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جامعه سالمنوزاد سالم   

- For breath is life, and if you breathe well you will live long on earth
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INTRODUCTION  & DEFINITION : PPHN

* its prevalence ,(2 per 1000 live births) .

* The vast majority of infants with PPHN are born at term or near term, although 

approximately 2% of cases are born prematurely. 

* Despite the common terminology, pulmonary hypertension of the newborn and primary 

pulmonary hypertension in adults are quite distinct diseases.

*Contrary to pulmonary hypertension in adults, the newborn syndrome is not defined by a 

specific level of estimated PAP to define PH but rather,

- PPHN is defined physiologically by hypoxemia due to the demonstration of predominant 

right-to-left shunt, as best defined by echocardiography

1/7/2022 MARZBAN  tehran  nozad  congress  400 10  PPHN 5



* When systemic vascular resistance (SVR) is higher than pulmonary vascular resistance (PVR), there is no right-to-left 

shunt. 

* When PVR is close to or exceeds SVR, variable right-to-left shunt at foramen ovale and ductal levels results in labile 

hypoxemia
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DEFINITION AND CLASSIFICATION:
Pulmonary Hypertension with normal lung parenchyma:
mean pulmonary artery pressure (PAP) greater than 20 mm Hg
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BMPR2 gene 



Etiology/ Persistent Pulmonary Hypertension of the Newborn

* Persistently elevated PVR is classified into three separate categories :

1.  neonatal  maladaptation :                              (e.g., asphyxia, MAS, sepsis)

2.  pulmonary maldevelopment & remodeling (e.g., chronic fetal hypoxia, premature 

closure of the ductus arteriosus) 

3.  pulmonary underdevelopment (e.g., pulmonary hypoplasia,CDH). 

In this classification only underdevelopment and maldevelopment pulmonary hypertension are 

associated with abnormalities of smooth muscle development.
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• Developmental Pulmonary Vascular:

In the normal fetal and term lung, fully muscularized thick-walled pre acinar arteries extend to the level of 

terminal bronchioles, whereas the intra-acinar arteries (i.e., those accompanying respiratory bronchioles) are partially 

muscular (surrounded by a spiral of muscle) or non muscular. 
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A pulmonary artery in an infant with severe persistent pulmonary hypertension of the newborn shows an increase in the thickness of the 
muscular layer and distal extension of muscle



ETIOLOGY/    1. Underdevelopment

* Underdevelopment pulmonary hypertension is associated with pulmonary hypoplasia which leads to a 

decreased cross-sectional surface area of the pulmonary vascular bed.

* In addition, underdevelopment pulmonary hypertension is frequently associated with maldevelopment of 

the pulmonary vasculature.

* Infants with maldevelopment pulmonary hypertension frequently present with evidence of poor placental 

function and poor adaptation to their extrauterine environment
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ETIOLOGY/ 2. Pulmonary vascular remodeling/ mal development

• The increase in vascular smooth muscle and its peripheral extension can occur either 

prenatally or postnatally.

• In utero ductal ligation 1 to 2 weeks prior to delivery results in severe PPHN at birth . It is 

believed that in these cases, the maintenance of pulmonary  vasoconstriction with an 

increase in pulmonary artery pressure for a prolonged period of time leads to vascular 

remodeling. (during the first 7 to 14 days after birth)

• Increased muscularization of the pulmonary arteries has been described in infants with 

severe meconium aspiration syndrome (MAS) with PPHN.
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2. Disorders may predispose to vascular mal development.

1.   Severe  MAS, congenital pneumonia ,sepsis, …..

2.  premature closure of the ductus arteriosus, (NSAIDs) in pregnancy or 

3.  exposure to drugs during the fetal period,  selective serotonin reuptake inhibitors ,  

fluoxetine

4.  Perinatal asphyxia

5.These diseases have a chronic characteristic, which develops during fetal life as in cases of 

placental dysfunction associated with chronic fetal hypoxemia,
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3. Neonatal /At the time of birth:



Neonatal alterations / In utero  & at birth

*It is now well recognized that the suppression of NO and PGI2 actions as a result of 

the :   

1. low oxygen tension  and   

2. low pulmonary blood flow is critically involved in the maintenance of the high PVR 

in the fetal lung.
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Neonatal Hemodynamic alterations during birth

• the pulmonary arterial pressure rapidly drops to 50% of the systemic pressure, and pulmonary 

blood flow increases by approximately ten times with the onset of respiration. *The most critical 

signals for transition are: 

1. Mechanical distension of the lung is known to regulate the synthesis of NO in the fetal circulation.

2. Initial increase in pulmonary blood flow in response to ventilation or oxygenation. 

3.  clamping of the umbilical cord.

