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ABSTRACT 

Background. Persistent Pulmonary Hypertension of the Newborn (PPHN) is a potentially life-

threatening condition caused by abnormal postnatal transition from fetal to neonatal circulation. 

The COVID-19 pandemic and genetic syndromes, such as trisomy 21, have highlighted new chal-

lenges in its diagnosis and treatment. 

Aim. To analyze clinical observations of the development of persistent fetal circulation of 

various origins in full-term newborns, to spread awareness among the medical community regar-

ding the features of the diagnosis of this pathological condition after birth by analyzing the causes 

of cardiovascular system dysfunction, the difficulties of diagnosis in modern conditions. 

Materials and Methods. The study was based on clinical and instrumental examinations of 

neonates diagnosed with PPHN in the early neonatal period. Doppler echocardiography, pulse 

oximetry, and standard clinical assessment were used. Two clinical cases of PPHN in a newborn 

from a mother with COVID-19 (COronaVIrus Disease 2019) and in newborn with trisomy 21 

were analyzed. 

Results and Conclusions. In the first case, maternal COVID-19 infection resulted in impaired 

maternal-placental circulation, fetal hypoxia, and impaired pulmonary adaptation of the newborn 

with severe PPHN requiring intensive support. In the second case, PPHN in a neonate with tri-

somy 21 was prolonged and characterized by poor response to standard therapy. The results of 

the study emphasize that the pathogenesis of PPHN varies depending on the etiology – infectious 

or genetic and is accompanied by ventricular dysfunction. An interdisciplinary approach is im-

portant for timely assessment of signs of heart failure with early echocardiographic assessment 

and changes in treatment. Further studies are needed to develop early diagnostic and treatment 

algorithms. 
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Ao diameter – Aorta diameter. 

COVID-19 – COronaVIrus Disease 2019. 

Doppler EchoCG – Doppler Echocardiography. 

FS – linear Fractional Shortening. 

HR – Heart Rate. 

IVSd – Interventricular Septum thickness,  

Diastole. 

LAD – Left Atrial Diameter. 

LVEDd – Left Ventricle End Diastolic diameter. 

 

 LVEF – Left Ventricular Ejection Fraction. 

LVPWd – Left Ventricular Posterior Wall 

thickness in diastole. 

PAD – Pulmonary Artery Diameter. 

PDA – Patent Ductus Arteriosus. 

PG – Pressure Gradient. 

PG AoV – Pressure Gradient Aortic Valve. 

PG Desc Ao – Pressure Gradient  

in the Descending Aorta. 

PG РV – Pressure Gradient Pulmonary Artery 

Valve. 

PPHN – Persistent Pulmonary Hypertension  

of the Newborn. 

RAD – Right Atrial Diameter. 

RVEDd – Right Ventricle End-Diastolic  

diameter. 

SARS-CoV-2 – Severe Acute Respiratory 

Syndrome Coronavirus 2. 
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Introduction 

Persistent pulmonary hypertension of the new-

born across various gestational ages remains a cri-

tical issue, as it is a potentially life-threatening 

condition. This underscores the importance of 

timely recognition and specialist care [1]. PPHN 

(also known as persistent fetal circulation) results 

from the abnormal transition from fetal to neona-

tal circulation in the early neonatal period [2]. This 

syndrome is characterized by a pathological rise 

in pulmonary artery pressure due to pulmonary 

vascular malformations, maladaptation to postna-

tal circulation, or impaired development or growth 

of the newborn [1; 2], such as prematurity or in-

trauterine growth retardation. The condition invol-

ves postnatal persistence of right-to-left shunting 

at the level of the patent foramen ovale and patent 

ductus arteriosus in the presence of increased pres-

sure in the right ventricle [3; 4].  

PPHN can be primary or secondary. In the pri-

mary type, morphological changes in the vessels 

lead to high pressure in the right ventricle and pul-

monary circulation. Secondary PPHN is charac-

teristic of newborns with various somatic patholo-

gies, as a result of which hypoxia and acidosis 

cause pulmonary vasoconstriction and increased 

pressure in the pulmonary circulation [3; 4]. 

