
Abstract. – OBJECTIVE: To investigate the
effect of nitric oxide (NO) inhalation for the treat-
ment of neonatal pulmonary hypertension.

PATIENTS AND METHODS: Eighty-six pa-
tients with neonatal pulmonary hypertension
who were treated for the first time Xuzhou Chil-
dren’s Hospital from January 2013 to January
2016 were selected and randomly divided into
the observation group and control group, with 43
cases each. Patients in the control group were
treated with high-frequency oscillatory ventila-
tion, while those in the observation group were
treated with high-frequency oscillatory ventila-
tion combined with inhalational NO therapy. The
therapeutic effects were compared.

RESULTS: Over time, fraction of inspired oxy-
gen (FiO2) of patients in both groups de-
creased, and the FiO2 levels of patients in the
observation group at the different time points
were lower than those of the control group;
oxygen pressure (PaO2) and oxygen saturation
(SpO2) showed an upward trend; the PaO2 and
SpO2 levels in the observation group were high-
er than those of the control group at all time
points. Oxygenation index (OI) increased, and
the OI levels of the observation group at each
time point were higher than those of the control
group. Pulmonary artery pressure decreased at
each time point, and the levels in the observa-
tion group were lower than those of the control
group. The differences were statistically signifi-
cant (p < 0.05). The duration of mechanical ven-
tilation, duration of oxygen therapy, and mortal-
ity in the observation group were significantly
lower than those of the control group, and the
differences were statistically significant (p <
0.05).

CONCLUSIONS: Using NO inhalation to treat
neonatal pulmonary hypertension can signifi-
cantly improve oxygen supply, reduce pul-
monary artery pressure, shorten treatment time,
and reduce mortality. It is, therefore, worthy of
clinical application.
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Introduction

Neonatal pulmonary hypertension (PPHN)
commonly results from right-to-left shunting of
blood. It is characterized by pulmonary vascular
resistance and increased pulmonary artery pres-
sure in the conversion process from fetal circula-
tion to ectopic circulation1. The causes include
pneumonia, pulmonary vascular spasm, asphyx-
ia, respiratory distress syndrome, meconium as-
piration, maternal urinary tract infection, and
drug use during pregnancy2. The clinical mani-
festations include hypoxemia, severe cyanosis,
and cardiac dysfunction3. High-frequency oscil-
latory ventilation can more effectively reduce
lung injury of newborn infants compared with
normal frequency ventilation. Nitric oxide (NO)
is a selective pulmonary vasodilator that can re-
lax smooth muscle4,5. Administering NO to the
lungs of infants by high-frequency oscillatory
ventilation can prevent alveolar collapse, reduce
pulmonary vascular resistance, and improve lung
capacity, and has been widely used for the treat-
ment of PPHN6-8. In this study, PPHN was treat-
ed with high-frequency oscillatory ventilation
combined with NO inhalation, and satisfactory
results were obtained.

Patients and Methods

Patients
Eighty-six cases of neonatal PPHN admitted

to Xuzhou Children’s Hospital from January
2013 to January 2016 were consecutively select-
ed according to the following criteria 1. Infants
whose pulmonary artery systolic pressure was >
4.0 kPa or mean pulmonary arterial pressure was
> 2.67 kPa; 2. X-ray examination showed hilus
pulmonis artery expansion, enhanced beat, pul-
monary arteries with thin-walled peripheral
branches, and enlargement of the right ventricle;
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3. No other congenital developmental malforma-
tions and parents signed the informed consent.
The exclusion criteria included: (1) Pneumotho-
rax and hemorrhagic disorders; (2) Cyanotic con-
genital heart disease; (3) Poor treatment effects,
relatively severe conditions, and estimation of
poor prognosis.
Infants were randomly divided into the observa-

tion group and control group, with 43 cases each.
In the observation group, there were 22 males and
21 females, aged 7-28 d, (average of 14.6 ± 6.5 d)
and weighed 2.5-4.8 kg, (average of 2.8 ± 1.3 kg).
There were 17 cases of severe pneumonia, 12 cases
of amniotic fluid meconium inhalation, seven cases
of pulmonary hyaline membrane disease, four cas-
es of premature birth and three cases of bronchial
pulmonary dysplasia. In the control group, there
were 19 males and 24 females, aged 5-28 d, (aver-
age of 13.7 ± 5.8 d) and weighed 2.3-4.9 kg, (aver-
age of 2.8 ± 1.5 kg). There were 16 cases of severe
pneumonia, 11 cases of amniotic fluid meconium
inhalation, six cases of pulmonary hyaline mem-
brane disease, six cases of premature birth, and
four cases of bronchial pulmonary dysplasia. Com-
parisons of general parameters between the two
groups showed no statistically significant differ-
ences (p > 0.05).

