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Abstract. – OBJECTIVE: This work aimed to 
explore the therapeutic effect of micropump in-
travenous infusion of ambroxol hydrochloride 
(AH) on respiratory distress syndrome (RDS) in 
premature infants.

PATIENTS AND METHODS: 56 premature 
infants from 28 to 34 weeks were recruited for 
analysis in this work. According to the treat-
ment methods, they were randomly divided into 
two groups, with 28 patients in each group. Pa-
tients in the experimental group were given in-
travenous AH by micropump, while those in the 
control group inhaled atomized AH. The thera-
peutic effects were evaluated by comparing the 
data after treatment.

RESULTS: The results showed that the serum 
8-iso-PGP2α level in the experimental group 
was 166.32 ± 49.52, which was substantially infe-
rior to that in the control group (183.32 ± 52.54), 
p < 0.05. In the experimental group, PaO2, SaO2, 
and PaO2/FiO2 were 95.88 ± 12.82 mmHg, 95.86 
± 2.27%, and 346.81 ± 51.93 mmHg, respective-
ly, after 7 days of treatment. Compared with 
the control group (88.21 ± 12.82 mmHg, 93.18 
± 3.13%, and 266.83 ± 48.09 mmHg), the differ-
ence was statistically significant, p < 0.05. The 
oxygen duration, respiratory distress relief time, 
and length of stay were 95.12 ± 12.53 h, 4.4 ± 0.6 
d, and 19.84 ± 2.8 d, respectively, in the exper-
imental group, while they were 145.92 ± 13.85 
h, 6.9 ± 0.9 d, and 28.42 ± 3.7 d, respectively, in 
the control group, showing great differences (p 
< 0.05).

CONCLUSIONS: Micropump infusion of AH 
in the treatment of premature RDS patients was 
more conducive to efficacy. It can alleviate the 
clinical symptoms of children with RDS, improve 
their blood gas indicators, relieve and repair the 
damage to alveolar epithelial cell lipids in chil-
dren with RDS, and ultimately improve the ther-
apeutic effect, which can be used for the clinical 
treatment of premature RDS.
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sion of ambroxol hydrochloride, Micropump iature 
ntravenous.

Introduction

Neonatal respiratory distress syndrome (RDS), 
also known as neonatal hyaline membrane disease 
(HMD), occurs because the lungs of premature 
infants are not fully developed and lack sufficient 
pulmonary surfactant (PS), resulting in pulmonary 
fluid circulation disorder, alveolar atrophy, pul-
monary capillary-alveolar high permeability and 
exosmotic lesions1. Most premature infants will 
suffer from RDS when their organs are not fully 
developed, which is also one of the factors contrib-
uting to the high mortality of premature infants2. 
The most important pathophysiological changes 
in RDS are PS deficiency, atelectasis, decreased 
alveolar ventilation/blood flow ratio, and abnor-
mal ventilation function3. PS appeared at 18 to 20 
weeks of gestational age and reached lung maturi-
ty at 35 to 36 weeks of gestational age. 

Patients with RDS lack PS, which will lead to 
reduced lung compliance and alveolar atrophy, 
resulting in progressive atelectasis4. The clinical 
manifestations of the children were early postna-
tal onset, with progressive dyspnea aggravation 
within 4-6 hours after birth, including groans, 
nasal fans, three depressions, and shortness of 
breath. Of these, the earliest is exhalatory moan-
ing, and frequent respiratory arrest is the symp-
tom of aggravation. Laboratory tests such as the 
foam test, suction failure, and chest X-ray can 
confirm the diagnosis5.
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At present, many studies6,7 have shown that the 
prevention and treatment of RDS by exogenous 
PS can substantially reduce the morbidity and 
mortality of children. To date, it has become a 
consensus that pulmonary surfactant can be used 
for the clinical treatment of RDS8. In addition 
to the clinical confirmation of the therapeutic 
effect of PS, abundant data9 have indicated that 
oxidation and peroxide have important effects 
on the emergence and further changes of RDS, 
and antioxidant treatment and reduction of ox-
idation can improve the process and prognosis 
of RDS. Studies10 have revealed that RDS pa-
tients have reduced blood resistance to reactive 
oxygen species. Excessive oxygen free radicals 
react with unsaturated fatty acids to form lipid 
peroxides, resulting in cell damage, apoptosis, 
DNA damage, protein damage, etc. Studies11 have 
also found that the concentration of oxygen free 
radicals (xanthine and hypoxanthine) in the plas-
ma of RDS patients is much higher than that of 
normal controls. Therefore, enhancing antiox-
idant defense may be a treatment for RDS. In 
neonatal medicine, studies12 have shown that lipid 
peroxidation in the blood of premature infants 
and neonates with hypoxic ischemic encephalop-
athy (HIE) has achieved good effects by treating 
RDS and HIE with the antioxidant preparation 
ambroxol hydrochloride (AH).

