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Abstract
Objective: To investigate the efficacy of high-frequency oscillatory ventilation (HFOV) combined with pulmonary surfactant (PS)
in the treatment of neonatal respiratory distress syndrome (NRDS).

Methods: This study is a retrospective clinical study. Seventy-two NRDS neonates were selected as the subjects from
November 2019 to November 2020, and divided into observation group (40 cases, HFQOV treatment) and control group (32 cases,
conventional mechanical ventilation treatment). All cases were treated with PS and comprehensive treatment. The therapeutic
effect, arterial partial pressure of oxygen (Pa0,), arterial partial pressure of carbon dioxide (PaCO,), Percentage of inhaled oxygen
concentration (FiO,), mean arterialpressure, oxygenation index (Ol), and complications were compared in the 2 groups.

Results: The total effective rate of the observation group was 90.0%, significantly higher than that of the control group. After
treatment, the observation group has higher PaO, levels and lower levels of PaCO,, mean arterial pressure, FiO,, and Ol than the
control group. There was no significant difference in the incidence of complications between the 2 groups.

Conclusion: HFOV combined with PS has a significant effect on NRDS, which can improve the arterial blood gas index without
increasing the incidence of complications.

Abbreviation: CMV = conventional mechanical ventilation, FiO, = Percentage of inhaled oxygen concentration, HFOV = high-
frequency oscillatory ventilation, MAP = mean arterialpressure, NICU = neonatal intensivecare unit, NRDS = neonatal respiratory
distress syndrome, Ol = oxygenation index, PaCO, = arterial partial pressure of carbon dioxide, PaO, = arterial partial pressure
of oxygen, PS = pulmonary surfactant.
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1. Introduction

Neonatal respiratory distress syndrome (RDS) is a disease that
is unique to newborn infants. It is caused by a deficiency of
pulmonary surfactant (PS), which is usually ready to be acti-
vated around the perinatal period. NRDS is a leading cause
of morbidity in premature newborns and is a common reason
for admission to the neonatal intensive care unit (NICU).!" The
etiology of NRDS is complex, and the main cause is the lack
of pulmonary surfactant (PS).”! According to some reports,
pulmonary surfactants can increase lung compliance, reduce
inspiratory resistance, and maintain stable alveolar volume
in NRDS, but the efficacy was difficult was not satisfactory.?!
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Some studies have shown that it is difficult to achieve the ideal
effect by using a single treatment method in NRDS, and PS
combined with respiratory support is often used in clinical
treatment.*

High-frequency oscillatory ventilation (HFOV) is a new type
of ventilation, and noninvasive HFOV has been developed into
a common way of high-frequency ventilation in neonates.”>*!
HFOV has the characteristics of high ventilation frequency,
low tidal volume and low ventilation pressure, and can increase
convection and diffusion with the help of high-speed gas, cor-
rect arterial blood gas, avoid lung injury, and reduce the rate
of oxygen poisoning.”!! High-tidal volume is one of the main
causes of lung injury. Compared with conventional mechanical
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ventilation (CMV), HFOV has the advantages of low tidal vol-
ume and high ventilation frequency, which is one of the main
reasons that HFOV can effectively reduce the incidence of lung
injury and oxygen poisoning in the process of treatment.!”!!
This study aimed to investigate the clinical efficacy and safety
of HFOV combined with PS in the treatment of NRDS.

2. Material and Methods

2.1. General data

From November 2019 to November 2020, 72 cases of NRDS
neonates in our hospital were selected and divided into observa-
tion group (n = 40, HFOV combined with PS) and control group
(n = 32, CMV combined with PS) according to the treatment
methods. Research flowchart was shown in Figure 1. There were
21 males and 19 females in the observation group; the gesta-
tional age was 29 to 34 weeks, with an average of 31.15+1.55
weeks; 1 minute after birth, Apgar score was 4 to 5, with an
average of (4.49+0.31). There were 17 males and 15 females
in the control group; gestational age was 28 to 34 weeks, with
an average of 31.5+1.40 weeks; Apgar score was 4 to 5 at 1
minute after birth, with an average of (4.53+0.29). There was
no significant difference in general data between the 2 groups
(Table 1).

