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Abstract. Clinical efficacy of pulmonary surfactant combined 
with high-dose ambroxol hydrochloride in the treatment of 
neonatal respiratory distress syndrome (NRDS) was investi-
gated. One hundred child patients with NRDS in Linyi Central 
Hospital were collected according to the diagnostic criteria for 
RDS in the Pediatrics, and randomly divided into the treatment 
group (n=50) and the control group (n=50) based on different 
therapeutic methods. Patients in the control group were treated 
with basic treatment and high-dose ambroxol hydrochloride 
injection, while those in the treatment group were additionally 
administered with pulmonary surfactant Curosurf based on 
conventional therapy in the control group. The chest X-rays 
were collected before the treatment and at 12 h after the drug 
administration, the degree of respiratory distress in child 
patients was observed and evaluated via Silverman grading, 
and changes in blood gas indexes were recorded before treat-
ment and at 2, 6 and 12 h after the drug administration. The 
chest X-ray grade, Silverman grade and blood gas analysis 
results had no differences between the two groups before the 
treatment (P>0.05). In the treatment group, partial pressure 
of oxygen (PaO2) and PH were increased and partial pres-
sure of carbon dioxide (PaCO2) was decreased compared 
with those in the control group at 2, 6 and 12 h after the drug 
administration (P<0.05). At 12 h after the drug administration, 
chest X-ray grade and Silverman grade in both groups were 
improved, which were significantly superior in the treatment 
group to those in the control group (P<0.01). Moreover, the 
efficacy in the treatment group was remarkably better than that 
in the control group at 12 h after drug administration (P<0.01). 
Pulmonary surfactant combined with high-dose ambroxol 
hydrochloride has definite efficacy in the treatment of NRDS, 
which can significantly improve the pulmonary infection, 
respiratory distress and blood gas indexes of child patients.

Introduction

Neonatal respiratory distress syndrome (NRDS) refers to 
dyspnea symptoms such as cyanosis, tachypnea, expiratory 
sigh, nasal ala flap and inspiratory three-concave sign due 
to the lack of pulmonary surfactant in neonates after birth, 
which can lead to death of child patients in severe cases (1). 
According to the epidemiological survey, the incidence rate 
of NRDS is up to 7.8% with a fatality rate of 50% in prema-
ture infants (2), which is easy to cause chronic lung disease 
in children and affects the life safety and healthy growth 
of children. Mechanical ventilation is the most commonly 
used treatment method for NRDS, but it is easy to cause 
complications such as barotrauma and tracheo-pulmonary 
dysplasia in children with alveolar collapse. There are many 
causes of the disease, mainly due to the insufficient secre-
tion of pulmonary surfactant. Therefore, the key to treatment 
is to supplement the pulmonary surfactant or promote the 
generation of pulmonary surfactant. In clinical conventional 
therapy, ambroxol is often used to stimulate alveolar cells 
to secrete pulmonary surfactant, but its effect is still not 
obvious.

In the present study, therefore, pulmonary surfactant 
combined with high-dose ambroxol hydrochloride was 
applied in the treatment of NRDS, and its clinical efficacy was 
explored.

Patients and methods

Study subjects. A total of 100 child patients with neonatal 
respiratory distress syndrome (NRDS) treated in the Linyi 
Central Hospital (Linyi, China) from March 2016 to December 
2017, were selected as subjects of study according to the 
diagnostic criteria for RDS in the Pediatrics. Inclusion criteria 
were: i) child patients meeting the diagnostic criteria for RDS 
in Pediatrics; ii) child patients whose families were informed 
and willing to cooperate in the study; and iii) child patients 
without a history of obstetrical diseases, such as premature 
rupture of membrane and amniotic fluid pollution. Exclusion 
criteria were: i) child patients with severe hypoxemia before 
treatment; ii) child patients who were allergic to pulmonary 
surfactant or ambroxol hydrochloride; or iii) child patients 
diagnosed with lung diseases, such as pneumonia or wet lung 
disease.
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The 100 child patients with NRDS were randomly divided 
into the treatment (n=50) and control (n=50) groups using 
Statistical Product and Service Solutions (SPSS) 20.0 software. 
In the treatment group, there were 26 male and 24 female 
patients with an average gestational age of 34.36±2.24 weeks 
and an average age of 4.17±1.42 days. In the control group, 
there were 28 male and 22 female patients with an average 
gestational age of 34.25±2.12 weeks and an average age of 
4.21±1.41 days.