Etiologies include parenchymal lung diseases 

(e.g., meconium aspiration syndrome, congenital 

pneumonia, respiratory distress syndrome, sepsis) 

[2]. Separately, idiopathic persistent pulmonary 

hypertension in newborns is considered, the cause 

of which is excessive thickness of the smooth 

muscles of the pulmonary vessels. Sometimes dif-

ferent etiological factors are combined.  

Despite its multifactorial origin, recent epide-

miological studies have demonstrated that PPHN 

is associated with antenatal events (preeclampsia, 

chorioamnionitis, and other perinatal causes). 

These lead to abnormal growth and dysfunction of 

the pulmonary vessels and may increase the risk 

of developing pulmonary arterial hypertension in 

later life [5].  

If persistent pulmonary hypertension is sus-

pected, one of the necessary diagnostic methods is 

Doppler echocardiography, as it can confirm the 

presence of right-to-left shunting and can assess 

the severity of pulmonary hypertension. [4; 6].  

The consequences of persistent pulmonary hy-

pertension can be diverse (cardiorepiratory failu-

re, chronic lung disease, cerebral infarction), lea-

ding to specific motor and/or cognitive deficits or 

death [1; 4]. 

 The aim of the study was to analyze clinical 

observations of the development of persistent fetal 

circulation of various origins in full-term new-

borns, to spread awareness among the medical 

community regarding the features of the diagnosis 

of this pathological condition after birth by ana-

lyzing the causes of cardiovascular system dys-

function, the difficulties of diagnosis in modern 

conditions. 

Materials and Methods  

The study was based on the analysis of our own 

clinical observations. Clinical and instrumental 

examinations were performed in newborns with 

persistent pulmonary hypertension in the early ne-

onatal period. The complex of clinical and diag-

nostic measures included: clinical research meth-

ods, Doppler echocardiography, pulse oximetry. 

To achieve the set goal, comparative descriptive 

and analytical methods were used. 

The parents of the examined newborns were 

informed about the clinical and instrumental study 

and gave their consent to its conduct. The Ethics 

and Bioethics Commission of Kharkiv National 

Medical University established that the mentioned 

studies were conducted in accordance with the 

ethical norms and principles controlling human 

medical research. 

Results 

Clinical case 1. 

Newborn O., (birth weight 3050 g, length 52 cm, 

head circumference 37 cm, thoracic circumferen-

ce 36 cm, Apgar score 6/7) was born from the se-

cond pregnancy with an uncomplicated course, 

the second physiological birth at a gestational age 

of 38 weeks. Four days before the birth, the mo-

ther fell ill with COVID-19 of moderate severity, 

and had a fever during childbirth. Prenatally, dur-

ing ultrasound screenings, no cardiovascular sys-

tem pathology was detected in the fetus. 

After birth, the child's condition was severe 

due to the development of cardiovascular disor-

ders (marble skin, episodes of desaturation up to 

84% with agitation). There was persistent central 

cyanosis. Oxidant test detected refractory hypo-

xemiae, the HR was 60 bpm, auscultation above 

the lungs showed puerile breathing. On ausculta-

tion, the heart sounds were rhythmic, and the sys-

tolic murmur was detected in the 2nd intercostal 

space on the left, as well as at the projection point 

of the mitral and tricuspid valves, 2nd/3rd according 

to the gradation of the intensity of heart murmurs 

according to Levin’s scale [7], The HR was [128–

160] bpm, and blood pressure was 70/38 mmHg. 
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The abdomen was soft and painless. Pulsation on 

the femoral arteries was present. According to the 

data on the acid-base balance, metabolic acidosis 

was revealed. 

Doppler echocardiography (Fig. 1) showed 

the following measurements: LVEDd 13.7 mm, 

IVSd 3.4 mm, LVPWd 4.6 mm, LAD 10.9 mm, 

RVEDd 12.4 mm, RAD 14.0 mm, LVEF 60%, FS 

30%, Ao diameter 9.0 mm, PG Desc Ao 8.5 mmHg, 

PG AoV 3.5 mmHg, PAD 11.0 mm, PG РV 3.8 

mmHg.  