AH, as a mucolytic agent, has a half-life of 
approximately 4-5 h and a stable blood concen-
tration of approximately 24 h after medication13. 
Small-dose AH is utilized in the treatment of 
chronic obstructive pulmonary disease (COPD) 
and prevention and treatment of postoperative 
complications of the lung, with ideal application 
performance14. AH can promote the development 
of alveolar type II epithelial cells, thereby in-
creasing PS content and reducing the occurrence 
and mortality of RDS in premature infants15. 
The mechanism of AH may be as follows16-18: i. 
improving the activity of phospholipthalincho-
line cytoplastase, promoting the synthesis and 
secretion of PS in alveoli; ii. part of PS can be 
catabolized by macrophages, and the specificity 
of AH can hinder the activity of phospholipase 
A in macrophages; iii. promoting the production 
of phosphophthalide in PS, reducing the time of 
mechanical ventilation, and reducing the inci-
dence of RDS complications; iv. it can reduce the 
prevalence of sepsis and can resist oxidation and 
inflammation. In recent years, many studies19,20 
have suggested that the application of AH in large 
doses has a good antioxidant effect, which can 

remove oxygen free radicals, inhibit the secretion 
of peroxide, increase antioxidant capacity, protect 
the enzymatic scavenging function of oxygen 
free radicals, and help patients recover respira-
tory function. Clinical studies21 have found that 
a large dose of AH can enhance serum SOD 
activity and improve the blood gas index and 
lung injury score. Moreover, with the progress of 
treatment, the activity of SOD in blood increased 
gradually, suggesting that the application of AH 
can substantially improve the activity of SOD in 
the serum of ARDS patients, but it may need a 
certain course of treatment22.

In the field of medicine, microdrug injection and 
delivery need to accurately control the release rate 
of drugs to achieve microinfusion and continuous 
infusion of reagents23. Microfluidic systems have 
the advantages of small relative volume, low sys-
tem energy consumption, and fast response speed, 
and they have been widely used and have good 
application prospects24. At present, many nonme-
chanical micropumps are utilized in the driving 
components of microflow systems. However, since 
magnetic and electric fields directly act on the 
fluid, they can only pump the solution of specified 
components, and their biocompatibility is poor. 
The micro pump has the advantages of a simple 
structure, small size, large driving force, and no 
electromagnetic interference and is widely used 
in the driving components of micro flow systems. 
The flow sensor is connected with the electro-hy-
draulic pump in series, and the closed-loop control 
system of the electro-hydraulic pump is estab-
lished, which can improve the control accuracy, 
expand the application range, and actively partici-
pate in the precise control of the output reagent of 
the electro-hydraulic pump.

In this work, 56 premature infants at 28 to 34 
weeks were selected as the research objects. In-
travenous infusion of AH with micro pump was 
used to treat premature infants with RDS, and the 
therapeutic effects of intravenous infusion of AH 
with micro pump and aerosol inhalation of AH 
were analyzed and compared. The therapeutic 
effect was evaluated by comparing the data after 
treatment, providing a valuable reference for its 
clinical application.

Patients and Methods

Research Objects
The retrospective analysis study subjects were 

56 premature infants at 28-34 weeks who were 
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hospitalized in the neonatology Department of 
Nanjing Jiangbei Hospital from January to July 
2021. According to the treatment methods, they 
were randomly rolled into two groups, with 28 
cases in each group. For the experimental group, 
AH was intravenously injected with a micro-
pump. For the control group, aerosol inhalation 
AH was adopted. 

Inclusion criteria: the patient was singleton 
pregnancy; 28 weeks < gestational age < 34 
weeks; the patient had typical clinical manifes-
tations and was confirmed by chest X-ray exam-
ination, and the oxygen concentration during me-
chanical ventilation was < 60%; the patient had 
no serious complications. The exclusion criteria 
were as follows: intrauterine infection, septice-
mia, congenital malformation, and other serious 
diseases during pregnancy and a history of alco-
holism and smoking.

The parents of the patients included in the 
work signed informed consent forms, and the 
process was approved by the Ethics Committee 
of Nanjing Jiangbei Hospital (Approval Number: 
2022011).

Principle of Static Injection of 
the Micropump

Too much or too little intravenous infusion 
makes it difficult to achieve the desired goal 
and even threatens the life of patients. At pres-
ent, infusion pumps are usually used in clinical 
transfusion, which can accurately control in-
fusion speed so that drugs can be accurately, 
uniformly, and safely input into the patient’s 
body and improve the accuracy and safety of in-
fusion. The infusion pump is usually composed 

of a mechanical system and a microelectronic 
system, which can control the infusion speed by 
squeezing the infusion tube26. Using SN-2000 
V (Shenzhen, China) can communicate with the 
infusion pump through the RS232 interface to 
control the infusion pump and read the infusion 
data. The communication process with the sen-
sor is shown in Figure 1.

