 
6 and 12 cm H2O.[15] The change in lung volume was quantified 
by a change in rib cage volume between the 8th and 9th ribs; 
its magnitude was 2 to 3 times that of MAP. The specific judg-
ment was based on the oscillation of the cervical and thoracic 
spine. Indications for ventilator weaning were as follows: when 
MAP < 6 cm H2O, FiO2 < 0.30, and blood oxygen saturation 
> 90%, nasal cannula oxygen therapy can be used instead of 
ventilator. The initial parameters with the subsequent adjust-
ments were as follows for the control group treated using a 
DuoPAP (ACUTRONIC Medical Systems AG, Hirzel, Zurich, 
Switzerland): FiO2, 0.30 to 0.40; PEEP, 5 cm H2O; PIP, 12 to 
15 cm H2O; inspiratory time, 0.5 seconds; and RR, 30 to 40 
breaths/minute. The step changes in FiO2, PIP, and PEEP were 
0.05, 2 cm H2O, and 1 to 2 cm H2O, respectively. The indications 
for ventilator weaning were as follows: FiO2 < 0.3; PEEP ≤ 3 cm 
H2O; PIP ≤ 5 cm H2O without presentations of dyspnea; blood 
oxygen saturation > 90%; and no abnormalities on blood gas 
analysis.

NIV was provided when the patient was transferred to the 
neonatal ward (within 12 hours after birth) and was given con-
tinuously for 24 hours, after which it was given sporadically 
and the time was gradually reduced, depending on the patient’s 
reaction. NIV was continued if the patient improved within the 
first 4 hours, and clinical assessments were performed every 2 
hours until the patient was free of RDS.

2.3. Observation indicators

Basic data and primary and secondary endpoints were collected 
for both groups by reviewing medical records. The basic data 
collected included gender, birth weight, gestational age. The 
primary endpoints were PaO2, carbon dioxide partial pressure 
(PaCO2) and oxygenation index (OI) 12 and 24 hours after 
the start of NIV. The incidences of intraventricular hemor-
rhage (IVH) or periventricular leukomalacia (PVL), necrotizing 
enterocolitis (NEC), bronchopulmonary dysplasia (BPD), and 
apnea during the first 72 hours were the secondary endpoints. 
In addition, the treatment effects including duration of NIV, 
duration of nasal cannula oxygen therapy, length of hospital 
stay, time to full feeding and maternal high-risk factors related 
to the parturients, the use rates of antenatal corticosteroid and 
surfactant and delivery mode were compared between groups.

3. Statistical method
All statistical analyses were conducted using SPSS 22.0 (IBM, 
Armonk, NY). Measurement data obeying a normal distribu-
tion were expressed as mean ± standard deviation. The inter-
group comparison of the measurement data was made using a t 
test. Count data were expressed as constituent ratios and com-
pared between the 2 groups using a X2 test. A P < .05 indicates 
a significant difference.

4. Results
noninvasive support successfully treated all studied cases. No 
failed individuals were recorded. The mean gestational age of 
the 22 infants recruited in the NHFV group was 32.82 ± 1.87 
weeks. Their mean bodyweight was 2088.86 ± 583.37 g. 
21 infants in the DuoPAP group had a mean gestational 
age of 32.57 ± 2.69 weeks and a mean bodyweight of 
2125.24 ± 781.74 g. There was no significant difference in the 
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statistical comparison of the above information between the 2 
groups (Table 1, all P > .05).

There were no significant differences in the PaO2, PaCO2 
and OI values at different time points between the 2 groups 
for the primary endpoints (P > .05; Table  2). The secondary 
endpoints of IVH, NEC, and BPD, apnea at 72 hours, as well 
as the total incidence of complications, showed no significant 
differences between the 2 groups (P > .05; Table 3). In terms 
of NIV treatment effects, the durations of NIV, the nasal can-
nula oxygen treatment, length of hospital stay, and time to full 

enteral feeding, there were no significant differences between the 
2 groups (P > .05; Table 4).

There was no significant difference between the 2 groups in terms 
of risk factors related to delivery, the use rates of antenatal cortico-
steroids and surfactant or mode of delivery (P > .05; Table 5).

5. Discussion
NIV is an important life-saving measure for RDS in infants.[7–10] 
NHFV has excellent outcomes in treating premature infants with 

Figure 1.  Flow Diagram of infants with RDS included in this study. RDS = respiratory distress syndrome.

Table 1

Comparison of treatment effects between the 2 groups (mean ± SD).

 NHFV (n = 22) DuoPAP (n = 21) t P 

Gestational age (w) 32.82 ± 1.87 32.57 ± 2.69 0.04 .75
Bodyweight (g) 2088.86 ± 583.37 2125.24 ± 781.48 0.17 .86

DuoPAP = duo positive airway pressure, SD = standard deviation.
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respiratory failure.[9] Our study confirmed a similar clinical value 
of the NHFV to the DuoPAP in premature infants with RDS. 
We compared PaCO2, FiO2, and OI values and the incidence of 
complications between premature infants with RDS receiving 
NHFV or DuoPAP. No significant differences existed between 
NHFV and DuoPAP in the ability to improve oxygenation. The 
2 modalities also had similar efficacy in reducing CO2. These 
results find that NHFV is not superior to DuoPAP, which agrees 
with the results in previous report by Mukerji et al[16]

NHFV has a low reintubation rate without increasing the rate 
of complications.[17] DuoPAP diminishes the need for invasive 

mechanical ventilation and complications in the treatment of 
neonatal respiratory distress syndrome.[18,19] No differences are 
found in rates of invasive mechanical ventilation 72 hours and 
7 days postrandomization or BPD in a report that compares 
the effectiveness of NHFV and DuoPAP.[16] Another report finds 
that the incidence of BPD, IVH ≥ grade 3, PVL, NEC ≥ II stage, 
abdominal distension, and nasal trauma were similar between 
the NHFV and DuoPAP groups.[9] The most important markers 
for monitoring the course of the adaptation period are arterial 
blood gases, respiratory rate, the patient’s subjective sense of 
dyspnea, and the patient’s degree of alertness. If the NIV fails, 

Table 2

Comparison of the primary endpoints at 12 and 24 hours after starting noninvasive ventilation in both groups (mean ± SD).

