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Continuous positive pressure ventilation combined
with pulmonary surfactant in the treatment of
neonatal respiratory distress syndrome
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Yanping Zhang?, Xiaohui Guo*, Min Cui®

ABSTRACT

Objective: To analyze the clinical effect of nasal continuous positive airway pressure (CPAP) combined
with pulmonary surfactant in the treatment of neonatal respiratory distress syndrome (NRDS).

Methods: Eighty-two NRDS patients who received treatment from August 2017 to June 2019 in our hospital
were selected and divided into a control group and an observation group using random number table,
41 in each group. The control group was treated with CPAP, and the observation group was treated
with pulmonary surfactant injection besides CPAP. The therapeutic effect, blood gas index, mechanical
ventilation parameters and occurrence of complications were compared between the two groups.
Results: The total response rate of the observation group was 90.24%, which was significantly higher than
70.73% of the control group, and the difference had statistical significance (P<0.05). After treatment, the
improvement of blood gas indexes of the observation group was better than that of the control group. The
hospitalization time and duration of oxygen treatment of the observation group were shorter than those of
the control group, and the hospitalization cost was higher than the control group (P<0.05). The difference
of incidence of complications between the two groups was statistically significant (P<0.05).

Conclusion: Endotracheal injection of pulmonary surfactant combined with CPAP in the treatment of
NRDS can enhance the efficacy, promote the recovery of blood gas index, and reduce the parameters of
mechanical ventilation and the incidence of complications, which is conducive to improving the respiratory
function of the newborn. The therapy is worth application in the treatment of NRDS patients.
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age, the higher the incidence; the smaller the
weight and the higher the mortality.* A local study
has also pointed out that the hospital mortality
rate of NRDS children was as high as 10%-20%.°
At present, NRDS is mainly treated by nasal
continuous positive airway pressure (CPAP)
ventilation on the basis of supportive treatment,
in order to improve children’s hypoxia symptom.®
However, mechanical ventilation treatment,
due to its high technical requirements, is easy to
induce complications and affect the prognosis
and rehabilitation.” In recent years, it has been
pointed out that combining pulmonary surfactant
with CPAP can further improve the ventilation
status of NRDS children and improve the clinical
treatment effect.® In this study, 82 NRDS patients
who were admitted to our hospital from August
2017 to June 2019 were taken as the study subjects
and treated by CPAP and pulmonary surfactant
combined with CPAP respectively to analyze the
treatment effect and safety of CPAP combined
with pulmonary surfactant in the treatment of
NRDS, with the intention of providing a reference
for the clinical treatment of NRDS.

METHODS

General data: Eighty-two NRDS patients who
were admitted to our hospital from August 2017
to June 2019, 82 were selected. The inclusive
criteria included meeting the relevant diagnostic
criteria of NRDS in Practical Neonatology,’
having not receiving glucocorticoid treatment
before delivery, and being transferred to
intensive care unit within 12 hours after birth.
Exclusive criteria included preterm infants who
were suspected of pulmonary dysplasia, had
congenital metabolic diseases, chromosomal
abnormalities, congenital cardiopulmonary
malformations, and severe anemia, had severe
intravascular hemolysis shown by prenatal
ultrasound, and had severe dyspnea at birth.
The children were divided into a control group
and an observation group, 41 in each group. In
the control group, there were 21 males and 20
females, with a gestational age of 28-35 weeks
(average (30.77+2.82) weeks) and a birth weight
of 1630-2210 g (average (1941.72+43.46) g). In the
observation group, there were 23 males and 18
females, with a gestational age of 29-36 weeks
(average (31.13+3.01) years) and a birth weight
of 1590-2250 g (average (1947.53+£60.82) g).
There was no significant difference between the
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two groups in general data (P>0.05). The study
was approved by the medical ethics committee
(Dated: 24 October 2019) of the hospital.
Therapeutic method: The control group was
treated by CPAP. The specialized nasal CPAP
equipment was used. The concentration of
oxygen was set as 40% ~ 60%. The gas flow
parameter was set as 6 ~ 8 L/minutes. The
pressure parameter was set as 3~8 cmH,O.
The oxygen inhalation temperature was set as
36.8 ~ 37.3°C. The vital signs of infants were
closely monitored in the process of ventilation.
The treatment such as conventional heat
preservation, nutritional support and liquid
supplement was performed as well. When the
pressure of the CPAP equipment decreased, it
was changed to mechanical ventilation after the
blood oxygen concentration recovered normal.
In addition to CPAP, the observation group was
treated by pulmonary surfactant. The detailed
treatment method is as follows. The breathing
machine was removed. The airway secretion
was cleaned. Poractant alfa injection (240 mg
each one, Standard for registration of imported
drugs: JX20030079) was injected at a dose of
100 mg/g, and it was heated to 37 °C. Then the
infants received tracheal intubation at a supine
position. After it was taken by a sterile needle, it
was slowly injected at the bronchus bifurcation.
Then the silicone tube was pulled out, and the
rubber ball was pressed for two or three minutes.
The drug was given once every twelve hours.
During the treatment, evidence-based nursing
was carried out in the two groups. The specific
operations were as follows.!? The first nursing care
was to strengthen the observation of the disease
condition, pay more attention to the risk factors
of various diseases, and enhance the inspection
of changes of vital signs and oxygenation index
of the children. Secondly, reasonable mechanical
ventilation treatment was performed according to
the doctor’s advice, the lung protection strategy
was strictly followed to keep the children’s
respiratory tract unobstructed, and the airway
management was strengthened. Thirdly, the
preventive nursing interventions of complications
were strengthened; after the operation of sputum
suction and ventilation, combined with drug
sensitivity test, sensitive antibiotics were given;
the respiratory tract of the children was closely
observed.
Observation index:
1. Before and