The control software is the core of the sys-
tem. The upper computer software employed in 
this work is developed and run on the Windows 
system using C++, which makes full use of the 
intuitive and friendly interface characteristics 
of Windows. The upper computer used is to 
transform the flow sensor and driving power 
supply according to the parameters set by the 
user (such as sensor sampling frequency and 
other information), while receiving the data 
from the sensor, and using the PID (proportion-
al integral derivative) algorithm in the upper 
computer to control the work of the voltage 
pump according to the feedback data. The 
functions realized by the upper computer are 
shown in Figure 2.

PID-Based Control Algorithm
The PID control system block diagram is 

shown in Figure 3. The system is composed of a 
PID controller and a controlled object.

PID control is a linear control, which con-
stitutes control deviation error(k) according to 
the given rin(k) and the actual detection value 
yout(k), as shown in Equation (1).

error(k)=rin(t)-yout(k)
(1)

Figure 1. Flow sensor and upper computer communication flow.
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The deviation error(k) is linearly combined in-
to the control quantity u(k) of the system through 
proportion, several rings, and differentiation, as 
expressed in Equation (2).

(2)

Alternatively, it can be expressed as a transfer 
function as follows:

(3)

Dq represents the scaling coefficient, Si is the 
integral time constant, and SI is the differential 
time constant.

Figure 2. Function diagram of the upper machine position.

Figure 3. PID control system.
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PID control of each calibration link has the 
following functions:
1. Proportional link: the error signal error(k) of the 

control system is reflected proportionally. When 
the error signal appears, the control system runs 
immediately, thus reducing the system deviation.

2. Integration: this eliminates static differences. 
The smaller the integral time constant Si, the 
stronger the integral effect, and the weaker the 
integral effect.

3. Differential link reflects the signal change, 
and before the signal change is too large, the 
correction signal is introduced to speed up 
the system operation and shorten the system 
adjustment time.

A reasonable sampling period for a rotary 
digital control system is imperative but will be 
affected by many aspects. If the selected sam-
pling frequency φ = 2π/s is greater than twice the 
maximum frequency ω max, the sampled signal 
can reproduce the original continuous signal. In 
practice, S ≤ 2π/(30φo) can be obtained when the 
sampling frequency is set to more than 30 times 

the response of the control system, where φo is the 
cutoff rate of the open-loop frequency character-
istic of the system.

Increasing the proportional coefficient Dq can 
speed up the operation of the system, but if Dq is 
too large, the number of system oscillations will 
increase, resulting in a prolonged adjustment 
time. When Dq is too large, the system cannot 
perform normal adjustment functions. When 
the system is stable, increasing Dq can reduce 
the error but cannot eliminate it completely. The 
integration link is usually combined with the 
proportion link or differential link to form PD 
(proportional derivative) or PID control to play 
a regulating role. Increasing the integral coeffi-
cient Si in the control system will increase the 
number of oscillations of the system and then 
lead to the instability, and vice versa. The differ-
ential effect can predict the variation direction 
of error(k) and eliminate the error before it is 
formed. Therefore, the dynamic performance of 
the system can be improved. The algorithm em-
ployed by the system is shown in Figure 4. First, 
Qt, the target traffic set by the user, is received. 

Figure 4. PID algorithm control flowchart.
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At the beginning, the driving frequency of the 
piezoelectric pump is set to the upper frequency 
limit, and the flow value Q feedback from the 
flow sensor is received. Then, the deviation E is 
calculated, and the proportion, integral, and dif-
ferential part of the response in PID is calculated 
according to the deviation.

Closed-Loop Control Experiment
1. Piezoelectricity pump open-loop experiment. 

During the experiment, the working frequency 
of the piezoelectric pump is set as 50 Hz, the 
driving power is 100 V, and the flow rate is 
recorded after stable operation.

2. Closed-loop control experiment without pul-
sation elimination. Based on an open loop, a 
thermal flow sensor is added at the outlet of the 
piezoelectric pump to form a closed-loop con-
trol system. The output flow of the piezoelec-
tric pump is controlled by the PID algorithm, 
and the target flow rate is set at 700 μL/min. 
Because the data collected by the flow sensor 
fluctuate greatly, the flow values collected in 
multiple sampling periods are processed by 
mean filtering.

3. Closed-loop control experiment based on pul-
sation elimination. A fluid filter and flow sensor 
are added to the back end of the piezoelectric 
pump to form a closed-loop system. The PID 
algorithm is employed to control the output 
flow of the pump, and the target flow rate is set 
at 700 μL/min.