4. Rising pO2 in the lungs, Oxygen stimulates : The activity of both e NOS and COX-1 .
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3. Neonatal maladaptive forms / At birth/  pulmonary Vasoreactivity

These pathologies show disequilibrium in the balance of 

vasoactive substances, with 

a predominance of vasoconstrictor

substances over vasodilators.

* IN  Endothelia CELL  , the roles of  molecular pathways for  the mechanisms underlying the 

regulation of the fetal and newborn pulmonary circulation: 

1. NO   pathway,     2.  Prostacyclin   pathway, and      3. Endothelin pathway. 
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3. Neonatal maladaptive forms/ stress / At birth :

• This category is usually associated with diseases or conditions of acute characteristics, 

such as:       1. TTN   2. RDS 

3. perinatal asphyxia, 4.sepsis, (GBS) ,      5. Pneumonia    6. MAS 

7. metabolic acidosis 8. PPROM, 9. (CHD).

may release inflammatory mediators that induce vasoconstriction. 
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Recent data from California suggest that: infection (30%), MAS (24%), idiopathic (20%), RDS (7%), and CDH 

(6%) are the 5 leading causes of PPHN. In these cases, it can be difficult to separate chronic intrauterine 

remodeling from acute pulmonary vasoconstriction due to parenchymal lung disease. A practical list of 

congenital and acquired causes of PPHN with mnemonics is shown.



Myocardial dysfunction with elevated PVR

*Severe LV dysfunction may also impair LV filling due to poor compliance, which can lead to 

increased left atrial and pulmonary wedge pressure resulting in pulmonary venous hypertension



The pathophysiology of PPHN is complex, multifactorial, and dynamic

*  A physiology-based approach toward PPHN is essential to decrease morbidity and mortality.

Myocardial dysfunction with elevated PVR:

1: Right ventricle (RV) DYSFUNCTION : Persistently elevated PVR results in hypertrophy of right 

ventricle (RV) from pumping of blood against high vascular resistance. If elevated PVR persists 

or worsens, 

it may lead to impaired RV function and RV dilatation, and in severe cases it can lead to in RV 

failure, which may further decrease PBF and worsen hypoxemia. 



The pathophysiology of PPHN is complex, multifactorial, and dynamic

Myocardial dysfunction with elevated PVR: 2. left ventricle (LV) dysfunction:

In severe cases of PPHN, this becomes a vicious cycle until altered pathophysiology is changed. 

RV dysfunction may impair left ventricle (LV) function because of interventricular functional 

independence. 

Poor LV function may decrease LV cardiac output and systemic blood flow, leading to poor end-

organ perfusion and acidosis, and hence worsening of PPHN.

* Severe LV dysfunction may also impair LV filling due to poor compliance, which can lead to 

increased left atrial and pulmonary wedge pressure resulting in pulmonary venous hypertension



Oxygen is one of the amost potent pulmonary vasodilators

* Oxygen is one of the most potent pulmonary vasodilators .

*exposure to extreme hyperoxia promotes formation of ROS and may lead to lung injury. 

*The animal studies demonstrated that even brief exposure to 100% oxygen in newborn 

lambs increased the contractility responses of pulmonary arteries and resulted in formation of 

superoxide anions and reduced response to INO, &*In addition to direct inactivation of NO, ….

# Avoiding hypoxemia and hyperoxia by mechanical ventilation is the mainstay of PPHN 

management.



Elective  cesarean section

* Delivery by elective cesarean section delays the decrease in pulmonary arterial pressure 

and increases the risk of PPHN,and delivery before 39 weeks’ gestation likely amplifies this 

effect. 

* Maternal diabetes, asthma, black or Asian race, and high body mass index are also 

important risk factors.



Malignant TTN published in final edited form as: Neo reviews. 2015 December 

*(TTN) has been associated with PPHN. For example, after elective cesarean delivery, newborns with TTN who 

have hypoxemia may be given high concentrations of inspired oxygen (approximately 100%) by hood or nasal 

cannula (without any positive pressure). 

* Furthermore, the formation of reactive oxygen species from the high alveolar oxygen can lead to increased 

pulmonary vascular reactivity, thereby contributing to PPHN. 