12 hours after treatment,

www.pjms.org.pk 648



Treatment of neonatal respiratory distress syndrome

Table-I: Clinical efficacy between the two groups (%).

Group Markedly effective Effective Ineffective Total effective rate
Observation group 25(60.97) 12(29.27) 4(9.76) 37(90.24)
Control group 20(48.78) 9(21.95) 12(29.27) 29(70.73)

X2 / / / 5.641

P / / / 0.027

GEMPremier 3000 automatic blood gas analyzer
was used to detect the blood gas indexes of the
two groups.

2. The clinical treatment effect was compared
between the two groups.

3. The treatment indexes were compared
between the two groups. The hospitalization
time, duration of oxygen treatment and
hospitalization time of the two groups were
recorded by the charge nurse and analyzed and
compared.

4. The occurrence of complications of the two
groups was recorded.

Efficacy criteria: The treatment was evaluated
as markedly effective if the clinical symptoms
of the child improved significantly, the blood
gas analysis results showed normal, NCPAP
parameters were downregulated, and the machine
was ready to be removed. The treatment was
considered as effective if the clinical symptoms
improved, the blood gas analysis results were
partially normal after treatment, but the machine
was not removed for further observation. The
treatment was evaluated as ineffective if the
clinical symptoms did not improve or even
aggravated. Total response rate = (number of
markedly effective cases + number of effective
cases)/total number of casesx100%.

Statistical analysis: SPS525.0 was used for data

analysis. The counting data was expressed as [n%]

and processed by X? test. The measurement data

was indicated by meantSD and processed by t
test. The value of P indicated that the difference
had statistical significance.

RESULTS

Comparison of clinical effects between the two
groups: The total response rate of the observation
group was higher than that of the control group,
and the difference was statistically significant
(P<0.05, Table-I).

Comparison of arterial blood gas indexes between
the two groups before and after treatment: No
significant difference was observed in blood gas
analysis between the two groups before treatment
(P>0.05). After treatment, PaO, and pH value of
patients in the observation group were higher
than those in the control group, and PaCO, value
was lower than that in the control group; the
differences were statistically significant (P<0.05,
Table-II).

Comparison of treatment indexes between the two
groups: The hospitalization time and duration of
oxygen treatment of the observation group were
shorter than those of the control group, and the
hospitalization cost was higher than the control
group (P<0.05, Table-III).

Comparison of incidence of adverse reactions
between the two groups: In the observation group,
there was one case of pulmonary air leak and one
case of pulmonary hemorrhage; in the control
group, there were five cases of pulmonary air

Table-1I: Blood gas analysis indexes before and after treatment between the two groups.

Group Time point PaO, (mmHg) PaCO, (mmHg) rH
Before treatment 45.95+0.31 65.42+11.11 7.15+0.10
Observation group
After treatment 76.89+1.52 40.01£0.11* 7.43+0.08*
Before treatment 45.77+0.27 65.90+9.80 7.12+0.09
Control group
After treatment 70.64+1.61° 45.36+0.21° 7.32+0.07°

Note: =: P<0.05 compared with before treatment;

b: P<0.05 compared with the control group 12 h after treatment.
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Table-III: Comparison of treatment indexes.