Families of child patients in the two groups signed informed 
consent. The study was approved by the Ethics Committee of 
Linyi Central Hospital.

Treatment methods. Child patients in the two groups were kept 
warm in an incubator and given continuous positive airway 
pressure and nutritional support via fluid infusion. Patients 
in the control group were treated with intravenous injection 
of high-dose ambroxol hydrochloride injection (Boehringer 
Ingelheim Espana, S.A., Barcelona, Spain; NMPN H20130779) 
(30 mg/kg, 2 times/day) for 3 consecutive days. Patients in the 
treatment group were treated additionally with intratracheal 
drip of pulmonary surfactant Curosurf (poractant alfa injection; 
Chiesi Farmaceutici S.p.A., Parma, Italy; NMPN H20080429) 
(100-200 mg/kg) based on the conventional therapy in control 
group, and Curosurf could be applied additionally (100 mg/kg) 
after 12 h when necessary.

Observation indexes. According to the scoring criteria of 
chest X-ray diagnostics, the chest X-ray grade was observed 
before treatment and at 12 h after drug administration to 
evaluate the pulmonary conditions. The severity of NRDS was 
assessed according to the Silverman scoring criteria (3), and 
the superior thoracic, inferior thoracic and subcostal depres-
sion, nasal ala flap, expiratory sigh and other symptoms were 
observed in the two groups during the treatment. Changes in 
blood gas indexes were recorded before treatment and at 2, 6 
and 12 h after drug administration, and whether adverse reac-
tions occurred during the treatment was observed.

Efficacy evaluation. Effective: after treatment, the clinical 
symptoms of child patients disappeared or were alleviated, the 
X-ray displayed that the abnormal shadow area in the lung had 
disappeared or was improved, and the blood gas indexes were 
normal or improved. Ineffective: after treatment, the clinical 
symptoms of child patients were aggravated or not improved, 
the X-ray displayed that the shadow area had expanded or 
not improved, and the blood gas indexes were worsen or not 
improved.

Statistical analysis. The SPSS 20.0 statistical analysis soft-
ware (IBM Corp., Armonk, NY, USA) was used for data 
processing. Measurement data were expressed as mean ± SD. 
The independent-samples t-test was used for the comparison 
of measurement data meeting normal distribution between 
the two groups, and the Chi-square test was used for the 
comparison of measurement data and enumeration data 
meeting abnormal distribution. ANOVA and LSD post hoc 
test was used for comparison between multiple groups. P<0.05 
indicates that the difference was statistically significant.

Results

Comparison of general data. There were no differences in the 
general clinical data between the two groups of child patients 
(P>0.05) (Table I).

Comparison of chest X-ray grade before treatment. The chest 
X-ray grade had no difference between the two groups of child 
patients before treatment (P>0.05) (Table II).

Comparison of Silverman grade before the treatment. The 
Silverman grade had no difference between the two groups of 
child patients before treatment (P>0.05) (Table III).

Comparison of changes in blood gas indexes before and after 
treatment. There were no differences in blood gas indexes 
between the two groups before treatment (P>0.05). In the 

Table I. Comparison of general clinical data.

Group Male/female Gestational age (weeks) Birth weight (g) Day age (days)

Control group 28/22 34.25±2.12 2272.00±540.40 4.21±1.41
Treatment group 26/24 34.36±2.24 2235.00±535.47 4.17±1.42
χ2/t 0.161 0.140 0.423 0.212
P-value 0.688 0.701 1.212 0.981

Table II. Comparison of chest X-ray grade before treatment.