2.2. Inclusion and exclusion criteria

According to the NRDS diagnostic criteria in the European con-
sensus guidelines for the prevention and treatment of NRDS,!!!]
the inclusion criteria as follows:(1) acute onset, shortly after
birth, respiratory distress occurs, manifested as shortness of
breath, cyanosis, nose fan, inhale three concave sign, and so on,
oxygen ineffective, need auxiliary ventilation; (2) respiratory
distress is progressive aggravate; (3) chest X-ray film showed a
general decrease in translucency of both lungs, reticular, gran-
ular shadows, bronchial bronchograms, and severe cases were
“white lungs.” Exclusion criteria: (1) dyspnea caused by other
congenital malformations, such as heart and respiratory tract,
intrauterine infectious pneumonia, and meconium aspiration
syndrome. This study was approved by ethics committee of sec-
ond affiliated hospital of Qigihar Medical University.

2.3. Treatment

The neonates in both groups were injected with 80 to 100mg
of PS (Curosurf, Chiesi Farmaceutici S.p.A) through endotra-
cheal intubation before operation. Meanwhile, they were given
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conventional treatment such as keeping warm, maintaining
water-electrolyte balance, improving microcirculation, intrave-
nous nutrition, using antibiotics and so on. The control group was
given CMV treatment. Using Germany Siemens MAQUET venti-
lator, parameter set as follows: peak inspiratory pressure (15-25
cmH,O), positive end-expiratory pressure (4—6 cmH,O), expira-
tory %requency (40-60 beats/min), percentage of inhaled oxygen
concentration (FiO2, 50%-80%, adjusted according to blood
oxygen detection), respiratory ratio (1: [1.0-1.5]), which were
adjusted by comprehensive blood gas analysis, clinical symptoms,
and ECG monitoring index.

The observation group was given HFOV treatment. Using
the high-frequency oscillatory ventilator (Stephanie, SERVO-1),
the parameters set as follows: frequency (12-15 Hz), average
airway pressure (10-15 ¢cmH,0), pressure amplitude (30-45
cmH,0), inspiratory time percentage (33 %), FiO, (40%-60%),
which were adjusted by comprehensive blood gas analysis, clin-
ical symptoms, and ECG monitoring index.

2.4. Main outcome measures

We judged the infant’s condition according to the “2019 European
guidelines for the management of respiratory distress syndrome.”!'!

(1) The therapeutic effects of the 2 groups were compared.
After 12 hours of treatment, the child’s breathing was
stable, X-ray showed that the bilateral lung permeabil-
ity was significantly improved, lung expansion was good,
SaO, was more than 85%, and cyanosis, dyspnea, groan,
and other symptoms disappeared completely, which was
judged as a significant effect. After 12 hours of treatment,
SaO, was maintained at 70%-80%, cyanosis, dyspnea,
groan, and other symptoms were alleviated, and X-ray
showed that the patient’s breathing was stable, which was
judged as an effect. After 12 hours of treatment, SaO, <
75%, cyanosis, dyspnea, groan, and other symptoms did
not improve, chest X-ray showed that the pulmonary
ground-glass shadow did not reduce or even aggravate,
it was judged as invalid. Total effective rate = (markedly
effective cases + effective cases)/total cases x 100%.

(2) The changes of arterial partial pressure of oxygen
(PaO,), arterial partial pressure of carbon dioxide
(PaCO,), FiO,, mean arterial pressure, and oxygenation
index (OI = 100 x mean arterial pressure x FiO,/Pa0O,)
were compared between the 2 groups before treatment,
12 hours after operation and 24 hours after operation.

(3) Complications including pneumothorax, pulmonary
hemorrhage, and pneumonia were recorded.

Assessed for eligibility (n=72)

According to the treatment
method Grouping (n=72 }¢

y

observation group (n= 40w
+ Received HFOV combined with PS treatment
(n=40 )

Figure 1. Research flowchart.
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General clinical data of the 2 groups.

Variables Control (n = 32) Observation (n = 40) 95% Gl P

Gestational age (week) 31.50+1.40 31.15+1.55 —1.049 t0 0.358 .331
Sex male (%) 17 (63.13) 21 (52.50) 0.589t0 1.787 929
1 min Apgar 4.53+0.29 4.49+0.31 -0.173100.109 658
Steroid hormone therapy, n (%) 3(9.38) 3(7.5) 0.468 t0 0.348 633

2.5. Statistical analysis

SPSS 25.0 software and Graphpad prism 6.0 were used to ana-
lyze data. The measurement data were expressed as (mean =
SD), and the Student # test was used for comparison between
2 groups. The rates were compared by Chi-square test. P < .05
was considered as statistically different.

