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RESUMEN.
Objetivo:
Investigar la correlación entre los cambios en el péptido natriurético cerebral (BNP) y las
características ecocardiográficas en la hipertensión pulmonar persistente del recién nacido (PPHN).
Pacientes y métodos:
Un total de 76 Los pacientes con HPPRN tratados en nuestro hospital desde marzo de 2017 hasta
febrero de 2018 se dividieron en grupo leve ( n = 33), grupo moderado (n = 22) y grupo severo ( n =
21) según la presión sistólica de la arteria pulmonar, y se compararon con 30 recién nacidos
normales (grupo control) durante el mismo período. Todos los recién nacidos se sometieron a
ecocardiografía, se detectó el nivel de BNP y se analizó la correlación entre las características
ecocardiográficas y los cambios de BNP. <b> Resultados: El nivel de BNP en el grupo control fue
significativamente más bajo que en los grupos PPHN, y fue aumentó constantemente de grupo leve
a grupo severo p <.05). No hubo diferencias significativas en el diámetro auricular izquierdo (LA) y
el diámetro ventricular izquierdo (LV) entre los grupos ( p > .05), mientras que hubo diferencias
significativas en el diámetro auricular derecho (RA), derecha diámetro ventricular (RV) y velocidad
máxima de regurgitación tricuspídea (VTR) ( p <.05). BNP no tenía correlaciones con LA y LV ( p >
.05), pero tenía correlaciones positivas con RA, RV y VTR ( r = 0.527, 0.503 y 0.524, p <.05).
Conclusión:
El nivel de BNP de los pacientes con HPPRN aumenta con la gravedad de la enfermedad. BNP tiene
correlaciones cercanas con las características ecocardiográficas de los pacientes neonatales. La
predicción de los cambios de BNP a través de la ecocardiografía es de cierto valor para guiar el
tratamiento clínico.
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ABSTRACT

ARTICLE HISTORY

Objective: To investigate the correlation between changes in brain natriuretic peptide (BNP)
and echocardiographic features in persistent pulmonary hypertension of newborn (PPHN).
Patients and methods: A total of 76 patients with PPHN treated in our hospital from March 2017
to February 2018 were divided into mild group (n ¼ 33), moderate group (n ¼ 22) and severe group
(n ¼ 21) according to the pulmonary arterial systolic pressure, and they were compared with 30 normal newborns (control group) during the same period. All newborns underwent echocardiography,
the BNP level was detected, and the correlation between echocardiographic features and BNP
changes was analyzed.
Results: The BNP level in control group was significantly lower than those in PPHN groups, and
it was constantly increased from mild group to severe group (p<.05). There were no significant
differences in left atrial diameter (LA) and left ventricular diameter (LV) among groups (p>.05),
while there were significant differences in the right atrial diameter (RA), right ventricular diameter (RV) and peak velocity of tricuspid regurgitation (VTR) (p<.05). BNP had no correlations
with LA and LV (p>.05), but had positive correlations with RA, RV and VTR (r ¼ 0.527, 0.503 and
0.524, p<.05).
Conclusion: The BNP level of patients with PPHN increases with the increasing severity of disease. BNP has close correlations with echocardiographic features of neonatal patients. Predicting
the BNP changes via echocardiography is of certain value in guiding the clinical treatment.
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Introduction
Persistent pulmonary hypertension of newborn (PPHN)
is a kind of common critical complication in the lung of
neonates, whose mortality rate is as high as about 50%
[1]. PPHN is caused by a variety of factors, such as
respiratory distress syndrome, pulmonary vasospasm,
pneumonia, aspiration of amniotic fluid and meconium,
asphyxia and maternal urinary tract infection in pregnancy, which is mainly manifested as the pulmonary
arteriolar remodeling, hyperplasia and vasospasm. The
early clinical symptoms of PPHN are not obvious, and
such symptoms as severe purpura, faint and respiratory
failure will occur in the middle-advanced stage [2–4]. In
PPHN patients, there are disorders in the pulmonary circulation resistance and pressure, and the pulmonary
arterial pressure persistently increases and exceeds the
systemic arterial pressure, thus leading to the right-toleft shunt, and causing the decline in the right ventricular systolic and diastolic functions, dilatation and
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hypertrophy. Moreover, the cardiac systolic and diastolic
functions of the newborn are immature, and the right
heart load increases, thereby leading to the functional
decline in the right heart, right heart failure and death
[5]. The traditional detection means for pulmonary
hypertension is to detect the pulmonary arterial pressure using the cardiac catheter, which, however, will
result in vascular injury and myocardial perforation, and
it is unbearable especially for newborns. With the constant development of echocardiography, it, as a kind of
noninvasive examination method, has been increasingly
applied in the clinical diagnosis of PPHN [6]. Brain natriuretic peptide (BNP) is a kind of polypeptide mainly
secreted by the heart, which can not only regulate blood
pressure and stabilize blood volume, but also directly
reflect the ventricular function, so it is also paid attention to in the field of pediatric research [7]. In this study,
BNP detection and echocardiography were performed
for PPHN patients, and the correlation between them
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Table 1. Comparisons of general data among groups.
PPHN groups
Item
Gender (male/female)
Age (d)
Average age (d)
Weight
Average weight

