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Objectives:

• Explain the transition from fetal to 

neonatal pulmonary circulation

• Pathophysiology of PPHN

• Clinical manifestations

• Diagnosis

• Management





Normal oxygen 
saturations values in 
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Fetal pulmonary 
vascular 
development
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mediators of the 
pulmonary 
vascular 
transition



PPHN - Facts

• When the normal cardiopulmonary transition fails to occur, the result 

is persistent pulmonary hypertension of the newborn.

• Neonatal respiratory failure affects 2% of all live births

• Responsible for over 1/3 of all neonatal mortality.

• PPHN complicates the course of approximately 10% of infants with 

respiratory failure

• a source of considerable mortality and morbidity



PPHN - Facts

• Characterized by refractory and severe hypoxemia secondary to 

elevated PVR resulting in R-L extrapulmonary shunting of 

deoxygenated blood.



Pathophysiology 

• Maladaptation: pulmonary vessels have normal structure and number but 

have abnormal vasoreactivity due to lung parenchymal disease ( MAS, RDS, 

Pneumonia/Sepsis).

• Excessive muscularization: increased smooth muscle cell thickness and 

increased distal extension of muscle to vessels that are usually not 

muscularized (Idiopathic PPHN, CDH, antenatal ductal closure).

• Underdevelopment: lung hypoplasia associated with decreased pulmonary 

artery number (CDH, space occupying lesions in the chest, Oligohydramnios).

• Intravascular obstruction: Hyperviscosity due to polycythemia leading 

to intravascular obstruction and elevated PVR.



Lakshminrusimha , 2015



Other conditions associated with PPHN

• Maternal smoking and ingestion of aspirin or other NSAID

• Exposure to SSRIs during late gestation

• Ibuprofen administration in preterm infants

• Hypoglycemia

• Birth asphyxia

• Several case reports - congenital CMV infection, severe neonatal 

anemia, pulmonary overcirculation, AV anomalies – vein of galen.



Evaluation of infants with PPHN

• Respiratory Distress

• Labile SpO2 - poorly responsive to supplemental oxygen.
• Pulse oximetry with a difference of > 10 %  (higher in the right upper extremity 

compared to either lower extremity).

• CXR: depend on the primary disease associated with PPHN.

• Labs: hypoglycemia, hypocalcemia, polycythemia, or thrombocytopenia.

• A prospective cohort study - an initial BNP > 550 pg/ml was predictive of 
PPHN with a sensitivity of 85% and specificity of 100%.



CXR

Helpful but 

NOT diagnostic



Echo – What to look for?

• Crucial to exclude structural heart disease

• Determine the predominant direction of extrapulmonary shunting at 

DA/FO

• Bi-ventricular function and dilation

• Velocity of TR jet, acceleration of pulmonary arterial flow and 

position of the interventricular septum

• Pulmonary vein draining properly





Assessment of PPHN Severity

• AaDO2: difference between alveolar and arterial oxygen content

• AaDO2=((PATM−PH2O)×FiO2−PaO2)−PaCO2/RQ
• PATM (760 mmHg at sea level)

• PH2O refers to the pressure of vapored water (47 mmHg)

• FiO2

• Respiratory quotient (RQ)(0.8 or 1 )

ECMO: AaDO2 > 600 with maximal support

• Oxygen index(OI)=[MAP × FiO2/PaO2]×100

• OI ≥ 25: high-frequency oscillatory ventilation (HFOV) + inhaled NO (iNO)

• OI > 40: ECMO



Cardiopulmonary Interactions



Management Principles

• Maintenance of normal temperature

• Supportive Measures (correct acid base balance, minimal stimulation, sedation, 
normalize electrolytes particularly calcium, glucose, hemoglobin, and intravascular 
volume)

• Pulmonary vasodilation:

• Oxygen

• iNo

• PDE-I, Endothelin receptor blockers

• ECMO

• Optimize ventilation with lung recruitment

• Cardiovascular support when needed



Sedation 

• Infants with PPHN may breathe out of synchrony with the ventilator and 

become agitated.

• Agitation may further increase right-to-left ductal/atrial shunting, as well as 

catecholamine release, resulting in increased PVR.

• Minimal stimulation with eye covers

• Sedation with narcotics and benzos ( avoid routine paralysis)

• Fentanyl (1 to 4 μg/kg/hour infusion) or

• Morphine (0.05 to 0.1 mg/kg/hour infusion) for infants who are not hypotensive.