Therapeutic Methods
Children in the control group received AH at-

omization inhalation by conventional continuous 
positive airway pressure ventilation, mask, or 
nasal catheter oxygen inhalation. Children with 
severe breathing were treated with endotracheal 
intubation, and ventilators were used to maintain 
the effect of respiration. The children needed to 
be kept warm. The children were placed in a ther-
mal box with an appropriate temperature to main-
tain the appropriate skin humidity (55-65%) and 
keep the skin temperature at 36.5-37°C. If nec-
essary, anti-infection treatment, hypoglycemia 
correction, and acidosis treatment were given. 
The treatments of the experimental group were 
the same as those of the control group except for 
intravenous infusion of AH with a micropump. 
After dilution of 30 mg/(kg·d) AH with 20 mL 
5% glucose solution, the patients were treated by 
intravenous infusion with a micropump 4 times 
per day.

Evaluation Methods
1. Serum cytology: 2 mL of arterial heparin so-

dium anticoagulant blood was extracted at the 
same time before treatment, 5 days after treat-
ment, and 7 days after treatment for blood gas 
analysis. 4 mL of venous blood was collected, 
and ELISA kits were from by Beijing Jinmei 
Bioengineering Co., Ltd. The concentrations 
of cytokines in serum, including interleukin 
(IL)-1β, IL-6, IL-8, tumor necrosis factor 
alpha (TNF-α), GM-CSF (granulocyte mac-
rophage colony stimulating factor), and IL-10, 
were measured by double-antibody sandwich 
ELISA.

2. 8-iso PGF2α detection: the collection time 
was the same as above. 1 mL of venous blood 
was collected and placed at room tempera-
ture for approximately 2 hours, followed by 
centrifugation (3,000 r/min) for 10 minutes. 
The supernatant was placed in the EP (ep-
pendorf) tube, and all blood samples were 
stored in the refrigerator at -80°C until 8-iso 
PGF2α was determined by ELISA in the 
same batch.

3. Blood gas analysis: PaCO2, PaO2, and other 
blood gas indexes were compared between the 
two groups at different periods after treatment.

4. Others: the oxygen inhalation time, respira-
tory distress relief time, and length of stay 
were compared and analyzed between the two 
groups.

After treatment, if the symptoms of the new-
born disappeared and the newborn could be dis-
charged, the effect was classified as significant. If 
the symptoms of the newborn were relieved after 
treatment and it was necessary to stay in the hos-
pital for observation, it was classified as effective. 
If the symptoms of the newborn did not change 
after treatment and leisure became more serious, 
it was classified as invalid.

Statistical Analysis
SPSS 22.0 (IBM Corp., Armonk, NY, USA) 

was employed for analysis. Measurement data 
were indicated as the mean ± standard deviation 
(x– ± s). Independent sample t-test was adopted for 
comparison between the two groups. One-way 
ANOVA was adopted for comparison of means 
among multiple groups, and the Q test was used 
for comparison of means between groups. p < 
0.05 suggested a statistically significant differ-
ence.
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Results

Experimental Results of the 
Micropump Control System

With increasing back pressure, the output flow 
of the piezoelectric pump also decreased (Figure 5).

With increasing back pressure, the output flow 
of the piezoelectric pump also decreased. Exper-
imentally obtained flow rates were measured by 
an electronic balance at different back pressures. 

The experimental results deviated greatly from 
the target flow rate of 700 μL/min (Figure 6).

Due to the closed-loop control, the flow rate 
measured by different back pressure electronic 
balances was 700 μL/min, and the error was 
within 30 μL/min. After the addition of the fluid 
filter, the flow sensor can improve the accuracy of 
flow rate detection of the piezoelectric pump and 
improve the closed-loop control accuracy of the 
piezoelectric pump (Figure 7).

Figure 6. Experimental results of closed-loop control without pulsation.

Figure 5. Results of the pressure pump open-loop experiment.
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Results of Serum Cytology
Serum test results showed that there was no 

considerable difference in cytokine levels be-
tween groups before treatment (p > 0.05). After 
five days of treatment, serum IL-1β, IL-6, IL-
8, TNF-α, GM-CSF, and IL-10 were changed 
to varying degrees, but the differences were 
not substantial (p > 0.05). After seven days of 
treatment, serum IL-1β, IL-6, IL-8, TNF-α, GM-
CSF, and IL-10 in the experimental group were 
1,037.98 ± 19.64 pg/mL, 368.47 ± 84.29 pg/mL, 
692.42 ± 27.92 pg/mL, 129.53 ± 28.52 pg/mL, 
254.86 ± 11.4 pg/mL, and 543.73 ± 38.13 pg/mL, 
respectively; while those in the control group 
were 1,048.17 ± 19.35 pg/mL, 425.36 ± 88.22 pg/
mL, 713.48 ± 25.25 pg/mL, 141.88 ± 26.84 pg/
mL, 262.92 ± 12.5 pg/mL, and 529.14 ± 38.22 pg/
mL, respectively. The serum levels of IL-1β, IL-
6, IL-8, TNF-α, and GM-CSF in the experimen-
tal group were notably increased, while the levels 
of IL-10 were decreased (p < 0.05, Figure 8).