3. Results

3.1. Comparison of therapeutic effect between the 2 groups

The total effective rate of the observation group (90.0%) was
higher than that of the control group (71.87%), the difference
was statistically significant (P < .05, Table 2).

3.2. Comparison of mechanical ventilation time, hospital
stay, and survival rate between the 2 groups

The mechanical ventilation time and a hospital stay of the
observation group were shorter than those of the control group
(P < .05), and there was no significant difference in survival rate
between the 2 groups (P > .05, Table 3).

3.3. Comparison of blood gas indexes between the 2
groups after treatment

Before treatment, there was no significant difference in arterial
blood gas indexes between the 2 groups (the data was not shown).
After treatment, compared with the control group, the blood gas
analysis of the observation group was significantly better than that
of the control group after 12 hours and 24 hours of treatment, and
the FiO, and OI were significantly lower (P < .05, Table 4).

Comparison of therapeutic effect between the 2 groups.

Variables Control (n = 32) Observation (n = 40) 95% CI* P
Efficacy, n (%)
Significantly 16 (50.0%) 24 (60.00%)
effective
Effective 7 (21.87%) 12 (30.00%) 0.004 t0 0.006 .005
Invalid 9 (28.13%) 4 (10.00%)

Cl = confidence intervals.

Comparison of mechanical ventilation time, hospital stay and
survival rate between the 2 groups.

Control Observation
Variables (n=32) (n = 40) 95% Cl P
Mechanical 9240+6.90 84.41+500 -10.798t0-5.194 <.001

ventilation time (h)
Hospital duration (d)
Survival rate, n (%)

34.41+246 27.95+1.88
278437 36(90.00)

-10.912t0-5.080 <.001
0.257 t0 1.400 234

Cl = confidence intervals.

3.4. Compilications of the 2 groups

There was no significant difference in the incidence of pneumo-
nia, pneumothorax, and pulmonary hemorrhage between the 2
groups (P > .05, Table 5).

4. Discussion

PS is a complex of lipids and proteins, which is aggregated and
secreted by alveolar epithelial cells into a thin layer of fluid
covering the respiratory surface of the lung, where the sur-
factant forms a surface film at the air-water interface. PS can
significantly reduce the surface tension, thereby stabilizing the
interface exposed to air and preventing alveolar collapse from
respiratory mechanics.'? With the progress of medical tech-
nology and the wide clinical application of PS, the cure rate of
NRDS neonates has improved, but some neonates with severe
illness still cannot achieve satisfactory curative effect,'3 espe-
cially CMV cannot achieve ideal ventilation and oxygenation
effect under low oxygen concentration and pressure.!'*l HFOV
is a lung protection high-frequency ventilation strategy, and it
is also the most frequent one among all high-frequency venti-
lation at present. It can improve oxygenation and reduce PaO,
by enhancing gas exchange through convection and diffusion.!’!

This study observed the effect of PS combined with HFOV
in the treatment of NRDS children. The results showed that

Comparison of blood gas indexes of the 2 groups after 12 and
24 hours of treatment.

Control Observation
Variables (n=32) (n = 40) 95% Cl P
Pa0, (mmHg) 12h 66.31+6.48 70.56+7.08 1.024 10 7.476 011
24h 76.14+8.33 82.54+10.75 1.787t011.010  .007
PaCO, (mmHg) 12h 49.58+4.58 44.46+315  —6.94110-3.299 <.001
24h 47.75+352 38.61+238 —10.530t0-7.749 <.001
MAP (cmH,0)  12h 10.37+2.81 9.24+1.41 —214%t0-0.115  .029
24h  967+216 805+1.47 -2.475t0-0.764 <.001
Fi0, (%) 12h  0.72+0.09 068+0.07 -0.077t0-0.002 .037
24h  0.64+0.08 0.55+0.06 0.1221t0-0.057 <.001
ol 12h 21.96+267 1852+226  —4.599t0-2.281 <.001
24h 1531+1.68 1237+154  -3.6981t0-2.182 <.001

Cl = confidence intervals, FO, = percentage of inhaled oxygen concentration, MAP = mean arterial
pressure, Ol = oxygenation index, PaCO, = arterial partial pressure of carbon dioxide, Pa0, = arterial
partial pressure of oxygen.