 

 
 

Fig. 1. Newborn O., 1 day of life. Dilatation  

of the right chambers, mainly the right atrium,  

tricuspid regurgitation of the 3rd degree,  

right-left shunt at the level  

of the patent foramen ovale. 

 

Blood flow in the abdominal aorta was pulsa-

tile, with a maximal flow velocity (Vmax) of 46.0 

cm/s. There was right ventricular dilation; tricus-

pid regurgitation of the 2nd degree, mitral regur-

gitation of the 1st degree (PG of the regurgitation 

jet was 55 mm Hg). The average pressure in the 

pulmonary artery trunk was [58–60] mm Hg. The 

PDA was functioning, 2.6 mm; the patent foramen 

ovale was 2.9 mm, right-left shunt. Diastolic dys-

function of the ventricles was of abnormal relaxa-

tion type. Persistent pulmonary hypertension of 

the newborn, severe pulmonary hypertension with 

right-to-left shunt through PDA and foramen ova-

le were diagnosed. Therapy included compliance 

with the warm chain, control of normovolemia, 

 respiratory support, correction of electrolyte, glu-

cose, calcium, and magnesium levels; administra-

tion of diuretics according to weight and water 

balance, as well as monitoring of acid-base ba-

lance, blood pressure, saturation, and indicators of 

central hemodynamics. On the third day, the child's 

condition stabilized; Doppler EchoCG showed 

a decrease in the linear dimensions of the right 

chambers, a functioning PDA with a diameter of up 

to 1.2 mm, a patent foramen ovale, 2.8 mm, left-

right shunt, LVEF 64%, FS 32%. The average 

pressure in the pulmonary artery trunk was [32–

34] mmHg. 

Clinical case 2. 

Newborn J. (birth weight was 3200 g, length 

51 cm, head circumference 37 cm, thoracic cir-

cumference 36 cm, Apgar score 6/7 points) was 

born from the third uncomplicated pregnancy and 

third physiological birth at 39 weeks of gestation. 

No pathologies of the cardiovascular system were 

detected in the fetus during prenatal ultrasound 

screenings. 

After the birth, the child's condition was severe 

due to the development of cardiovascular disor-

ders (marble skin, episodes of desaturation up to 

76%), and persistent central cyanosis. The child's 

phenotype is trisomy 21. On clinical examination, 

saturation was [76–78]%. Oxidant test demon-

strated refractory hypoxemia, HR of 60 bpm; aus-

cultatory findings above the lungs, and puerile brea-

thing were detected. On auscultation, the heart 

sounds were rhythmic, and a systolic murmur was 

heard in the 2nd intercostal space on the left, at the 

point of projection of the tricuspid valves, 2nd/3rd 

according to the gradation of intensity of heart 

murmurs corresponding to Levin’s scale [7], and 

splitting of the second sound over the pulmonary 

artery was revealed, with an HR of [130–160] bpm. 

Blood pressure was 74/37 mmHg. The abdomen 

was soft and painless. Liver was +2 cm below the 

costal arch. Acid-base balance was comsistent with 

metabolic acidosis.  

Chest X-ray (Fig. 2) revealed cardiomegaly, 

cardiothoracic index (CT ratio or CTR) – 0.75; 

and thymomegaly. 

Ultrasound examination of the heart (Fig. 3) 

demonstrated LVIDd 16.8 mm, IVSd 3.6 mm, 

LVPWd 4.6 mm, LAD 12.1 mm, RVIDd 14.8 

mm, RAD 14.9 mm, EF [58–60]%, FS [28–30]%, 

Ao diameter 9.7 mm, PG Desc Ao 9.1 mm Hg, PG 

AoV 3.9 mm Hg, PAD 11.6 mm, PG PV 3.6 mm 

Hg. Blood flow in the abdominal aorta was pulsa-

tile, with a maximal flow velocity (Vmax) of 41.0 

cm/s. There was right ventricular dilation; tricus- 
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Fig. 2. Newborn J., 1 day of life. Thymomegaly, 

cardiomegaly. CTR 0.75. 