After five days of treatment, the level of se-
rum 8-iso PGP2α in the experimental group was 
212.66 ± 62.83, which was lower than that in 
the control group (220.45 ± 58.96) but without 
a great difference (p > 0.05). After seven days 
of treatment, the serum 8-iso PGP2α level in the 
experimental group was 166.32 ± 49.52, which 
was greatly inferior to that in the control group 
(183.32 ± 52.54) (p < 0.05, Figure 9).

Blood Gas Analysis Results
Before treatment, blood gas analysis showed 

little difference between groups, p > 0.05. Five 
days and seven days after treatment, blood gas 
analysis results of the two groups showed that all 
data showed an upward trend to varying degrees, 
and the difference was remarkable (p < 0.05). In 
the experimental group, PaO2, SaO2, and PaO2/
FiO2 were 95.88 ± 12.82 mmHg, 95.86 ± 2.27%, 
and 346.81 ± 51.93 mmHg, respectively, after 
seven days of treatment. Compared with 88.21 ± 
12.82 mmHg, 93.18 ± 3.13%, and 266.83 ± 48.09 
mmHg in the control group, the recovery range 
of the experimental group was more prominent, 
showing a better recovery and a considerable 
difference (p < 0.05, Figure 10).

Analysis of Treatment Results
The duration of oxygen inhalation, respirato-

ry distress relief, and length of stay were 95.12 
± 12.53 h, 4.4 ± 0.6 d, and 19.84 ± 2.8 d in the 
experimental group and 145.92 ± 13.85 h, 6.9 
± 0.9 d, and 28.42 ± 3.7 d in the control group, 
respectively. It suggested that the methods in the 
experimental group greatly shortened the treat-
ment period of patient (p < 0.05, Figure 11).

In the experimental group, a significant treat-
ment effect accounted for 53.60%, a general ef-
fect accounted for 39.30%, and an invalid effect 
accounted for 7.10%. In the control group, sig-

Figure 7. Experimental results of closed-loop control based on pulsation elimination.
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Figure 8. Results of cytokine level detection. (*compared with before treatment, p < 0.05; #compared with control group, p 
< 0.05).
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nificant treatment effect accounted for 28.60%, 
general effect accounted for 46.40%, and invalid 
accounted for 25%. The treatment effect of the 
experimental group was obviously better (p < 
0.05, Figure 12).

Discussion

The high-precision, continuous, and stable sup-
ply of biological reagents is an indispensable ex-
perimental means in the fields of life science and 
drug development. With the progress of science 
and technology, there are higher requirements for 
continuous fluid transportation27. In this work, 
an SN-2000 V infusion pump was applied, and 
the system was composed of a PID controller 
and a controlled object. The experimental results 

Figure 9. Results of serum 8-iso PGP2α level detection 
(*compared with control group, p < 0.05).

Figure 10. Blood gas analysis results (*compared with before treatment, p < 0.05; #compared with control group, p < 0.05).
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showed that due to the closed-loop control, the 
flow rate measured by different back pressure 
electronic balances was 700 μL/min, and the 
error was within 30 μL/min. After the addition 
of the fluid filter, the flow sensor can improve 
the accuracy of the flow rate detection of the 

piezoelectric pump and improve the closed-loop 
control accuracy of the piezoelectric pump. The 
system employed the PID algorithm to realize 
high-precision control of hydraulic pump flow.

To explore the therapeutic effect of micropump 
AH infusion on RDS in premature infants, 58 

Figure 11. Results of treatment analysis (*compared with control group, p < 0.05).

Figure 12. Evaluation of therapeutic effect (*compared with control group, p < 0.05).
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premature infants with RDS were selected for 
the experiment. When RDS is metabolized in 
the body, it cannot reduce oxygen to water with 
enough electrons under hypoxic conditions, and 
free radicals increase and accumulate, producing 
excessive free radicals. Free radicals react with 
various cellular components to cause cellular 
structural damage and functional metabolic dis-
orders, among which lipid peroxidation causes 
the most obvious damage. Studies28 have proven 
that patients with diseases of the respiratory sys-
tem, cardiovascular system, and nervous system 
have the pathological process of ischemia-reper-
fusion, resulting in an increase in oxygen free 
radicals and lipid peroxidation. Thus, there is an 
increase in 8-iso PGF2α levels, and the level of 
8-iso PGF2α is positively correlated with the se-
verity of the disease29. The results showed that af-
ter five days of treatment, the level of serum 8-iso 
PGP2α in the experimental group was 212.66 ± 
62.83, which was inferior to that in the control 
group (220.45 ± 58.96), but the difference was not 
notable, p > 0.05. After seven days of treatment, 
the serum 8-iso PGP2α level in the experimental 
group was 166.32 ± 49.52, which was greatly low-
er than that in the control group (183.32 ± 52.54) 
(p < 0.05). These results suggested that intrave-
nous infusion of AH via micropump can reduce 
lipid peroxidation damage in premature infants 
and play a good adjuvant role in RDS children.