Methods
Hospitalized infants underwent respiratory tract

cleaning, and mouth and nasal secretions were as-
pirated. Infants with inhaled amniotic fluid or
meconium were treated by tracheal intubation to
aspirate the fluids. Each infant was then injected
with 1 ml sterile saline at a suitable temperature
and supplied with oxygen for 30. The washing liq-
uid was then aspirated. Infants in the control group
were placed in an incubator, and body temperature
was maintained within the normal range. A sy-
ringe was used to draw surfactant suspensions.
Pulmonary surfactants were administered three
times according to different body positions as fol-
lows: infants in the supine position were injected
slowly with half of the amount of drug through
a thin silicone tube in the tracheal catheter, and
then received a quarter of the amount of drug in
the right lateral and left lateral positions, respec-
tively. To distribute drugs evenly in alveoli and to
avoid overflow, the infants were supplied with
oxygen for ventilation for 3 min. Infants were then
placed under mechanical ventilation by high-fre-
quency oscillatory ventilation.
Infants in the observation group, in addition to

high-frequency oscillatory ventilation, were ad-

ministered inhalational decompressed NO at a
concentration of 800 ppm, which was added to
the output loop of the ventilator (before the hu-
midifier). The initial treatment dose of each in-
fant was 20 ppm and they were observed every
15 min. The infants with ineffective inhalation
were given an additional dose of 5 ppm per ad-
ministration, and the maximum did not exceed
80 ppm. After 6 h of valid inhalation, the dose
the infants received was reduced by 5 ppm every
30 min, and finally to 6 ppm.

Observational Indicators
The 2 h, 12 h, and 24 h fraction of inspired

oxygen (FiO2) after treatment, indexes of blood
gas analysis, including arterial partial pressure of
oxygen (PaO2) and blood oxygen saturation
(SpO2), oxygenation index (OI), pulmonary
artery pressure, duration of mechanical ventila-
tion, duration of oxygen therapy and mortality
were compared. It is well established that OI =
PaO2 / FiO2. Doppler echocardiography was used
to detect the regurgitation velocity, and tricuspid
regurgitation V values were derived. Pulmonary
artery pressure = 4 × V2 + 5 mmHg, and the av-
erage values were calculated after two measure-
ments.

Statistical Analysis
SPSS19.0 software (Inc. Chicago, IL, USA)

was used for statistical analysis. Measurement
data are presented as a mean ± standard devia-
tion. Comparisons between groups were by inde-
pendent sample t-test. The different time points
were compared using One-way ANOVA test fol-
lowed by Post Hoc Test (LSD). Count data are
presented as rate and were tested by χ². p < 0.05
was taken as statistically significant.

Results

Comparison of FiO2 at
Different Time Points
Over time, FiO2 of the two groups decreased,

and the FiO2 levels in the observation group were
lower than those of the control group at the dif-
ferent time points. The differences were statisti-
cally significant (p < 0.05) (Table I).

Comparison of Blood Gas Indexes at
the Different Time Points
Over time, PaO2 and SpO2 in both groups in-

creased, and the levels of PaO2 and SpO2 in the
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Group Treatment 2 h 12 h 24 h F p

Observation group 52.0 ± 16.3 42.3 ± 12.5 31.7 ± 11.3 10.236 0.000
Control group 71.3 ± 18.7 58.6 ± 12.6 43.6 ± 12.7 12.625 0.000
t 6.248 5.968 5.457
p 0.023 0.026 0.030

Table I. Comparison of FiO2 at different time points (%).

PaO2 (mmHg) SpO2 (%)

Group Treatment 2 h 12 h 24 h F p Treatment 2 h 12 h 24 h F p

Observation group 54.5 ± 8.6 61.3 ± 7.5 67.7 ± 8.6 8.632 0.000 65.7 ± 8.3 74.6 ± 7.5 81.7 ± 9.8 7.629 0.000
Control group 48.8 ± 9.5 54.7 ± 8.7 60.6 ± 6.5 8.967 0.000 51.6 ± 8.6 63.5 ± 9.7 71.8 ± 9.5 7.854 0.000
t 5.241 5.374 5.417 5.357 5.425 5.438
p 0.026 0.023 0.020 0.022 0.020 0.020

Table II. Comparison of blood gas indexes at the different time points.

Group Treatment 2 h 12 h 24 h F p

Observation group 223.5 ± 42.3 267.9 ± 52.7 352.4 ± 72.6 7.628 0.000
Control group 202.6 ± 45.6 258.9 ± 54.3 296.3 ± 64.9 7.325 0.000
t 4.243 4.635 5.367
p 0.035 0.030 0.024

Table III. Comparison of OI at the different time points (mmHg).

observation group were higher than those in the
control group at the different time points. The
differences were statistically significant (p <
0.05) (Table II).

Comparison of OI at the
Different Time Points
Over time, the OI in both groups increased.

The OI levels in the observation group were high-
er than those of the control group at the different
time points, and the differences were statistically
significant (p < 0.05) (Table III).

Comparison of Pulmonary Artery
Pressure at the Different Time Points
Over time, pulmonary artery pressure in both

groups increased. Pulmonary artery pressure in
the observation group was lower than in the con-
trol group at the different time points, and the
differences were statistically significant (p <
0.05) (Table IV).