 

 

 
 

Fig. 3. Newborn J., 1 day of life. Right  

ventricular dilatation, third-degree tricuspid  

regurgitation, excision of the MPP  

into the left atrium (right-left shunt at the level 

of the patent foramen ovale). 

 
 

pid regurgitation of the 2nd–3rd degree, PG of the 

regurgitation jet was 63 mm Hg. The average pres-

sure in the pulmonary artery trunk was [65–70] 

mm Hg. PDA was 3.1 mm, patent foramen ovale 

was 3.9 mm, and the right-left shunt. Diastolic 

ventricular dysfunction was classified by the type 

of abnormal relaxation. It was found that persis-

tent pulmonary hypertension of the newborn, se-

vere pulmonary hypertension with right-to-left 

shunt through PDA and foramen ovale. Therapy 

 according to modern standards of neonatal mana-

gement included maintenance of warm chain, con-

trol of normovolemia, respiratory therapy, correc-

tion of electrolyte disorders, glucose, administra-

tion of diuretics under control of weight and water 

balance, daily monitoring of acid-base balance, 

blood pressure, saturation, central hemodynamics, 

mean pressure in the pulmonary artery trunk and 

direction of shunting at the level of fetal commu-

nications. The disease had a wave-like course with 

episodes of desaturation, systolic and diastolic 

dysfunction, with a decrease in EF to 56% and 

long-term preservation of bidirectional shunting at 

the level of the patent foramen ovale. On the sixth 

day, the child's condition stabilized, with a de-

crease in the linear dimensions of the right ventri-

cles on the Doppler EchoCG, PDA with a diame-

ter of up to 1.4 mm, a patent oval foramen of 3.8 

mm, left-right shunt, LVEF 62%, FS 31%, mean 

pressure in the pulmonary artery trunk [34–35] 

mm Hg. 

Discussion 

Our knowledge on the impact of maternal 

COVID-19 infection on the development of neo-

natal persistent pulmonary hypertension is lim-

ited. An increase in the number of cases of PPHN 

in full-term and premature infants has been iden-

tified during the COVID-19 pandemic. According 

to the results of the examinations, if a pregnant 

woman is sick with COVID-19, the risk of prem-

ature birth increases, which disrupts an important 

stage of adaptation of the child, the beginning of 

pulmonary breathing; due to prematurity, the level 

of surfactant in the lungs is reduced, which leads 

to the development of respiratory distress syn-

drome. Such newborns may also develop compli-

cations of respiratory adaptation, such as transient 

tachypnea [8]. 

The pathogenesis of COVID-19 is associated 

with the toxic effect of the virus on the vessels, 

which is accompanied by the destruction of the 

vascular endothelium and stimulation of the bo-

dy's hyperinflammatory response due to impair-

ment of the immune system regulation. The neo-

natal immune system responds to proinflamma-

tory cytokines transmitted from the mother, con-

tributing to vasoconstriction in the pulmonary cir-

culation. In turn, endothelial damage and hyperer-

gia can contribute to hypercoagulation accompa-

nied by the subsequent formation of micro- and 

microthrombi, as well as maladaptation of the an-

giotensin-converting enzyme-2 action. As a result, 

there is a decrease in the diffusing capacity of the 

lungs (restrictive ventilation disorders persist for 
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[3–6] months after recovery, as after acute respir-

atory distress syndrome) [9; 10]. 

Thus, placental SARS-CoV-2 infection dis-

rupts uteroplacental blood flow and leads to fe-

toplacental insufficiency, fetal hypoxia, and de-

layed development of pulmonary structures, 

which debuts with clinical manifestations of res-

piratory disorders. Impaired adaptation of pulmo-

nary circulation can lead to prolonged preserva-

tion of the fetal type of circulation because of en-

dothelial dysfunction and reduced nitric oxide 

production. This condition requires respiratory 

support, mechanical ventilation, or high-frequen-

cy oscillatory ventilation of the lungs with a highly 

oxygenated inhaled mixture, as well as sedative 

therapy due to severe hypoxemia. 