 NHFV (n = 22) DuoPAP (n = 21) t P 

PaO
2
/mm Hg*

Up to 12 h on a ventilator 85.23 ± 35.80 77.88 ± 32.16 0.71 .48
Up to 24 h on a ventilator 84.95 ± 29.98 87.53 ± 26.36 0.30 .77
PaCO

2
/mm Hg**

Up to 12 h on a ventilator 41.86 ± 12.16 46.38 ± 13.66 1.16 .26
Up to 24 h on a ventilator 38.05 ± 9.80 39.00 ± 9.51 0.37 .75
OI value***
Up to 12 h on a ventilator 299.73 ± 126.33 273.33 ± 115.86 0.71 .48
Up to 24 h on a ventilator 319.27 ± 126.27 336.33 ± 116.65 0.46 .65

DuoPAP = duo positive airway pressure, OI = oxygenation index, PaCO2 = carbon dioxide partial pressure, PaO2 = arterial oxygen partial pressure, SD = standard deviation.
* PaO

2
 = automatically measured the partial pressure of oxygen in arterial blood; 

** PaCO
2
 = automatically measured the partial pressure of carbon dioxide in arterial blood; 

*** oxygenation index = automatically measured as the mean airway pressure (Paw) FIO
2
 × 100/PaO

2
, where FIO

2
 is the percent of inspired oxygen that the patient is receiving.

Table 3

Comparison of the secondary endpoints between the 2 groups (n [%]).

 NHFV DuoPAP χ2 P 

IVH 0 1 (1.81)   
PVL 8 (36.36) 8 (38.10)   
NEC ≥ II stage 0 0   
BPD 2 (9.10) 4 (19.05)   
Apnea 0 0   
Overall incidence (%) 10 (45.48) 13 (31.90) 1.17 .28

PVL is divided into 4 grades. After admission, the bedside cranial ultrasonography showed PVL of the included infants were in the range of 1 to 2 grades. Dynamic follow-up showed no aggravation and had 
no effect on the prognosis of the infants.
BPD = bronchopulmonary dysplasia, DuoPAP = duo positive airway pressure, IVH = intraventricular hemorrhage, NEC = neonatal necrotizing enterocolitis, PVL = periventricular leukomalacia.

Table 4

Comparison of treatment effects between the 2 groups (mean ± SD).

 NHFV (n = 22) DuoPAP (n = 21) t P 

Duration of noninvasive ventilation (h) 64.45 ± 31.91 102.81 ± 101.06 1.66 .11
Duration of nasal cannula oxygen therapy (h) 123.64 ± 59.11 175.24 ± 172.12 1.30 .21
Length of hospital stay (d) 18.64 ± 10.23 23.19 ± 13.87 1.22 .25
Time to full feeding (h) 12.50 ± 7.71 16.33 ± 9.93 1.41 .18

DuoPAP = duo positive airway pressure, SD = standard deviation.

Table 5

Analysis of prenatal risk factors in both groups (n [%]).

 NHFV (n = 22) DuoPAP (n = 21) χ2 P 

High-risk factors associated with the parturients* 13 (59.10) 15 (71.43) 0.72 .40
Antenatal corticosteroids use 12 (54.55) 9 (42.86) 0.59 .44
Surfactant use 14 (63.64) 16 (76.19) 0.80 .37
Delivery mode (caesarean section or not) 9 (40.91) 9 (42.86) 0.02 .90

DuoPAP = duo positive airway pressure.
* High-risk factors: gestational diabetes, gestational hypertension, placental abruption and premature rupture of membranes > 18 hours.
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it should be withdrawn as quickly as feasible and the patient 
intubated.[1,5,7] In our study, the comparison of complications of 
NEC ≥ II stage, BPD and apnea within 72 hours did not reveal 
any statistical differences between NHFV and DuoPAP groups 
during the respiratory support in preterm babies with RDS. 
Both modalities prevented the need for endotracheal intubation 
in our small scaled study. In addition, our study found no differ-
ence in the incidence of IVH, PVL between the 2 groups. These 
results are consistent with previous reports.[9,16]

Our study indicated that there were no significant differences 
between NHFV and DuoPAP groups in the durations of NIV 
and nasal cannula oxygen treatment, length of hospital stay 
and time to full enteral feeding, which are similar to previous 
reports.[9,16] There was no significant difference between the 2 
groups in terms of delivery risk factors, prenatal corticosteroid 
and surfactant use, or mode of delivery as well, which needs 
further validation due to few related reports.

There are some limitations to our study that should be men-
tioned. First, the sample size is limited, which needs further val-
idation of multi-center studies with large sample. Second, there 
is no subgroup analysis such as gestation age.

6. Conclusion
Both NHFV and DuoPAP effectively reduced CO2 retention in 
premature infants with RDS and improved blood gas analysis 
indicators without increasing the incidence of adverse reactions. 
Both modalities can be considered safe and effective modes of 
ventilation, but randomized controlled trials with larger sample 
sizes should be used to further validate our findings.
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