 Chest X-ray grade
 ---------------------------------------------------------------------------------------------------
Group n Grade I Grade II Grade III χ2 P-value

Control group 50 15 (30.00) 27 (54.00) 8 (16.00)
Treatment group 50 11 (22.00) 27 (54.00) 12 (24.00) 1.415 0.493
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treatment group, partial pressure of oxygen (PaO2) and pH 
were increased and partial pressure of carbon dioxide (PaCO2) 
was decreased compared with those in the control group at 2, 6 
and 12 h after drug administration (P<0.05) (Table IV).

Comparison of chest X-ray grade at 12 h after drug admin-
istration. At 12 h after drug administration, the chest X-ray 
grade in both groups was improved, which was significantly 
superior in the treatment group to that in the control group 
(P<0.01) (Table V).

Comparison of Silverman grade at 12 h after drug adminis-
tration. At 12 h after drug administration, the Silverman grade 
in the two groups was improved, and the degree of NRDS was 

alleviated, which was superior in the treatment group to that in 
the control group (P<0.01) (Table VI).

Comparison of efficacy. The efficacy (88.00%) in the treatment 
group was remarkably better than that (40.00%) in the control 
group at 12 h after drug administration (P<0.01) (Table VII).

Table III. Comparison of Silverman grade before treatment.

 Silverman grade
 ---------------------------------------------------------------------------------------------------
Group n Grade I Grade II Grade III χ2 P-value

Control group 50 13 (26.00) 21 (42.00) 16 (32.00)
Treatment group 50 9 (18.00) 21 (42.00) 20 (40.00) 1.172 0.557

Table IV. Comparison of changes in blood gas indexes before and after treatment.

   2 h after drug 6 h after drug 12 h after drug
Group Index Before treatment administration administration administration

Control group PaO2 44.32±6.37 49.38±6.04 58.87±5.79 66.39±5.47
 PaCO2 43.92±6.48 41.98±6.36 38.93±5.87 35.41±5.47
 pH 7.17±0.05 7.19±0.06 7.22±0.05 7.31±0.02
Treatment group PaO2 43.25±5.92 53.48±5.38a 69.68±5.10a 89.49±4.71a

 PaCO2 45.36±6.13 40.40±5.41b 34.69±4.89b 29.12±4.59b

 pH 7.16±0.06 7.21±0.05c 7.23±0.04c 7.32±0.03c

aP<0.05 vs. PaO2 in the control group, bP<0.05 vs. PaCO2 in the control group, and cP<0.05 vs. PH in the control group.

Table V. Comparison of chest X-ray grade at 12 h after drug administration.

 Chest X-ray grade
 -----------------------------------------------------------------------------------------
Group n Grade I Grade II Grade III χ2 P-value

Control group 20/50 13/15 5/27 2/8
Treatment group 44/50 11/11 27/27 6/12 9.648 0.008

Table VI. Comparison of Silverman grade at 12 h after drug administration.

 Silverman grade
 ----------------------------------------------------------------------------------------
Group n Grade I Grade II Grade III χ2 P-value

Control group 20/50 11/13 6/21 3/16
Treatment group 44/50 9/9 21/21 14/20 7.739 0.021

Table VII. Comparison of efficacy after treatment (%).