Mild group (n ¼ 33)

Moderate group (n ¼ 22)

Severe group (n ¼ 21)

Control group (n ¼ 30)

F

p

16/17
7–28
14.92 ± 2.29
2.95–4.83
3.15 ± 0.39

10/12
6–28
14.16 ± 2.63
2.90–4.85
3.13 ± 0.34

10/11
5–28
14.97 ± 2.19
3.00–5.03
3.12 ± 0.33

16/14
5–28
14.76 ± 2.08
7–28
3.16 ± 0.37

4.536
3.278
11.437
15.682
25.493

<.01
<.01
<.01
<.01
<.01

was analyzed, so as to provide a basis for the diagnosis
and treatment of PPHN.

Materials and methods
General data
A total of 76 patients with PPHN treated in our hospital
from March 2017 to February 2018 were selected as
objects of study, and divided into mild group (n ¼ 33),
moderate group (n ¼ 22) and severe group (n ¼ 21)
according to the pulmonary arterial systolic pressure.
PPHN was defined as cyanosis in neonates, which continued after 30 min of ventilation with 100% O2 via
hood. Patients with hypoxemia with need for supplemental oxygen for more than 2 d, or any period of invasive and noninvasive mechanical ventilation, to
maintain arterial oxygen saturation between 89 and
95% were also recruited. At the same time, 30 normal
newborns (control group) were selected for a controlled
study. The gestational age of the PPHN newborn and
controls were full term. The systolic pulmonary artery
pressure (SPAP) in all patients was >30 mmHg, it was
manifested as sinus rhythm, and patients with hypertension, coronary heart disease, right heart pacemaker,
arrhythmia, primary heart disease, right cardiac infarction, organic lesion in tricuspid valve, right ventricular
outflow tract obstruction or pulmonary valve stenosis
were excluded. There were no statistically significant differences in general data among groups (p>.05), and
they were comparable (Table 1). All subjects signed the
informed consent, and this clinical trial was approved
by the Ethics Committee of Affiliated Hospital of Inner
Mongolia Medical University.

Methods
Echocardiography
All objects underwent echocardiography at 13 d after
birth. Newborns in control group were examined in
the ultrasonic diagnosis room, and patients in PPHN
group were examined at the bedside of the neonatal
ward. All objects should keep quiet, and newborns
with poor compliance can be fed with breast milk to

be quiet. VIVID 7 color Doppler ultrasound diagnostic
instrument (GE, USA) (frequency: 4–8 MHz, sampling
volume: 2 mm) was used with the special ultrasonic
probe for children. Under a supine position, transthoracic echocardiography was performed, electrocardiogram was connected synchronously, and the
parasternal, apical, subxiphoid and supraclavicular
standard sections were routinely explored and videorecorded. The pulmonary arterial systolic pressure
(PASP) of the newborn was measured using the tricuspid regurgitation pressure gap (TRPG) method:
PASP ¼ TRPG þ 10 mmHg. The left atrial diameter (LA),
left ventricular diameter (LV) and right ventricular
diameter (RV) were detected using the M-mode ultrasonography for the parasternal left ventricular longaxis section, and the diameter of nonoccluded catheter and/or oval foramen and right atrial diameter
(RA) were detected using the two-dimensional ultrasonography. The maximum tricuspid regurgitation jet
on the apical four-chamber section was measured via
color Doppler ultrasonography, and the sampling line
and probe angle of continuous wave Doppler were
adjusted based on the jet direction of Doppler ultrasonography to measure the peak velocity of tricuspid
regurgitation (VTR).