Hyperoxia test (breathing 100% oxygen for 

[10–15] minutes) can help distinguish persistent 

pulmonary hypertension and heart disease from 

lung parenchymal disease; however, it is not al-

ways performed due to the general availability of 

echocardiography and the potential adverse ef-

fects of hyperoxia [1]. 

It is also important to note the direct effect of 

the virus on the myocardium, pericardium, and 

cardiac conduction system due to the tropism for 

angiotensin-converting enzyme-2 receptors; thus, 

the immune response can cause cardiomyocyte 

death and lead to the replacement of desmosomal 

proteins with fibro-adipose tissue [11–13], which 

makes it advisable to dynamically monitor the 

state of the respiratory and cardiovascular systems 

in children in the first year of life after suffering 

persistent pulmonary hypertension. 

Children with trisomy 21 develop pulmonary 

hypertension, including immediately after birth as 

persistent pulmonary hypertension of the new-

born, with a frequency of up to 28%, which ac-

counts for [5–17]% of cases registered in interna-

tional pediatric pulmonary hypertension registries 

[14]. Studies have shown that patients with tri-

somy 21 are predisposed to the development of in-

creased pulmonary vascular resistance and pulmo-

nary arterial hypertension. The cause of this 

pathological condition is abnormal lung develop-

ment in conditions of reduced pulmonary vascular 

surface area and the presence of endothelial dys-

function with higher levels of endothelin-1 and 

lower levels of nitric oxide, increased hemody-

namic stress, increased pulmonary vascular re-

sistance, and postcapillary disease, which contrib-

utes to the development of persistent pulmonary 

hypertension and early progression of pulmonary  

 vascular transformation in patients with trisomy 

21 [15; 16]. Early pulmonary artery remodeling 

may occur due to congenital interferonopathy, in-

trinsic endothelial dysfunction, or other metabolic 

conditions. Increased hemodynamic stress may 

occur due to congenital heart disease or a func-

tioning patent ductus arteriosus, causing persistent 

pulmonary hypertension of the newborn. Increa-

sed pulmonary vascular resistance may occur due 

to acquired lung disease and abnormalities in the 

capillaries or postcapillaries [16]. 

It has been proven that the course of pulmonary 

hypertension in patients with trisomy 21 is usually 

associated with late closure of fetal communica-

tions, the development of persistent pulmonary 

hypertension, and is transient [17]. 

Thus, in newborns with trisomy 21, the course 

of persistent pulmonary hypertension tends to be 

prolonged, with periods of decompensation and 

poor response to standard therapy (ventilation, ex-

ogenous surfactant, diuretics, cardiotonic drugs). 

Conclusion 

1. The course of pulmonary hypertension of 

newborns in the early neonatal period largely de-

pends on its cause. 

2. The detection of PPHN cases during the 

COVID-19 pandemic indicates that the intraute-

rine impact of maternal COVID-19 infection, im-

paired maternal-placental circulation, and fetal 

hypoxia are key triggers for the development of 

persistent pulmonary hypertension in newborns, 

which affects the formation of fetal pulmonary he-

modynamics, in particular, an increase in pulmo-

nary vascular resistance and a disruption of its 

normal decrease after birth. 

3. Persistent pulmonary hypertension in chil-

dren with trisomy 21 syndrome is transient, and 

special clinical vigilance should be paid to the de-

tection and monitoring of myocardial function, 

since right ventricular dysfunction significantly 

worsens the prognosis. 

4. A multidisciplinary approach is crucial for 

the timely assessment of signs of heart failure, fa-

cilitated by early echocardiographic assessment 

and timely adjustments of therapy. 

Prospects for further research. To prevent 

the development of adverse long-term conse-

quences of persistent fetal circulation, it is im-

portant to continue research, including multicenter 

studies, with subsequent early development of an 

algorithm for early monitoring and treatment of 

persistent pulmonary hypertension in neonatal 

units during the COVID-19 pandemic. 
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