*The term malignant TTN has been used to describe severe respiratory morbidity and subsequent mortality in 

newborns delivered by elective cesarean delivery who developed PPHN. 

* One possible strategy when managing these newborns (and to prevent malignant TTN) may be early use of 

distending pressure (such as CPAP ,when FIO2 exceeds 0.5– 0.6) to inflate and recruit the lungs vs merely 

administering high amounts of oxygen without positive pressure. 



Pulmonary Hypertension in Premature Infants : early and late PH, 

*Early PH : 

Some Extremely preterm infants with RDS present with PPHN in the first few days after birth , extremely 

preterm birth is associated with high rates of early pulmonary hypertension (PH), particularly when 

associated with oligohydramnios, IUGR, prolonged rupture of membranes .

* echocardiographic findings consistent with early PH, such as ventricular septal wall flattening and right 

ventricle dilation, were found in ~40% of extremely low birth weight babies at 7 days of age and predicted 

BPD and late PH.

*late PH:

preterm infants with (BPD) may be diagnosed as having pulmonary hypertension later in the hospital 

course or after discharge from the NICU.. 



DIAGNOSIS OF PPHN:

*The initial evaluation should include : 1. history of risk factors for PPHN, 2.  physical examination, 3.chest 

radiography, and    4. arterial blood gas analysis.  5. preductal (right upper limb) and post-ductal (lower limb) 

oxygen saturation, 

* Pre- and post-ductal oxygen saturation and PaO2 measurements can help in differentiating PPHN from 

cyanotic CHD. * Saturation differences of greater than 5% to 10% or  PaO2 differences of 10 to 20 mm Hg 

between right upper limb and lower limbs, with preductal levels being higher than post-ductal levels, are 

considered significant.

* Hypoxemia is often labile in PPHN, unlike fixed hypoxemia seen in cyanotic CHD.

*Hypoxic respiratory failure is a hallmark feature of PPHN, but differentiating cyanotic CHD from PPHN is 

critical in a hypoxemic infant.



1.  chest radiography/ Hypoxemia disproportionate to the severity of parenchymal disease on chest radiography 

suggests idiopathic PPHN (or cyanotic heart disease)



The hyperoxia test:

* With the availability of bedside echocardiography, the hyperoxia test is seldom 

performed but can be helpful when echocardiography is not available.

* The hyperoxia test may be useful in differentiating the cardiac causes from respiratory 

causes in cyanotic newborns.

* Oxygen should be administered through a plastic hood for at least 10 minutes to fill the 

alveolar spaces completely with oxygen.

* In a cyanotic CHD case, the rise in PaO2 is usually no more than 10 to 30 mm Hg and 

hardly ever exceeds 100 mm Hg. With pulmonary diseases, PaO2 often rises more than 100 

mm Hg;   



Echocardiography:
# Echocardiography is the gold standard to confirm the diagnosis of PPHN, 

*It can help in assessing the severity of PPHN. Pulmonary artery systolic pressure (PASP) can be 

estimated using Tricuspid Regurgitation velocity or ductus arteriosus shunt when present.

* and can guide the choice of appropriate pulmonary vasodilator and vasoactive therapy.

*We recommend serial echocardiography assessment to monitor the disease 

progress, changing pathophysiology and response to treatment in PPHN, especially 

in infants with moderate to severe PPHN with hemodynamic instability



GENERAL SUPPORTIVE MANAGEMENT

General management principles for the newborn with PPHN include :

1. maintenance of normal temperature,  2. electrolytes (particularly calcium and magnesium), 

3. glucose, 4. nutritional support,    5. avoidance of stress, 6. maintaining good hemostasis (Hb

>140 g/L), 7. sedation and analgesia as needed. 8. empirical antibiotic therapy

* Hyperventilation and infusion of alkali were used in the past but should be avoided because of 

adverse effects on cerebral perfusion and increased risk of sensorineural deafness.

* Paralysis should be avoided if possible because it has been associated with increased 

mortality.



SUPPORTING SYSTEMIC BLOOD PRESSURE

*Hypotension in critically unwell infants with PPHN should be treated promptly and most 

clinicians, including the authors, would support systemic blood pressure with vasoactive 

medications such as epinephrine, norepinephrine, dobutamine, low-dose dopamine, or 

vasopressin.

* Maintaining systemic pressure at a reasonable level (for example approximately 50 mm Hg in 

a term infant) may help in reversing shunt direction across ductus arteriosus, from right-to-left 

to left-to-right.