Detection of BNP level
After 5 mL fasting whole blood was collected from the
elbow vein of objects at 6:00 in the morning on the
same day when the echocardiography was performed,
it was anticoagulated using heparin and stored in a
refrigerator, followed by detection using a biochemical
analyzer (Hitachi, Japan). The BNP level in the newborn in each group was detected using the immunochemical method strictly according to instructions of
the related kits provided by Roche Diagnostics
(Shanghai, People’s Republic of China).

Evaluation criteria
Criteria for PPHN severity [8]: 1) mild: PASP is
35–50 mmHg, 2) moderate: PASP is 51–70 mmHg, and
3) severe: PASP is above 70 mmHg.
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Table 2. Comparisons of BNP and echocardiographic results among groups.
PPHN groups
Item
BNP (ng/mL)
LA (mm)
LV (mm)
RA (mm)
RV (mm)
VTR (m/s)

Mild group

Moderate group

Severe group

Control group

F

p

625.35 ± 22.48
10.89 ± 10.23
15.92 ± 1.79
14.38 ± 1.16
11.45 ± 0.89
2.69 ± 0.19

786.14 ± 23.05
11.03 ± 11.27
15.86 ± 1.63
18.45 ± 1.13
14.53 ± 1.06
3.62 ± 0.23

955.18 ± 22.08
11.12 ± 1.84
15.97 ± 1.69
21. 53 ± 1.14
16.62 ± 1.13
4.53 ± 0.28

404.42 ± 25.13
10.92 ± 1.96
15.96 ± 1.68
11.28 ± 1.07
7.38 ± 0.87
–

4.536
3.278
11.437
15.682
25.493
25.493

< .01
<.01
<.01
<.01
<.01
<.01

Table 3. Correlation between BNP and echocardiographic
results in all three PPHN subgroups.
LA
LV
RA
RV
VTR

r

P

0.568
0.432
0.527
0.503
0.524

.081
.102
.021
.005
.006

constantly increased from mild group to severe group
(p<.05). There were no significant differences in LA
and LV among groups (p>.05), while there were significant differences in RA, RV and VTR (p<.05) (Table 2).

Correlation between BNP and
echocardiographic results
BNP had no correlations with LA and LV (p>.05), but
had positive correlations with RA, RV and VTR in all
three PPHN subgroups (p<.05) (Table 3, Figures 1–5).

Discussion

Figure 1. Correlation analysis between BNP and LA.

The BNP level in each group was quickly detected using
the bedside immunochemical method, echocardiography
was performed, and LA, LV, RA, RV and VTR were recorded.

Statistical analysis
Statistical Product and Service Solutions (SPSS) 19.0
(SPSS Inc., Chicago, IL, USA) software was used for data
processing. Measurement data were presented as mean± standard deviation, and t test was adopted.
Enumeration data were presented as rate, and chisquare test was adopted. Pearson’s correlation coefficient analysis was performed for correlation. p<.05 suggested that the difference was statistically significant.

Results
Comparisons of BNP and echocardiographic
results among groups
The BNP level in control group was significantly lower
than those in three PPHN subgroups, and it was