Group Effective Ineffective χ2 P-value

Control group 20 (40.00) 30 (60.00)
Treatment group 44 (88.00) 6 (12.00) 25.000 <0.01



XIANG  and  WANG:  PULMONARY SURFACTANT AND AMBROXOL HYDROCHLORIDE IN RESPIRATORY DISTRESS 657

Discussion

Neonatal respiratory distress syndrome (NRDS) mainly refers 
to relevant symptoms such as progressive dyspnea and respira-
tory failure in neonates shortly after birth. The pathogenesis 
of NRDS is complex, which, according to studies, may be 
related to premature delivery, cesarean section, genetic varia-
tion and maternal diabetes (4,5). The basic pathogenesis of 
NRDS is acute diffuse alveolar capillary injury, leading to 
increased pulmonary capillary permeability and alveolar and 
pulmonary interstitial edema, ultimately resulting in damage 
to type II alveolar cells. Such damage reduces the pulmonary 
surfactant, so that the alveolar surface tension declines, the 
alveolar group shrinks, and the pulmonary ventilation/blood 
flow ratio becomes abnormal, eventually causing severe 
hypoxemia (6-8). NRDS is a key cause of death of neonates 
and premature infants (9,10), thus, it is of great importance to 
develop scientific and reasonable therapeutic regimen timely 
and effectively.

NRDS is mainly caused by the lack of pulmonary surfac-
tant, thus, its treatment should aim at the pulmonary surfactant. 
According to related current reports, the pulmonary surfactant 
can improve the pulmonary respiratory function and pulmo-
nary compliance, and increase the oxyhemoglobin saturation 
in NRDS, thereby reducing the mechanical ventilation time 
of child patients (11,12). The pulmonary surfactant is a kind 
of mixture composed of specific protein and phospholipid 
and mainly secreted by type II alveolar cells, which reduces 
the alveolar surface tension and prevents alveolar atrophy. 
Curosurf is a natural pulmonary surfactant extracted from the 
pig lung, which is composed of 41-48% lecithin and 51-58% 
other phospholipids and hydrophobin. After Curosurf enters 
the airway, it is absorbed by the liquid-gel layer, so bucking and 
other discomfort do not occur easily, the pulmonary compli-
ance and pulmonary oxygen saturation can be increased, and 
the pulmonary capacity and functional residual capacity can 
be improved, thus, promoting the pulmonary respiratory func-
tion (13). Curosurf treatment seldom causes bucking and other 
discomfort in child patients, with rapid onset and long-term 
action, which, according to the research of some scholars, has 
an excellent therapeutic effect on NRDS (14,15). Ambroxol 
hydrochloride, also known as ambrotherxol hydrochloride, is 
a kind of mucolytic and an active metabolite of bromhexine in 
the body, which can specifically bind to lung tissues, stimulate 
the phospholipid synthesis, reduce the generation of hydrogen 
peroxide and superoxide anion, promote the generation and 
secretion of pulmonary surfactant, reduce lung damage, 
alleviate the inflammatory response, attenuate alveolar 
epithelial cell damage, relieve pulmonary edema and decrease 
pulmonary interstitial exudation. Ambroxol hydrochloride is 
characterized by convenient application, low cost and high 
safety, so it has been used as a conventional drug in the clinical 
treatment of NRDS (16-19).

In the present study, pulmonary function was observed 
in both groups after additional application of pulmonary 
surfactant in the treatment group, and results revealed that 
the symptoms in both groups were improved after treatment, 
but the therapeutic effect in the treatment group was more 
obvious. Blood gas indexes were analyzed at 2, 6 and 12 h 
after treatment, and it was found that the chest X-ray grade 

and Silverman grade were improved, which were superior in 
the treatment group to those in the control group, indicating 
that under the heat preservation, basic nutritional support and 
continuous positive airway pressure, the high-dose ambroxol 
hydrochloride and pulmonary surfactant are able to improve 
the NRDS symptoms, such as blood gas, pulmonary infection 
and respiratory distress, and the application of pulmonary 
surfactant based on high-dose ambroxol hydrochloride has a 
definite efficacy, which are consistent with research conclu-
sions of other scholars (20,21). Therefore, it is recommended 
that the pulmonary surfactant combined with high-dose 
ambroxol hydrochloride be applied based on the basic treat-
ment in the clinical treatment of NRDS. 
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