Duration of oxygen
treatment (h)

Hospitalization cost
(ten thousand yuan)

Group Hospitalization time (d)
Observation group 13.68+1.57
Control group 16.38+2.50

t 2.369

P 0.021

54.68+11.22 2.63+0.21

98.76+13.22 1.32+0.16
1.682 3.627
0.035 0.016

leak, 4 cases of pulmonary hemorrhage and two
cases of chronic lung diseases. The incidence of
complications in the observation group was 4.88%
(2/41), which was significantly lower than that in
the control group (26.83% (11/41)). The difference
was statistically significant (X?=6.373, P<0.05).

DISCUSSION

At present, NRDS is mainly treated by hormone,
positive pressure ventilation, surfactant and
supportive therapy.! The preventive application
of glucocorticoid can promote the maturation of
fetal alveoli and reduce the incidence of NRDS,
but the long-term safety of the application of
glucocorticoid is not clear. Although mechanical
ventilation can improve the neonatal hypoxia
symptoms, airway mucosa is easy to be damaged,
and bacteria will propagate and migrate, which
can cause ventilator-associated pneumonia.
Therefore, CPAP is recommended to children with
NRDS."*B CPAP can prevent children’s infection
and enhance autonomous breathing ability to
increase the residual air volume of lung function
and the diameter of airway. However, if it is used
alone, the recovery of blood gas index will be slow,
which will increase the treatment time.™

In this study, pulmonary surfactant combined
with CPAP was used. Pulmonary surfactant is
mainly secreted by Type-II alveolar epithelial
cells, which can effectively promote the reduction
of surface tension of the lung, prevent further
atrophy of the alveoli, inhibit lung lesions,
and increase lung compliance.’>* Moreover,
pulmonary surfactant can effectively stabilize the
intrapulmonary pressure, reduce the pressure of
pulmonary capillaries, and prevent the liquid
in capillaries from leaking into the lung. PS can
improve the ventilation function of the lung,
relieve the clinical symptoms of children, and
alleviate the pain of children.”” Wang et al. found
that the total effective rate was 94% by treating
50 NRDS children with pulmonary surfactant;'®
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after treatment, the pulmonary function of the
children improved significantly, the parameters of
ventilator decreased significantly, and the degree
of alveolar inflation increased after treatment,
suggesting that the clinical effect of pulmonary
surfactant treatment was significant.

The results of this study showed that the total
effective rate of the treatment in the observation
group was higher than that in the control group,
PaO, and pH value were higher than those in
the control group, and PaCO, value was lower
than that in the control group, suggesting that
the combined treatment could increase the blood
oxygen content of the newborn, improve the
arterial blood gas, and significantly enhance the
clinical efficacy; the results are consistent with the
research conclusions of Siavashi.!”” In addition, the
research results also indicated that the incidence
of complications in the observation group was
significantly lower than that in the control group.
The research report of Mc Pherson et al. suggested
that pulmonary surfactant should be given as
early as possible after birth as it could effectively
reduce lung injury and reduce the incidence of
complications, and it was consistent with the
results of this study.

The pathogenesis of NRDS is the absence
of pulmonary surfactant. The application of
pulmonary surfactant in the observation group
fundamentally corrected the disease condition
and improved the pulmonary ventilation function
and pulmonary compliance. Moreover, surfactant
reduced the surface tension of alveoli, which
avoided the occurrence of alveoli collapse and
thus improved the blood gas index of children.

CONCLUSION

In conclusion, for patients with NRDS, the
treatment of pulmonary surfactant combined
with CPAP has a significant effect. It can enhance
the efficacy, promote the recovery of blood gas
index, and reduce the parameters of mechanical
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ventilation, so as to improve the respiratory
function of the newborn. It is worth applying in
the treatment process in the future.

Declaration of interest: None.

Grant Support & Financial Disclosures: None.

10.

11.

REFERENCES

Tian Q, Wu BQ, Liu XH, Tian RY, Wang ZX, Zhou
YX, et al. Epidemiologic study of neonatal respiratory
distress syndrome in Shenzhen area. ] Appl Clin Pediatr.
2013;28(14):1083-1085.

Liu ]J. Diagnosis and differential diagnosis of transient
tachypnea of newborn and respiratory distress syndrome
using lung wultrasonography. ] Appl Clin Pediatr.
2016;31(14):1046-1048.

El-Malah HEGM, Hany S, Mahmoud MK, Ali AM. Lung
ultrasonography in evaluation of neonatal respiratory
distress syndrome. Egypt ] Radiol Nucl Med. 2015;46(2):469-
474. doi: 10.1016/j.ejrnm.2015.01.005

Li H, Wei H. Clinical research of INSURE technology in the
prevention and treatment of respiratory distress syndrome
of newborn. Chin ] Child Health Care. 2015;23(1):87-90.
doi: 10.11852/ zgetbjzz2015-23-01-28

Dai Y, Wang QW, He S, Zhang Z, Gao C. Correlation of
ECR1 A3650G polymorphism with neonatal respiratory
distress syndrome. Genet Test Mol Bioma. 2015;19(1):18-23.
doi: 10.1089/ gtmb.2014.0192

Kim JN, Shim EJ. Comparison of curosurf(R) versus
surfacten(R) in the treatment of respiratory distress
syndrome. Neonat Med. 2013;20(4):480.