Recently, it was found30 that the balance be-
tween cytokines, especially proinflammatory 
factors and anti-inflammatory factors, plays a 
crucial role in the occurrence and development 
of RDS. After seven days of treatment, serum 
IL-1β, IL-6, IL-8, TNF-α, GM-CSF, and IL-10 
in the experimental group were 1,037.98 ± 19.64 
pg/mL, 368.47 ± 84.29 pg/mL, 692.42 ± 27.92 
pg/mL, 129.53 ± 28.52 pg/mL, 254.86 ± 11.4 pg/
mL, and 543.73 ± 38.13 pg/mL, respectively. The 
levels in the control group were 1,048.17 ± 19.35 
pg/mL, 425.36 ± 88.22 pg/mL, 713.48 ± 25.25 
pg/mL, 141.88 ± 26.84 pg/mL, 262.92 ± 12.5 
pg/mL, and 529.14 ± 38.22 pg/mL, respectively. 
The serum levels of IL-1β, IL-6, IL-8, TNF-α, 
and GM-CSF in the experimental group were 
notably increased, while the levels of IL-10 were 
decreased (p < 0.05). Elfarargy et al31 suggested 
that reducing the concentration of proinflamma-
tory cytokines can alleviate excessive and uncon-
trolled inflammatory responses in patients with 
RDS to a certain extent and reduce tissue and or-
gan damage, which is conducive to the treatment 
of RDS. Blood gas analysis results of the two 

groups showed little difference and no statistical 
significance (p > 0.05), indicating comparability. 
Five and seven days after treatment, blood gas 
analysis results of the two groups showed that all 
data showed an upward trend to varying degrees, 
and the difference was dramatic (p < 0.05). In 
the experimental group, PaO2, SaO2, and PaO2/
FiO2 were 95.88 ± 12.82 mmHg, 95.86 ± 2.27%, 
and 346.81 ± 51.93 mmHg, respectively, after 
seven days of treatment. Compared with 88.21 ± 
12.82 mmHg, 93.18 ± 3.13%, and 266.83 ± 48.09 
mmHg in the control group, the recovery range 
of the experimental group was more prominent, 
and the recovery was better, with considerable 
differences (p < 0.05). It also indicated that AH 
treatment by micropump can effectively improve 
the oxygenation index and antioxidant capacity 
of children.

Finally, a summary of the treatment showed 
that the duration of oxygen inhalation, respira-
tory distress relief, and hospital stay were 95.12 
± 12.53 h, 4.4 ± 0.6 d, and 19.84 ± 2.8 d in the 
experimental group and 145.92 ± 13.85 h, 6.9 ± 
0.9 d, and 28.42 ± 3.7 d in the control group, re-
spectively. Compared with the control group, the 
treatment time of the experimental group was no-
tably shortened. In the experimental group, a sig-
nificant treatment effect accounted for 53.60%, 
a general effect accounted for 39.30%, and an 
invalid effect accounted for 7.10%. In the control 
group, significant treatment effect accounted for 
28.60%, general effect accounted for 46.40%, and 
invalid accounted for 25%. The treatment effect 
in the experimental group was obviously better 
(p < 0.05). The results showed that micropump 
infusion of AH was more beneficial to the recov-
ery of RDS than conventional aerosol inhalation 
of AH.

Conclusions

At present, most patients with RDS are treated 
by intravenous infusion or atomized inhalation 
of AH in clinical practice, and there are few 
literature reports on the use of micropump in-
fusion for RDS. To study its improvement effect 
in treatment, AH infusion with a micropump 
was applied to treat children with RDS, and its 
effect was compared with conventional atomiza-
tion therapy. The results showed that micropump 
infusion of AH in the treatment of premature 
RDS patients was more conducive to the play 
of drug efficacy, which can alleviate the clinical 
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symptoms of RDS children, improve their blood 
gas indicators, slow down and repair the damage 
of alveolar epithelial cell lipids in RDS children, 
and thus improve the therapeutic effect. It has an 
important influence on improving the symptoms 
of children and restoring normal lung function 
and can be used for the clinical treatment of pre-
mature RDS. However, due to the limitation of 
conditions, the sample size is small, and some re-
sults have some errors, which need further study 
and confirmation.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
We would like to thank Nanjing Jiangbei Hospital for sup-
port.

Informed Consent
The parents of the patients included in the work signed in-
formed consent forms.