PPHN often occurs in full-term or post-term infants, but
its incidence rate is low in premature infants. The clinical
manifestations of PPHN include dyspnea, severe purpura
and hypoxemia [9]. At present, there has been no consensus yet on the pathogenesis of PPHN, and it is generally believed that PPHN starts from the pulmonary
arteriolar injury, causing dysfunction and abnormalities
in vascular cytokines and active substances, and leading
to changes and disorders of normal balance of vasomotor factors. It is manifested as pulmonary vasoconstriction in the initial stage, and develops into
pathological changes in pulmonary vascular wall and
pulmonary vascular remodeling, eventually leading to
pulmonary hypertension [10,11]. There are no typical
clinical manifestations of PPHN in the early stage, and
middle-advanced heart failure has usually occurred once
diagnosed, so the treatment is difficult and the mortality
rate of child patients is higher [12]. However, previous
studies have identified several risk factors for the prediction of PPHN, such as low birth weights, patent ductus
arteriosus ligation, respiratory support [13,14]. Therefore,
the early diagnosis of PPHN is extremely important, and
timely treatment can obviously improve the prognosis
of child patients. A noninvasive, simple and accurate
monitoring method is required in clinic due to the particularity of the newborn, so as to provide a basis for
clinical diagnosis and treatment.
Echocardiography is an important evaluation means
of cardiac function, which can accurately measure the
ventricular wall thickness, cardiac chamber size,
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Figure 2. Correlation analysis between BNP and LV.

Figure 3. Correlation analysis between BNP and RA.

Figure 5. Correlation analysis between BNP and VTR.

were no significant differences in LA and LV among
groups (p>.05), but there were significant differences
in RA, RV and VTR (p<.05). The reason is that the
development of neonatal sympathetic nerve is immature, the number of sarcomere in the unit volume of
ventricular myofiber is small, and the cardiac contractility is prone to abnormality under the influence of
external factors (asphyxia, infection, etc.). The
increased pulmonary arterial pressure in PPHN patients
will lead to the increase in right ventricular load, ventricular dilatation and involvement of right heart function, so that both ejection and filling time declines,
coronary arterial blood perfusion is reduced, and myocardial cells are damaged, eventually resulting in the
decline in the whole function of right ventricle and
constantly increasing RA and RV [18]. The decreased
myocardial contractility in PPHN patients will reduce
the rising velocity of right ventricular pressure, and
the tricuspid valve will also increase with the enlargement of right atrium and ventricle, eventually delaying
the opening of the tricuspid valve and closing it in
advance, and increasing the pressure and VTR [19].

Figure 4. Correlation analysis between BNP and RV.

volume and main pulmonary arterial pressure [15].
Echocardiography is a noninvasive examination
method without radioactivity, and it has been applied
increasingly more simply with the constant development of echocardiography techniques. Besides, it can
be performed at the bedside, which is highly applicable and safe especially for the newborn [16].
Echocardiography reflects the pulmonary arterial pressure through measuring the blood flow direction and
velocity, and it can be performed repeatedly, so that it
can diagnose and dynamically monitor PPHN. In the
newborn, there is little fat, the chest wall is thin, and
the acoustic window is good, so the ultrasonic image
is satisfactory, well assisting the understanding of the
progression and outcome of disease without adverse
effects [17]. Results of this study revealed that there

Conclusion
BNP is a member of the NP system and the B-type NP,
which can promote urine and sodium excretion, exert
a potent vasodilatory effect and reflect the cardiac
dysfunction [20]. Results of this study manifested that
the BNP level in control group was significantly lower
than those in three PPHN subgroups, and it was constantly increased from mild group to severe group
(p<.05). The reason is that in the early stage of ventricular decompensation of PPHN patients, although
the systolic function is still normal, large quantities of
BNP will be secreted under the stimulation of pulmonary hypertension, and there will be explosive secretion
with the increasing severity of disease [21]. In this
study, BNP had no correlations with LA and LV
(p>.05), but had positive correlations with RA, RV and
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VTR (p<.05), indicating that the secretion of BNP is
closely related to RA and RV, because the increase in
ventricular wall tension and ventricular load is a major
regulator for the production and release of BNP. When
both RA and RV constantly increase in PPHN patients,
ventricular volume load and ventricular wall tension
will also increase, thereby greatly activating the NP
system and leading to the constant release of
BNP [22].
In conclusion, echocardiography can effectively
evaluate the cardiac function of PPHN patients. BNP
can better reflect the condition of PPHN patients,
which is closely related to the characteristics of cardiac
function displayed by echocardiography, so it is of
great value in guiding the clinical treatment of PPHN.
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