Correction of acidosis

• Historically aiming for alkalosis, induced either by hyperventilation or 

infusion of sodium bicarbonate 

• Produces transient effect of pulmonary vasodilation

• Reduces cerebral blood flow --->  association with 

neurodevelopmental impairment, including sensorineural hearing loss

• Ph> 7.25 

• Lactate < 3

• UO: >1 mL/kg/hr



Ventilation strategies

• Maintain PaO2 goal of between 50 and 80 mmHg

• Adequate MAP --> Lungs expanded between 8-9 ribs

• PaCo2 goal: 35-45 mmHg

• Pre ductal sats goal: low mid 90s or high 80s, post ductal > 70

• Surfactant therapy if needed

• Avoid Pneumothorax 



Pulmonary vasoactive agents



Inhaled Nitric Oxide

• iNO improves oxygenation and reduces the need for ECMO therapy

• Started when OI is 20-25

• Effective dose ranges from 5 to 20 ppm

• Approximately 1/3  of infants with PPHN fail to respond to iNO

• Response:
• Pao2 increased by 20 mmHg or O2 sat > 10%

• Higher iNO concentration:  methemoglobinemia and prolonged bleeding time

• No iNO-associated serious adverse effects

• Does not reduce the mortality, length of hospitalization or risk of neurodevelopmental 
impairment

• Can be turned off after 10 –20 min

• If used > 30-60 min , has to be weaned off



Phosphodiesterase Inhibitors

Sildenafil - PDE inhibitor type 5

• Has the potential to independently decrease PVR through cGMP- mediated 
vasodilation pathway and improve oxygenation

• Useful adjunct for infants with poor iNO responsiveness

• Has a systemic effect that can produce hypotension

• Facilitates iNo wean

• Can be used where iNo is not available

• Not approved for neonates by FDA



Phosphodiesterase Inhibitors

Milrinone - PDE inhibitor type 3 - increases cAMP - vasodilation

• Decrease pulmonary artery pressure and resistance

• Indications for use in PPHN: 
• LV dysfunction: decreases SVR, improves right cardiac output by reduction of afterload

• As an adjuvant use iNO: promoting the effect of vasodilation

• Inotropic/Lusitropic “inodilator” effects make it particularly effective with associated 
left ventricular dysfunction in PPHN patients

• Can cause profound hypotension



Synthetic prostacyclin analogs

• Iloprost or Treprostinil: Prostacyclin (PGI2) stimulates adenylate cyclase to increase 

cAMP level --> vasodilation, through a decrease in intracellular calcium concentration

• Used as a rescue therapy for infants with severe PPHN

• Vasodilator effects limited to pulmonary circulation, and its efficacy has been reported 

to be like iNO

• VLBW infants with RDS + severe pulmonary hypertension may benefit from inhaled 

iloprost

• a therapeutic option in newborns with PPHN when iNO and ECMO are not available

• Systemic hypotension



Endothelin receptor antagonists

• Endothelin-1 (ET-1), which is synthesized by vascular endothelial cell -> causes 

vasoconstriction.

• Bosentan is a non-selective ET-1 antagonist acting on both ET-A and ET-B 

receptors.

• In neonates, the evidence of bosentan use in PPHN is limited to 2 RCTs showing it 

could improve oxygenation in PPHN newborns without iNO exposure.

• Another multicenter trial revealed no additive effect of bosentan as adjuvant 

therapy to iNO.

Lai MY, Chu SM, Lakshminrusimha S, Lin HC. Beyond the inhaled nitric oxide in persistent pulmonary hypertension of the newborn. Pediatr Neonatol. 2018 Feb



Glucocorticoids

• Increases cGMP, lamb models of PPHN show how it improved arterial to 

alveolar ratios and attenuated oxidative stress

• Used as a rescue strategy prior to ECMO

• May be beneficial particularly in severe MAS

• Stabilizes systemic blood pressure and reduces R- L shunting in PPHN



Optimize hemodynamics

• Support both left and right ventricular function to enhance systemic 

O2 transport.

• PPHN is frequently associated with hypotension and low cardiac 

output.



Pressors

• Epi: Low dose – vasodilator effects, decrease afterload

• Norepi: Concern – in lamb models - pulmonary vessels are more 

reactive to 100% , but if warm shock can be trialed.

• Vasopressin: helps with vasodilation without inotropic effects, but 

Watch fluid retention/Na+, need to have appropriate ventricular 

function.

• Dopamine: falling out of favor, increases SVR, affecting those with 

LV dysfunction.







A female infant is born at 28 4/7 weeks’ gestation. The maternal history is significant for prolonged rupture of 
membranes with oligohydramnios since 21 weeks of gestation. An endotracheal tube is placed at 10 minutes of age for 
persistent hypoxemia despite an FiO2 of 1.0. Exogenous surfactant is administered. Chest radiography is performed on 
admission to the intensive care nursery. At 2 hours of age, the preductal oxygen saturation reading is 70%, with a 
postductal reading of 42%. An arterial blood gas measurement is obtained from the umbilical artery catheter, which 
shows a pH of 7.19, PCO2 of 66 mm Hg, PaO2 of 26 mm Hg, and base deficit of 4. High-frequency oscillatory ventilation is 
started with a mean airway pressure of 15 cm H2O without improvement in oxygenation; chest radiography shows 
adequate lung expansion and clear lung fields. Echocardiography demonstrates suprasystemic right ventricular 
pressures, normal cardiac anatomy, and a right-to-left shunt at the level of the ductus arteriosus.

Of the following, the intervention MOST likely to improve this infant’s oxygenation is to

A. begin a milrinone infusion

B. increase the mean airway pressure

C. institute inhaled nitric oxide therapy

D. switch to conventional ventilation



Thank You
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