Ethics Approval
The process was approved by the Ethics Committee of Nan-
jing Jiangbei Hospital (Approval Number: 2022011).

ORCID ID
Jun Li: 0000-0002-3852-2256.

Funding
None.

Authors’ Contribution
J.-S. Xu was responsible for manuscript writing, patient in-
formation collection and quality control. B.-H. Li was re-
sponsible for the overall planning of the study. J. Li was re-
sponsible for the final editing. Y.-Q. Xu is responsible for 
language polishing. Y. Lin was responsible for statistical 
analysis.

Data Availability
The data used to support the findings of this study are avail-
able from the corresponding author upon request.

References

  1)  Oktem A, Yigit S, Oğuz B, Celik T, Haliloğlu M, 
Yurdakok M. Accuracy of lung ultrasonography in 
the diagnosis of respiratory distress syndrome in 
newborns. J Matern Fetal Neonatal Med 2021; 34: 
281-286.

  2)  McPherson C, Wambach JA. Prevention and Treat-
ment of Respiratory Distress Syndrome in Preterm 
Neonates. Neonatal Netw 2018; 37: 169-177.

  3)  Dyer  J.  Neonatal  Respiratory Distress  Syndrome: 
Tackling A Worldwide Problem. P T 2019; 44: 12-14.

  4)  Fan E, Brodie D, Slutsky AS. Acute Respiratory 
Distress Syndrome: Advances  in Diagnosis  and 
Treatment. JAMA 2018; 319: 698-710.

  5)  Reiss  LK,  Schuppert  A,  Uhlig  S.  Inflammatory 
processes during acute respiratory distress syn-
drome:  a  complex  system.  Curr  Opin  Crit  Care 
2018; 24: 1-9.

  6)  Sinha  P,  Calfee  CS,  Beitler  JR,  Soni  N,  Ho  K, 
Matthay MA, Kallet RH. Physiologic Analysis and 
Clinical  Performance  of  the  Ventilatory  Ratio  in 
Acute Respiratory Distress Syndrome. Am J Re-
spir Crit Care Med 2019; 199: 333-341.

  7)  Perri  A, Riccardi R,  Iannotta R, Di Molfetta DV, 
Arena R, Vento G, Zecca E. Lung ultrasonogra-
phy score versus chest X-ray score to predict sur-
factant administration in newborns with respirato-
ry distress syndrome. Pediatr Pulmonol 2018; 53: 
1231-1236.

  8)  Cattel F, Giordano S, Bertiond C, Lupia T, Corci-
one S, Scaldaferri M, Angelone L, De Rosa FG. 
Use of exogenous pulmonary surfactant in acute 
respiratory  distress  syndrome  (ARDS):  Role  in 
SARS-CoV-2-related  lung  injury.  Respir  Physiol 
Neurobiol 2021; 288: 103645.

  9)  Hamid  E,  Ali  WH,  Azmy  A,  Ahmed  HH,  Sher-
if  LS,  Saleh MT. Oxidative Stress  and Anti-Oxi-
dant Markers  in Premature  Infants with Respira-
tory Distress Syndrome. Open Access Maced J 
Med Sci 2019; 7: 2858-2863.

10)  Zuo L, Wijegunawardana D. Redox Role of ROS 
and  Inflammation  in  Pulmonary  Diseases.  Adv 
Exp Med Biol 2021; 1304: 187-204.

11)  Erol N, Saglam L, Saglam YS, Erol HS, Altun S, 
Aktas MS, Halici MB. The Protection Potential of 
Antioxidant  Vitamins  Against  Acute  Respirato-
ry Distress Syndrome:  a Rat  Trial.  Inflammation 
2019; 42: 1585-1594.

12)  Xiang J, Wang P. Efficacy of pulmonary surfactant 
combined with high-dose ambroxol hydrochloride 
in  the  treatment  of  neonatal  respiratory  distress 
syndrome. Exp Ther Med 2019; 18: 654-658.

13)  Ollier C, Sent U, Mesquita M, Michel MC. Phar-
macokinetics  of  Ambroxol  Sustained  Release 
(Mucosolvan® Retard) Compared with Other For-
mulations in Healthy Volunteers. Pulm Ther 2020; 
6: 119-130.

14) Xie J, Qin YY, Wang M, Wu D, Zhong LL, Zhang L. 
Effects  of Ambroxol Hydrochloride on Lung Tis-
sue Cell Apoptosis and Vascular Remodeling  in 
Rats  with  Smoke  Induced  Chronic  Obstructive 
Pulmonary  Disease.  Indian  J  Pharm  Sci  2021; 
83: 595-602.

15)  Li Z. The effect of adjuvant therapy with ambrox-
ol hydrochloride in elderly chronic obstructive pul-
monary disease patients. Am J Transl Res 2021; 
13: 9285-9295.



