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Abstract: Objective: To compare the efficacy of two noninvasive positive pressure ventilation modes combined with 
Curosurf in the treatment of respiratory distress syndrome in premature infants. Methods: A prospective study 
was conducted on 82 premature infants with neonatal respiratory distress syndrome, including 47 males and 35 
females. The infants were divided into two groups using the random number table method, with 41 patients in 
each group. Non-invasive high-frequency ventilation combined with Curosurf treatment was used in the observation 
group, and bi-level positive airway pressure ventilation combined with Curosurf treatment was used in the control 
group. The clinical efficacy in the two groups was observed. The arterial partial pressure of oxygen (PaO2), the arte-
rial partial pressure of carbon dioxide (PaCO2), and the oxygenation index (OI, PaO2/FiO2) were measured before 
treatment and at 1 hour, 6 hours, 12 hours, 24 hours, and 72 hours after treatment. The non-invasive ventilator 
treatment time, oxygen inhalation time, hospitalization time, and complications were recorded. Results: The total ef-
fective rate in the observation group was 95.12%, which was higher than the total effective rate in the control group 
(82.93%, P>0.05). After 1 h and 72 h of treatment, the PaO2 in the observation group was higher than it was in the 
control group (P<0.05). After 1 h, 6 h and 12 h of treatment, the PaCO2 in the observation group was lower than 
it was in the control group (P<0.05). After 24 h and 72 h of treatment, the OI in the observation group was higher 
than it was in the control group (P<0.05). The non-invasive ventilator treatment time, oxygen inhalation time, and 
hospitalization time in the observation group were lower than they were in the control group (P<0.05). The incidence 
of complications in the observation group was 4.88%, which was lower than it was in the control group (21.95%, 
P<0.05). Conclusion: Compared with the combination of bi-level positive airway pressure ventilation and Curosurf 
treatment, the use of non-invasive high-frequency oscillatory ventilation combined with a pulmonary surfactant can 
accelerate the time needed for carbon dioxide removal, shorten the treatment time, and reduce the occurrence of 
complications, which is worthy of further clinical applications.
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Introduction

Neonatal respiratory distress syndrome (NRDS) 
refers to a condition in which neonatal lung 
development is not fully mature, and respirato-
ry failure is the main clinical manifestation due 
to the lack of pulmonary surfactant (PS). It is 
more common in premature babies [1] and can 
be accompanied by symptoms such as progres-
sive dyspnea, cyanosis, dyspnea, and pale 
complexion [2-4]. NRDS is characterized by 
acute onset, severe illness, rapid progression, 

and a high mortality rate [5], and its incidence 
rate is on the rise in China. A Korean study in 
2015 found that the incidence of NRDS in very 
low birthweight newborns can reach 28.9%, 
and the mortality rate can be as high as 11.9% 
[6]. Another European study found that the inci-
dence of NRDS in newborns at 28 weeks of ges-
tational age was 80%, compared with 90% at 
24 weeks of gestational age [7].

Clinically, mechanical ventilation combined wi- 
th pulmonary surfactant is used to treat NRDS 
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and achieve a remarkable curative effect. The 
representative drug of pulmonary surfactant is 
poractant alfa injection (Curosurf) [8-10]. With 
the development of medical technology, non-
invasive ventilation technology has gradually 
replaced mechanical ventilation, and the treat-
ment of NRDS with non-invasive ventilation 
technology combined with a pulmonary surfac-
tant is currently recognized [11]. At present, 
non-invasive ventilation is mainly non-invasive 
positive pressure ventilation. The common 
ones include: nasal continuous positive pres-
sure ventilation, nasal intermittent positive 
pressure ventilation, and hot humidification 
and high flow nasal catheter ventilation. 
However, one study found that there are some 
adverse reactions to non-invasive positive 
pressure ventilation, for example, carbon diox-
ide retention, hypoxemia, and the effect on the 
gastrointestinal tract [12]. Based on the above 
problems, the improvement of positive pres-
sure ventilation, bi-level positive airway pres-
sure ventilation (BiPAP), is used for the treat-
ment of NRDS and is characterized by fewer 
adverse reactions and a good curative effect 
[13]. BiPAP is a new type of non-invasive venti-
lation treatment model to appear recently. It 
works by adjusting high and low pressure levels 
and time, and it has a wide range of clinical 
applications [13, 14]. Studies have shown that 
the use of BiPAP can effectively reduce ventila-
tor work, increase tidal volume, significantly 
improve the ventilation perfusion ratio of chil-
dren, improve PaO2, reduce PaCO2, and in- 
crease functional residual capacity. It has sig-
nificant efficacy and few complications [15].