Comparison of complications in 2 groups.

Control Observation
Variables (n=32) (n = 40) 95% CI* P
Complications, n (%) 14 (43.75) 17 (42.5)
Pneumonia 8 (25.00) 8 (20.00)
Pneumothorax 3(9.38) 4(10.00) 0.5031t00.523 513
Pulmonary hemorrhage 3(9.38) 5(12.50)

*95% Cl of this Chi-square test was calculated by Monte Carlo test.
Cl = confidence intervals.
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the effective rate of the observation group was 90.00%,
which was significantly higher than that of the control
group (71.87%). The mechanical ventilation time and a hos-
pital stay of the observation group were shorter than those
of the control group, but there was no significant difference in
the survival rate between the 2 groups, which indicated that
the effect of PS combined with HFOV in the treatment of
NRDS children was better than that of CMV combined with
PS. PS combined with HFOV can significantly shorten the
hospitalization time, tracheal intubation time, mechanical
ventilation time, and reduce the medical burden, which is
similar to previous reports.l'>!7l Moreover, after 12 and 24
hours of treatment, the PaO, value of the observation group
was significantly higher than that of the control group. While
the PaCO,, FiO, and OI of the observation group were sig-
nificantly lower than those of the control group, indicating
that the combination of PS and HFOV in the treatment of
NRDS can better improve the blood gas index of children.
Finally, the oxygen concentration and oxygenation index
decreased faster, which is conducive to protecting the lung
tissue of neonates, and avoiding oxygen poisoning caused
by high oxygen concentration and high blood oxygen par-
tial pressure. These data were consistent with the conclusion
of previous studies!'®!”! that HFOV can improve abnormal
blood gas analysis and lower oxygen concentration more
quickly. Compared with CMV, HFOV can rapidly increase
gas convection and dispersion through high-speed gas flow,
and has a higher removal rate of carbon dioxide, which can
significantly improve the state of hypoxia and reduce the
body damage caused by high respiratory parameters. At the
same time, HFOV can reduce the pressure fluctuation in
the airway, maintain the optimal lung volume, and promote
the rapid and effective gas exchange in lung tissue, which
is beneficial to correct carbon dioxide retention and low
blood oxygen. Combined with PS treatment, it can reduce
the lung surface tension, improve the lung tissue compliance
and oxygenation function, reduce the oxygen concentration,
and keep the alveolar tissue stable in the low lung volume
state.?*2!1 Therefore, the improvement effect of arterial
blood gas index in the observation group is better than that
in the control group.

In addition, this study found that pneumothorax, pulmo-
nary hemorrhage and pneumonia complications occurred in
both groups, suggesting that the above risks exist in both
mechanical ventilation methods. We speculated that the rea-
son may be that after the use of mechanical ventilation and
PS treatment, the lung compliance is improved, the lung ven-
tilation and ventilation are improved, the pulmonary vessels
are expanded, a large amount of blood quickly enters the lung
tissue, causing congestion and edema, causing pulmonary
hemorrhage and other pulmonary complications. Therefore,
during mechanical ventilation, we should actively prevent
these complications, maintain the blood oxygen saturation
at 88% to 90%. If necessary, take chest film to evaluate the
degree of lung expansion, and timely adjust the parameters
of the ventilator according to the results of arterial blood
gas analysis and chest film examination, to maintain the best
lung volume and avoid excessive lung expansion. Wang et al
have reported that compared with CMV combined with PS
treatment, the complication rate of HFOV combined with
PS treatment was lower.!??lIn this study, there was no signifi-
cant difference in the incidence of complications between the
2 groups, which was consistent with the results reported by
Huang et al.*¥

Our study has several limitations: First, the sample size of the
study is small. Second, the 2 groups of infants were not evalu-
ated in terms of receiving other drug treatments (such as vitamin
A compounds, corticosteroids). Third, the times of PS treatment
and infant side effects were not counted.
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In conclusion, the efficacy of PS combined with HFOV in the
treatment of NRDS is significantly higher than that of PS com-
bined with CMV. The blood gas index of the former is better
improved, and there is no significant increase in complications,
which is worthy of clinical promotion and practice.
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