* These medications should be weaned off as soon as possible and this can be guided by 

functional echocardiography



OXYGEN SATURATION TARGETS ,   However, despite high FiO2 and PaO2, no further reduction in PVR was observed 

compared with 93% to 97% achieved SpO2.



MECHANICAL VENTILATION:

* Underinflation and overinflation of the lung will lead to elevation of PVR .

* Optimal lung recruitment (8–9 posterior-rib expansion on an inspiratory chest radiograph) 

decreases PVR. 

* pH >7.25, preferably 7.30 to 7.40, during the acute phase of PPHN is recommended.

# Gentle ventilation strategies with optimal PEEP, relatively low PIP or tidal volume, and a 

degree of permissive hypercapnia are recommended.  

*the combination of high-frequency ventilation and iNO resulted in the greatest 

improvement



SURFACTANT THERAPY

* In patients with PPHN secondary to parenchymal lung disease, early administration of 

surfactant and lung recruitment is associated with better outcomes and reduced risk of ECMO 

or death.

* A recent randomized trial of surfactant + IN0 , compared with iNO alone in PPHN showed 

less progression of hypoxemia.



PULMONARY VASODILATOR THERAPY

Inhaled Nitric Oxide:

* iNO is a potent and selective pulmonary vasodilator; it is considered as the first-line 

therapy to decrease PVR in infants with PPHN needing mechanical ventilation. 

* iNO is the only therapy approved by the US Food and Drug Administration for clinical use 

in term or near-term newborn infants (>34 weeks’ gestation) with hypoxemic respiratory 

failure with clinical or echocardiographic evidence of PPHN.



Effect of lung inflation, surfactant, and iNO on PVR:



Effect of, surfactant, & Ino /  only ino



Sildenafil  /  second-line

*Sildenafil is a PDE5 inhibitor and causes pulmonary vascular dilatation . *It should be started in infants with

poor or no response to iNO or  when iNO therapy is not available. 

* The intravenous route is preferred over the oral route in critically unwell infants. However, intravenous 

infusion may lead to systemic hypotension, so blood pressure should be monitored closely. 

# It may be considered as a second-line pulmonary vasodilator therapy in infants with stable blood pressure 

and good ventricular function, especially in the presence of a right-to-left shunt at the PFO and/or patent ductus 

arteriosus (PDA) levels. 

*In facilities without access to iNO, studies have demonstrated that oral sildenafil improves oxygenation and 

reduces mortality.   * FDA, safety warning in (infants were older than 1 year)…



Milrinone

Milrinone is a PDE3A inhibitor and increases cAMP levels, resulting in 

pulmonary vascular vasodilatation .

*If blood pressure is normal but there is evidence of ventricular dysfunction, 

*It may be used in infants in whom iNO is contraindicated, such as in the 

presence of LV dysfunction and evidence



Milrinone:

* We recommend using intravenous infusion without loading dose in neonates because of 

the risk of systemic hypotension.

* before commencing milrinone infusion, especially if decreased preload is suspected,

1.  10 mL/kg fluid bolus may be given or

2. low dose of epinephrine



Role of   PROSTAGLANDIN E1 in management of  PPHN  of the newborn

*Critically unwell infants with RV dysfunction may benefit from a PDA, which can work as a 

“pop-off” valve in cases with severely elated PVR. 

* In infants with a constricting PDA,  prostaglandin E1 will open the ductus arteriosus and 

keep in patent.

* This will decrease the RV afterload by allowing right-to-left shunt.



Cardiac pathophysiology in PPHN.   (A) In severe PPHN, the PFO and PDA shunt right to- left with IVS bulging to the left decreasing LV preload. 

Extremely high RV afterload leads to uncoupling of RV function leading to RV dilation. An open PDA might benefit the RV by providing a pop-off 

mechanism to reduce RV afterload.     (B) I NOreduces PVR and reduces RV afterload and milrinonecan improve RV function leading to synergy with 

ductal patency maintained by intravenous prostaglandin E1 (PGE1).
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BCTS is not sensitive for detecting changes in the central gray nuclei, 

which is the most common problem in full- term infants with HIE.

MRI is a very  sensitive tool for  detecting abnormal signal at the post. 

Limb of the internal  capsule that is very high predictive value for 

outcome.
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ما زنده به آنیم که آرام نگیریم 

آسودگی ما عدم ماستکهموجیم 
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