Thomas PE, Leflore J. Extubation success in premature
infants with respiratory distress syndrome treated
with bi-level nasal continuous positive airway pressure
versus nasal intermittent positive pressure ventilation. J
Perinat Neonatal Nurs. 2013;27(4):328-334. doi: 10.1097/
JPN.0b013e3182a983f0

Bahadue FL, Soll R. Early versus delayed selective
surfactant treatment for neonatal respiratory distress
syndrome. Cochrane Database Syst Rev. 2012;11:CD001456
doi: 10.1002/14651858.CD001456.pub2

Rambaud ], Lidouren F, Sage M, Kohlhauer M, Nadeau
M, Fortin-Pellerin E, et al. Hypothermic total liquid
ventilation  after experimental aspiration-associated
acute respiratory distress syndrome. Ann Intensive Care.
2018;8(1):57. doi: 10.1186/s13613-018-0404-8

Xu WZ. Strengthening application of nursing intervention
in COPD combined respiratory failure noninvasive
mechanical ventilation. Int ] Nurs. 2014;33(05):1249-1250.
Hemani R, Narayanan M, Jeffries-Stokes C, Volkman T.
Successful nasal continuous positive airway pressure for
newborn respiratory distress in a regional centre. ] Paediatr
Child Health. 2014;50(1):86. doi: 10.1111/jpc.12446

Pak J Med Sci

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shi Y, Tang S, Zhao ], Shen J. A prospective, randomized,
controlled study of NIPPV versus nCPAP in preterm and
term infants with respiratory distress syndrome. Pediatr
Pulm. 2014;49(7):673-678. doi: 10.1002/ ppul.22883

Xu YF. Pulmonary surfactant combined with CPAP in the
treatment of neonatal respiratory distress syndrome. Clin
Med. 2014;34(4):20-21.

Liu Y. Control study of pulmonary surfactant combined
with CPAP and BIPAP ventilation modes re-spectively
in treatment of neonatal NRDS. ] Hainan Med Univ.
2016;22(8):787-791. doi: 10.13210/j.cnki.jhmu.20160113.005
LinY, Sun XX. The effects of pulmonary surfactant combined
with CPAP on blood gas index of neonatal respiratory
distress syndrome. World Latest Med. 2018;18(25):5-6.

Han S, Mallampalli R. The Role of surfactant in lung
disease and host defense against pulmonary infections.
Ann Am Thorac Soc. 2015;12(5):765-774. doi: 10.1513/
AnnalsATS.201411-507FR

Bae CW, Kim CY, Chung SH, Choi YS. History of
pulmonary surfactant replacement therapy for neonatal
respiratory distress syndrome in Korea. ] Korean Med Sci.
2019;34(25):€175. doi: 10.3346/jkms.2019.34.e175

Wang CF, Chen GM. Application of pulmonary surfactant
in treatment of neonatal respiratory distress syndrome.
Matern Child Health Care China. 2013;28(10):1602-1604.
doi: 10.7620/ zgfybj.j.issn.1001-4411.2013.28.25

Siavashi V, Asadian S, Taheri-Asl M, Babaei H, Keshavarz
S, Bazaei M, Nassiri SM. The Improvement of respiratory
performance after phototherapy-induced EPC mobilization
in preterm infants with RDS. ] Cell Biochem. 2016,118(3):594-
604. doi: 10.1002/jcb.25745

Mc Pherson C, Wambach JA. Prevention and treatment
of respiratory distress syndrome in preterm neonates.
Neonatal Netw. 2018;37(3):169-177. doi: 10.1891/0730-
0832.37.3.169

Authors’ Contribution:

JM & HTX: Study design, data collection and
analysis.

JM, YPZ, XHG & MC: Manuscript preparation,
drafting and revising.

JM: Review and final approval of manuscript.

JM: Responsible and accountable for the accuracy
or integrity of the work.