J.-S. Xu, B.-H. Li, Y.-Q. Xu, J. Li, Y. Lin

5118

16)  Hull  JD, Lyon RA.  In vitro pharmacology of am-
broxol: Potential serotonergic sites of action. Life 
Sci 2018; 197: 67-72.

17)  Xiang  J, Wang P. Efficacy  of  pulmonary  surfac-
tant  combined  with  high-dose  ambroxol  hydro-
chloride  in  the  treatment of  neonatal  respiratory 
distress syndrome. Exp Ther Med 2019; 18: 654-
658.

18)  Cazan D,  Klimek  L,  Sperl  A,  Plomer M,  Kölsch 
S. Safety of ambroxol  in  the  treatment of airway 
diseases in adult patients. Expert Opin Drug Saf 
2018; 17: 1211-1224.

19)  Yu F, Li C, Liu M, Shen T, Liu C. Aerosol inhala-
tion of ambroxol hydrochloride combined with ter-
butaline can promote recovery of children with se-
vere pneumonia. Am J Transl Res 2021; 13: 5019-
5026.

20)  Liu H, Wang W, Gao X. Comparison of the effica-
cy of ambroxol hydrochloride and N -acetylcyste-
ine in the treatment of children with bronchopneu-
monia and their influence on prognosis. Exp Ther 
Med 2020; 20: 130.

21)  Tang H, Yuan Z, Li J, Wang Q, Fan W. The appli-
cation of ambroxol hydrochloride combined with 
fiberoptic  bronchoscopy  in  elderly  patients  with 
severe  pneumonia:  A  meta-analysis  and  sys-
tematic  review.  Medicine  (Baltimore)  2022;  101: 
e28535.

22)  Kumar  P.  Co-aerosolized  Pulmonary  Surfactant 
and Ambroxol  for COVID-19 ARDS  Intervention: 
What Are We Waiting  for. Front Bioeng Biotech-
nol 2020; 8: 577172.

23)  Azarmanesh M, Dejam M, Azizian P, Yesiloz G, 
Mohamad AA, Sanati-Nezhad A. Passive micro-
injection  within  high-throughput microfluidics  for 
controlled actuation of droplets and cells. Sci Rep 
2019; 9: 6723.

24)  Azarmanesh M, Dejam M, Azizian P, Yesiloz G, 
Mohamad AA, Sanati-Nezhad A. Passive micro-

injection  within  high-throughput microfluidics  for 
controlled actuation of droplets and cells. Sci Rep 
2019; 9: 6723.

25)  Guan CB, Shen Y, Yao ZP, Wang ZL, Zhang MJ, 
Nan  K,  Hui  H.  Design,  Simulation,  and  Experi-
ment of an LTCC-Based Xenon Micro Flow Con-
trol  Device  for  an  Electric  Propulsion  System. 
Processes 2019; 7: 862.

26)  Soenksen  LR,  Kassis  T,  Noh  M,  Griffith  LG, 
Trumper  DL.  Closed-loop  feedback  control  for 
microfluidic systems through automated capaci-
tive fluid height sensing. Lab Chip 2018; 18: 902-
914.

27)  Damiati  S,  Kompella  UB,  Damiati  SA,  Kodzius 
R.  Microfluidic  Devices  for  Drug  Delivery  Sys-
tems and Drug Screening. Genes (Basel) 2018; 
9: 103.

28)  Elkabany ZA, El-Farrash RA, Shinkar DM, Ismail 
EA, Nada AS,  Farag AS,  Elsayed MA,  Salama 
DH, Macken EL, Gaballah SA. Oxidative stress 
markers  in  neonatal  respiratory  distress  syn-
drome: advanced oxidation protein products and 
8-hydroxy-2-deoxyguanosine  in  relation  to  dis-
ease severity. Pediatr Res 2020; 87: 74-80.

29)  Ferrante G, Carota G, Li Volti G, Giuffrè M. Bio-
markers  of Oxidative  Stress  for  Neonatal  Lung 
Disease. Front Pediatr 2021; 9: 618867.

30)  Subramaniam MD, Venkatesan D,  Iyer M, Sub-
barayan  S,  Govindasami  V,  Roy  A,  Narayana-
samy A, Kamalakannan S, Gopalakrishnan AV, 
Thangarasu  R,  Kumar  NS,  Vellingiri  B.  Biosur-
factants and anti-inflammatory activity: A poten-
tial new approach towards COVID-19. Curr Opin 
Environ Sci Health 2020; 17: 72-81.

31)  Elfarargy  MS,  Al-Ashmawy  GM,  Abu-Risha  S, 
Khattab  H.  Novel  Adjuvant  Therapy  with  Zinc 
Supplementation  in  Neonatal  Respiratory  Dis-
tress Syndrome. Endocr Metab  Immune Disord 
Drug Targets 2021; 21: 2253-2259.