In recent years, another new type of noninva-
sive positive pressure ventilation, noninvasive 
high-frequency oscillatory ventilation (NHFOV) 
has begun to be used in clinical practice. The 
study found that it not only has the characteris-
tics of non-invasive positive pressure ventila-
tion, that is, little trauma, but it also has the 
advantages of not needing respiratory synchro-
nization, good carbon dioxide removal, a small 
volume, and small barotrauma [16]. NHFOV can 
effectively avoid the respiratory support thera-
py that occurs after tracheal intubation in 
mechanical ventilation and can reduce the inci-
dence of post-treatment complications [17, 18]. 
However, there are few studies on the efficacy 
of BiPAP and NHFOV combined with pulmonary 
surfactant (PS) in the treatment of NRDS. 
Therefore, this study aimed to compare the effi-

cacy of these two noninvasive positive pres-
sure ventilation modes combined with PS in the 
treatment of NRDS.

Materials and methods

General data

A prospective study was conducted in 82 pre-
mature infants with neonatal respiratory dis-
tress syndrome admitted to the Department of 
Obstetrics in our hospital from January 2017 to 
April 2019, including 47 males and 35 females. 
They were divided into two groups using the 
random number table method, with 41 patien- 
ts in each group. Non-invasive high-frequency 
ventilation combined with Curosurf treatment 
was used in the observation group, and bi-level 
positive airway pressure ventilation combined 
with Curosurf treatment was used in the con-
trol group. Informed consent was obtained fr- 
om the family members of all the included chil-
dren, and the study was approved by the Ethics 
Committee of the First People’s Hospital of 
Wenling.

Inclusion and exclusion criteria

Inclusion criteria: The patients met the diag-
nostic criteria in the 2016 European Guidelines 
for the Prevention and Treatment of Neonatal 
Respiratory Distress Syndrome [7]; gestatio- 
nal age <37 weeks; hospitalized within 12 
hours after birth; progressive dyspnea at 6 
hours after birth.

Exclusion criteria: Children with heart and liver 
disease; those with an intrauterine infection; 
those with aspiration pneumonia or wet lungs; 
those with a congenital genetic disease; those 
with congenital malformations.

Methods

Poractant alfa (Curosurf, Chiesi Pharmaceuti- 
cal Co., Ltd., Germany) was instilled into the  
trachea of all the enrolled NRDS children un- 
der tracheal intubation. The poractant alfa 
injection was put into the syringe at a dose of 
200 mg/kg, and then it was injected once and 
quickly into the lungs with tracheal intubation 
of a thin catheter under a sterile operation to 
make it quickly and evenly dispersed. After the 
instillation was completed, the trachea cannula 
was removed. PaO2 and PaCO2 were observed 
according to the blood gas analysis. The obser-
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vation group was treated with a NHFOV ventila-
tor (SLEbaby 5000, UK). The parameters were 
set as follows: fraction of inspired oxygen (FiO2): 
30-40%; mean airway pressure (MAP): 8 cm 
H2O; frequency: 7-12 HZ; the respiratory ampli-
tude was adjusted according to the degree of 
oscillation of the chest of the child, which was 
preferably at 8-9 ribs on the chest radiograph, 
and the amplitude was set at 2-3 times of MAP. 
Ventilator weaning indication: MAP<6 cm H2O, 
FiO2<30%, and PaO2>90%. In the control group, 
a BiPAP ventilator (Fabian neonatal ventilator, 
Switzerland) was used. The parameters were 
set as follows: FiO2: 30-40%, peak airway pres-
sure (PIP): 12-15 cm H2O, positive end expira-
tory pressure (PEEP): 5 cm H2O, respiratory 
rate: 30-40 times/minute. Ventilator weaning 
indication: PEEP≤3 cm H2O, FiO2<30%, PIP≤5 
cm H2O, PaO2>90%.

Outcome measurements

General data observation: gender, birth weight, 
gestational age, mode of parturition, NRDS 
classification, prenatal glucocorticoid use, and 
Apgar score.

Main outcome measurements: The clinical effi-
cacy was evaluated after 72 hours of treat-
ment. The evaluation criteria were based on 
“Practical Neonatology” published in 2011 
[19]. Markedly effective: PaO2 increased signifi-
cantly, clinical symptoms disappeared, and the 
chest radiograph was normal. Effective: PaO2 
increased compared with before the treatment, 
the clinical symptoms were relieved, and the 
ventilation treatment was still needed. Ine-
ffective: The increase of PaO2 was not obvious, 
and the clinical symptoms were not relieved or 
even worsened. Total efficiency = (Markedly 

effective + effective)/total number of patients. 
PaO2, PaCO2, and the oxygenation index (OI) 
were determined before the non-invasive treat-
ment, after 1 hour, 6 hours, 12 hours, 24 hours, 
and 72 hours of treatment.

Secondary outcome measurements: Non-in- 
vasive ventilator treatment time, oxygen inhala-
tion time, and hospitalization time were record-
ed. Complications such as pulmonary gas leak-
age, nasal injury, apnea syndrome, and intra-
cranial hemorrhage were recorded.