May - June 2020 Vol. 36 No. 4

www.pjms.org.pk 651


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahadue FL%5BAuthor%5D&cauthor=true&cauthor_uid=23152207
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soll R%5BAuthor%5D&cauthor=true&cauthor_uid=23152207
https://www.ncbi.nlm.nih.gov/pubmed/?term=Successful+nasal+continuous+positive+airway+pressure+for+newborn+respiratory+distress+in+a+regional+centre
https://www.ncbi.nlm.nih.gov/pubmed/?term=Successful+nasal+continuous+positive+airway+pressure+for+newborn+respiratory+distress+in+a+regional+centre

	_GoBack
	_Hlk518555613
	_Hlk518556496
	_Hlk518562249
	_Hlk504052285
	_GoBack
	_Hlk518747891
	_Hlk518745115
	_Hlk518747705
	_Hlk518744023
	_Hlk518746353
	_Hlk518746765
	_Hlk518715056
	_Hlk518747552
	_Hlk518747996
	_Hlk518747820
	_Hlk518744611
	_Hlk518749350
	_Hlk518748471
	_Hlk518747332
	_Hlk518744235
	_Hlk518730642
	pntd.0007493.ref042
	pntd.0007216.ref032
	_GoBack
	_ENREF_27
	_ENREF_33
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_32
	_ENREF_26
	_ENREF_44
	_ENREF_45
	_ENREF_31
	_ENREF_43
	_ENREF_71
	_ENREF_91
	_ENREF_77
	_ENREF_78
	_ENREF_89
	_ENREF_99
	_ENREF_65
	_ENREF_79
	_ENREF_54
	_ENREF_48
	_ENREF_84
	_ENREF_67
	_ENREF_70
	_ENREF_61
	_ENREF_98
	_ENREF_57
	_ENREF_63
	_ENREF_75
	_ENREF_100
	_ENREF_72
	_ENREF_51
	_ENREF_73
	_ENREF_103
	_ENREF_59
	_ENREF_97
	_ENREF_95
	_ENREF_104
	_ENREF_56
	_ENREF_82
	_ENREF_47
	_ENREF_80
	_ENREF_60
	_ENREF_68
	_ENREF_76
	_ENREF_101
	_ENREF_96
	_ENREF_102
	_ENREF_94
	_ENREF_83
	_ENREF_62
	_ENREF_64
	_ENREF_90
	_ENREF_93
	_ENREF_86
	_ENREF_52
	_ENREF_85
	_ENREF_55
	_ENREF_87
	_ENREF_74
	_ENREF_53
	_ENREF_66
	_ENREF_88
	_ENREF_81
	_ENREF_58
	_ENREF_92
	_ENREF_69
	_ENREF_50
	_ENREF_49
	_ENREF_29
	_ENREF_30
	_ENREF_37
	_ENREF_38
	_ENREF_36
	_ENREF_28
	_ENREF_35
	_GoBack
	_GoBack
	_Hlk19188091
	_Hlk17719428
	_GoBack
	_Hlk20300803
	_Hlk18485253
	_Hlk18501931
	_Hlk33010854
	_Hlk23559736
	_GoBack
	_bookmark0
	_bookmark1
	_bookmark2
	_bookmark3
	_bookmark4
	_bookmark5
	_bookmark6
	_bookmark7
	_bookmark8
	_bookmark9
	_bookmark10
	_GoBack
	pathological
	obstruction
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_7
	_ENREF_8
	_ENREF_10
	_ENREF_11
	_ENREF_44
	_ENREF_34
	_Hlk529099902
	_Hlk529099860
	_Hlk529953334
	_Hlk5721313
	_Hlk7529653
	_GoBack
	_Hlk7530394
	_Hlk24644062
	_Hlk33964845
	_Hlk18929185
	_Hlk33973462
	_Hlk33994937
	_Hlk6850615
	_Hlk6852370
	_Hlk18931827
	_Hlk19094201
	_GoBack
	_Hlk19229248
	_Hlk33974013
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_GoBack
	_GoBack
	_GoBack
	_Hlk536837298
	_Hlk530187961
	_Hlk534763562
	_Hlk522930573
	_Hlk32230040
	_GoBack
	_Hlk530341878
	_Hlk17373396
	_Hlk527488160
	_Hlk17373409
	_Hlk19809021
	_Hlk24911978
	_Hlk24641027
	_Hlk24675777
	_Hlk24674459
	_Hlk24733827
	_Hlk26727043
	_Hlk26128953
	_Hlk26129022
	_Hlk26133074
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_Hlk23398134
	_30j0zll
	_1fob9te
	_GoBack
	_GoBack
	_Hlk514152878
	_Hlk518378787
	_GoBack
	_GoBack
	ZOTERO_BREF_En7JWrUSgsoK
	_GoBack
	_Hlk37453044
	_GoBack
	OLE_LINK15
	_GoBack
	bau1
	bau2
	bau3
	_GoBack
	_GoBack