Comparison of Duration of Ventilatory
Support, Time of Oxygen Therapy, and
Death Rate
The duration of ventilatory support, time of

oxygen therapy, and death rates in the observa-
tion group were lower than those in the control
group, and the differences were statistically sig-
nificant (p < 0.05) (Table V).

Discussion

The neonatal pulmonary vascular system is
generally unstable. The maturation of endothelial
cell function, release of vasoactive mediators,
vascular wall remodeling, and smooth muscle
cell differentiation are involved in the maturation
process. Neonatal pulmonary hypertension is al-
so known as persistent fetal circulation9.
It is caused by a variety of factors including

the risk factors of the perinatal period, such as
maternal anemia, fever, lung disease, diabetes
mellitus, the use of aspirin and non-steroidal an-
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ti-inflammatory drugs during pregnancy, meconi-
um-stained amniotic fluid, perinatal asphyxia,
and fetal distress. Greater gestational age is asso-
ciated with higher incidence10. Neonatal pul-
monary hypertension results in the inhibition of
the production of NO. Stability of pulmonary
vessels is achieved through the formation of vas-
cular complexes and NO. Simultaneously, the de-
cline in the secretion of endothelial diastolic fac-
tors in the pulmonary vasculature aggravates the
injury of endothelial cells, which induces shrink-
age of the vasculature. Furthermore, this increas-
es interaction between endothelial cells,
macrophages, and neutrophils, which promotes
thrombosis, and in turn aggravates endothelial
cell injury, usually with the characteristics of re-
sistance of the pulmonary circulation and in-
creasing pressure11.

The Treatment of Neonatal
Pulmonary Hypertension
The traditional treatment for neonatal pul-

monary hypertension is the administration of
vasodilator drugs combined with inhalation of
high concentrations of oxygen, and mechanical
ventilation12. At present, treatment with NO in-
halation is widely used. NO is produced by en-
dothelial cells and low bioavailability of NO is
the pathological basis of vascular pulmonary hy-
pertension13. Inhaled NO can disperse to vascular
smooth muscle cells, and soluble guanylate cy-
clase can increase the levels of NO, which causes
specific expansion of the pulmonary vascula-

ture14. NO has allosteric effects on hemoglobin,
which increases the exchange of oxygen and car-
bon dioxide, and causes blood flow distribution
from oxygenation tissue to hypoxic tissue, which
improves systemic and pulmonary circulation15.
Regarding therapy with high-frequency oscillato-
ry ventilation combined with NO inhalation, in-
halation of NO when alveoli are inflated can ef-
fectively reduce pulmonary vascular resistance.
The dose of NO is not significantly associated
with the clinical effectiveness16, and high concen-
trations of inhalational NO can cause indirect
toxicity to the nervous system and red blood
cells, which can easily result in methemoglobine-
mia17. Similarly, NO can inhibit collagen-induced
platelet aggregation and adenosine diphosphate
expression, which prolong bleeding time18.
Therefore, to reduce the prevalence of adverse
reactions, the maximum clinical dose should not
exceed 80 ppm, and patients should be closely
observed. If the conditions of the patients im-
prove, the dose should be gradually reduced19.
Over time in the present work, FiO2 in both

groups decreased, and FiO2 levels of patients in
the observation group at the different time points
were lower than those in the control group.
PaO2 and SpO2 showed an increasing trend,

and the PaO2 and SpO2 levels in the observation
group were higher than those of the control
group at all time points.
OI increased, and the OI levels in the observa-

tion group at each time point were higher than
those of the control group; pulmonary artery
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Group Treatment 2 h 12 h 24 h F p

Observation group 46.5 ± 5.6 29.4 ± 6.4 15.7 ± 5.0 8.629 0.000
Control group 58.8 ± 7.4 39.5 ± 7.3 35.6 ± 6.3 7.524 0.000
t 5.348 5.634 6.167
p 0.026 0.020 0.015

Table IV. Comparison of pulmonary artery pressure at the different time points (mmHg).

Duration of ventilatory Time of oxygen Death rate
Group Cases support (d) therapy (d) [n (%)]

Observation group 43 4.5 ± 1.2 8.7 ± 1.7 3 (7.0)
Control group 43 7.4 ± 1.5 10.5 ± 1.8 10 (23.3)
t/χ² 6.216 6.415 4.440
p 0.013 0.010 0.035

Table V. Comparison of duration of ventilatory support, time of oxygen therapy, and death rate.



pressure decreased, and was lower in the obser-
vation group compared with the control group at
all time points. The differences were statistically
significant. The duration of mechanical ventila-
tion, duration of oxygen therapy, and mortality in
the observation group were significantly lower
than those of the control group.

Conclusions

NO inhalation for the treatment of neonatal
pulmonary hypertension can significantly im-
prove oxygen supply, reduce pulmonary artery
pressure, shorten treatment time, and reduce
mortality. It is, therefore, worthy of clinical ap-
plication.
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