Statistical analysis

SPSS 17.0 software (Asia Analytics Formerly 
SPSS, China) was used for the statistical analy-
sis. The continuous variables were expressed 
as the mean ± standard deviation (

_
x  ± sd). 

Variables that conformed to a normal distribu-
tion and homogeneity of variance were ana-
lyzed using an independent sample t test and 
denoted by t. A paired t-test was used to com-
pare the variables before and after treatment 
in the same group. The multi-time comparisons 
were performed using a repeated measures 
analysis of variance, and if there were differ-
ences, further pairwise comparisons were 
made using an LSD analysis. The enumeration 
data were expressed as % and analyzed using  
a Pearson chi-squared test, denoted by χ2. 
P<0.05 was considered significantly different.

Results

Comparison of the general data between the 
two groups

There were no significant differences in gender, 
gestational age, birth weight, mode of parturi-

Table 1. Comparison of the general data between the two groups
Observation group 

(n=41)
Control group 

(n=41) χ2/t P

Gender (male:female) 24:17 26:15 0.205 0.651
Gestational age (weeks) 33.2±1.4 33.5±1.5 0.932 0.354
Birth weight (kg) 1.82±0.33 1.84±0.41 0.253 0.801
Mode of parturition (Natural childbirth:cesarean section) 5:36 4:37 0.125 0.724
NRDS classification
    Grade II 25 24 0.051 0.822
    Grade III 16 17
Prenatal glucocorticoid use rate 15 (36.58%) 14 (34.15%) 0.053 0.817
Apgar score 5.8±1.4 6.0±1.5 0.466 0.643
Note: NRDS: Neonatal respiratory distress syndrome.
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tion, NRDS classification, prenatal glucocorti-
coid use rate, or the Apgar score between the 
two groups (P>0.05). See Table 1.

Comparison of the clinical effects between the 
two groups

The total effective rate of the observation group 
was 95.12%, which was higher than the rate of 
the control group (82.93%), but there was no 
significant difference (P>0.05). See Table 2.

Comparison of the changes in PaO2, PaCO2 
and OI at different time points in the two 
groups

A repeated measures analysis of variance 
showed that there was a significant difference 
in PaO2 between the two groups at different 
time points (P<0.001). Before treatment, and 
at 6 hours, 12 hours, and 24 hours after treat-
ment began, there were no differences in PaO2 
between the two groups (P>0.05). After treat-
ment for 1 hour and 72 hours, the PaO2 in the 
observation group was higher than it was in  
the control group (P<0.05). There was a signifi-
cant difference in the PaCO2 between the two 
groups at different time points (P<0.001). 
There was no difference in PaCO2 between the 
two groups before treatment, and at 24 hours 
and 72 hours after treatment began (P>0.05). 
The PaCO2 in the observation group was lower 
than it was in the control group at 1 hour, 6 
hours, and 12 hours after treatment began 
(P<0.05). There was a significant difference in 
OI between the two groups at different time 
points (P<0.001). There was no difference in OI 
between the two groups before treatment, and 
at 1 hour, 6 hours, and 12 hours after treat-
ment began. The OI of the observation group 
was higher than it was in the control group at 
24 hours and 72 hours after treatment began 
(P<0.05). See Tables 3-5 and Figure 1.

treatment time, oxygen inhalation time, and 
hospitalization time than the control group, and 
there were significant differences (P<0.05). 
See Table 6.

Comparison of the complications between the 
two groups

The incidence of complications in the observa-
tion group was 4.88%, which was lower than 
that of the control group (21.95%), and there 
was a significant difference (P<0.05). See Table 
7.

Discussion

Neonatal respiratory distress syndrome (NRDS) 
is a common respiratory disease in neonates. It 
is called neonatal hyaline membrane disease 
because of its unique pathological manifesta-
tions. The study found that the main patho-
physiological manifestation of NRDS is the lack 
of pulmonary surfactant (PS), which causes  
the alveolar surface tension to decrease, the 
alveoli to shrink, and the oxygen exchange to 
decrease as the blood flows through the ate- 
lectasis alveoli, resulting in a decrease in blood 
oxygen. The body is in an anoxic state, and 
hypoxia further leads to damage to the vascular 
endothelium, eventually resulting in damage to 
pulmonary vascular function and structure 
[20]. It is currently recognized that the use of 
non-invasive ventilation technology combined 
with a pulmonary surfactant is the best treat-
ment for NRDS [11]. Based on this, this study 
found that there is no statistically significant 
difference between the two non-invasive venti-
lation methods combined with PS in the treat-
ment of NRDS. It indicated that both noninva-
sive ventilation regimens had a good response 
to NRDS, which is consistent with previous 
studies [13-18].

Previous studies found when premature infan- 
ts with respiratory failure were treated with 

Table 2. Comparison of the clinical effects between the two groups

Group Markedly 
effective Effective Ineffective Total effective 

rate (%)
Observation (n=41) 21 (51.22) 18 (43.90) 2 (4.88) 39 (95.12)
Control (n=41) 16 (39.02) 18 (43.90) 7 (17.07) 34 (82.93)
χ2 3.120
P 0.077

Comparison of the non-
invasive ventilator treatment 
time, the oxygen inhalation 
time and the hospitaliza-
tion time between the two 
groups

The observation group had a 
lower non-invasive ventilator 
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NHFOV, PaCO2 was significantly decreased and 
PaO2 was increased [21]. Another study found 
that after the treatment of noninvasive positive 
pressure ventilation for 7 days, the use of 

NHFOV for 2 h could also result in a decrease in 
PaCO2 [22]. The study found that BiPAP could 
effectively improve OI, increase PaO2 and 
reduce PaCO2 in children with NRDS [23]. In 

Table 3. Comparison of the partial pressure of oxygen at different time points in the two groups

Group Before  
treatment

1 h after  
treatment

6 h after 
treatment

12 h after 
treatment

24 h after 
treatment

72 h after 
treatment

Observation (n=41) 47.60±3.50 58.55±2.60 64.10±4.40 65.82±4.31 70.41±10.54 76.51±10.82
Control (n=41) 46.90±3.30 57.00±2.80 62.70±4.30 64.73±5.93 69.23±10.81 71.75±10.67
t 0.375 2.602 1.458 0.979 0.500 2.018
P 0.709 0.011 0.149 0.331 0.618 0.047
F 561.310
P <0.001

Table 4. Comparison of the partial pressure of carbon dioxide at different time points in the two 
groups of children

Group Before  
treatment

1 h after  
treatment

6 h after  
treatment

12 h after 
treatment

24 h after  
treatment

72 h after 
treatment

Observation (n=41) 54.61±8.22 41.62±6.37 39.03±3.32 37.57±8.32 38.12±7.21 37.95±9.12
Control (n=41) 53.92±7.64 50.71±6.49 45.34±4.67 44.29±8.92 39.25±7.54 38.14±8.22
t 0.394 6.401 7.056 3.369 0.695 0.099
P 0.695 <0.001 <0.001 0.001 0.489 0.921
F 918.458
P <0.001

Table 5. Comparison of the oxygenation index at different time points in the two groups of children

Group Before  
treatment

1 h after  
treatment

6 h after  
treatment

12 h after 
treatment

24 h after 
treatment

72 h after 
treatment

Observation (n=41) 175.50±35.21 192.47±36.81 227.21±35.38 253.69±38.68 254.38±4.21 263.69±4.91
Control (n=41) 174.30±36.13 190.12±34.12 222.51±34.12 251.38±42.70 242.66±6.38 254.32±6.13
t 0.153 0.300 0.747 0.257 10.236 7.623
P 0.878 0.765 0.458 0.798 <0.001 <0.001
F 375.938
P <0.001

Figure 1. Comparison of changes in PaO2, PaCO2, OI at different times in the two groups. A: Comparison of PaO2 at 
different times; B: Comparison of PaCO2 at different times; C: Comparison of OI at different times. Compared with 
the control group, *P<0.05, **P<0.01, ***P<0.001; OI, oxygenation index.
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this study, the changes of PaO2, PaCO2, and OI 
at different time points were compared. PaCO2 
at 1 h, 6 h and 12 h after starting NHFOV treat-
ment was lower than BiPAP, indicating that 
NHFOV cleared PaCO2 

earlier than BiPAP. There were some differenc-
es in PaO2 between the two groups after 72 h of 
treatment, and there were differences in OI 
after 24 h and 72 h of treatment, indicating 
that both NHFOV and BiPAP could improve 
blood oxygen and the oxygenation index. This 
study found that the non-invasive ventilator 
treatment time, oxygen inhalation time, and 
hospitalization time were lower in children with 
NHFOV treatment than BiPAP, which might be 
related to the fact that NHFOV treatment 
cleared PaCO2 faster and improved PaO2 and OI 
faster than BiPAP treatment. 

In terms of complication studies, previous stud-
ies have found that NHFOV can effectively 
improve alveolar ventilation function, promote 
carbon dioxide excretion, improve the symp-
toms of dyspnea, and reduce lung injury and 
pneumothorax [24]. Another study found that 
the NHFOV mode in newborns can significantly 
reduce the occurrence of apnea and reduce the 
lowering of blood oxygen or the heart rate [18]. 
In this study, the incidence of complications 
with NHFOV treatment was found to be lower 
than that of BiPAP, which was consistent with 
the above studies.

complications, and it is worth further clinical 
application.
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