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Objectives

� Review neonatal transition to extrauterine 
life

� Describe Hypoxic Respiratory Failure 
(HRF)/Persistent Pulmonary Hypertension 
(PPHN)

� Discuss use of inhaled Nitric Oxide (iNO).



Fetal Oxygenation

Maternal Circulation

paO2 SaO2 pCO2

Uterine Artery 100 mmHg 98% 32 mmHg

Uterine Vein 40 mmHg 75% 45 mmHg

Fetal Circulation

paO2 SaO2 pCO2

Umbilical Artery 18 mmHg 45% 55 mmHg

Umbilical Vein 28 mmHg 70% 40 mmHg



Fetal Hemoglobin Dissociation 
Curve

5 Major Events to Breath Air

� Clearance of fetal lung fluid
� Establishment of spontaneous breathing
� Surfactant release
� Decrease in PVR
� Cessation of R>L shunt of blood returning 

to heart



Neonatal Transition

� Absorption of fetal lung fluid
� Increase in SVR

�Placenta is extremely low resistance

� Inflation of lungs
� Increase in PaO2

� In utero – 20-30 mmHg

� Increase pulmonary blood flow
� PFO and PDA close

Circulatory Changes

� In utero, circulation is maintained as 
massive R->L shunt

� High pulmonary vascular resistance
� Low systemic vascular resistance



Circulatory Changes

� Decrease in PVR
�Air replaces fluid in lungs
�Results in mechanical distention of pulmonary 

vasculature
� Increased oxygenation (↑PaO2) results in 

further decrease of PVR
� Oxygen is best pulmonary vasodilator



Circulatory Changes

� Increase in SVR
�Clamping umbilical cord causes immediate, 

drastic increase in SVR

Circulatory Changes

� Stopping R->L Shunt
�No more umbilical vessel flow

� Ductus venosus
� Umbilical arteries

� Further constricted by increased PaO2

�Decrease in PVR and increase in SVR
� Closing of PFO from increase in pulmonary blood 

flow and blood return to left atrium
� Decreased flow through ductus arteriosus
� Oxygen causes vasoconstriction in ductus



Hypoxic Respiratory Failure
Persistent Pulmonary Hypertension

PPHN

� Persistent Pulmonary Hypertension of the 
Newborn
�Previously known as Persistent Fetal 

Circulation (PFC)

� 1-2 per 1000 births
� Full-term Infants



PPHN

� Failure of normal circulatory transition 
postnatally

� Elevated pulmonary vascular resistance
�Left-to-right shunt
�Severe hypoxemia
�May be normal CO2 exchange

Pathophysiology & Causes

� Maladaption – normal structure
� Hypoxia, acidosis
� Asphyxia, hypothermia, hyperviscosity
� Pneumonia, Meconium Aspiration Syndrome

� Maldevelopment – abnormal structure with 
vascular smooth muscle hypertrophy
� Premature PDA Closure
� Pulmonary hypoplasia, CDH
� Alveolar capillary dysplasia

� Cardiac Dysfunction



Clinical Presentation

� Severe hypoxemia and respiratory distress
� Labile oxygen saturations

� Evidence of shunting (right arm and leg)
� Differential O2 sats - >5% difference
� Differential PaO2 - >20 mmHg

� Cardiac exam
� Single S2, Loud
� TR murmur

� CXR – depends on etiology
� “Black lung disease,” MAS, pneumonia

Diagnosis

� Hyperoxia Test – 10 minutes of 100%
�PaO2

� <100 mmHg – Cardiac/PPHN
� 100-150 mmHg – Suggestive of PPHN
� >150 mmHg – Primary Airspace Disease

�May add hyperventilation if abnormal



Diagnosis - ECHO

� Tricuspid Regurgitation
�Elevated Pulmonary Pressures

� RVH/Decreased RV function
� Bowing of Ventricular Septum into LV
� Right-to-left shunt at PDA/PFO

Physiology Review

� A-a Gradient
AaDO2 = FiO2 (Patm-47) – PaCO2 – PaO2

R

� Oxygen Index
OI = Mean Airway Pressure x FiO2 x 100

PaO2



Treatment of PPHN

� Blood flows downhill

Treatment of PPHN

PVR

SVR



Treatment of PPHN

� Antibiotics
� 100% Oxygen
� Volume
� PRBCs
� Sedation, Low Stimulation Environment
� Correct Acidosis
� Pressors, Hydrocortisone
� Optimize Ventilation

� Hyperventilation, High Frequency
� Goal PaO2 – 60-80
� Keep pH normal (7.35-7.45), PaCO2 35-45
� Consider Surfactant

Optimal Lung Volume

Pressure

Volume

Zone of 
Overdistention

Zone of Atelectasis



Optimal Lung Volume

PVR

Lung Volume

Optimal Lung Volume -
Optimize V/Q Matching

V/Q <<<1 V/Q = 1V/Q >>>1



Treatment of PPHN

� Historical
� Alkalinization
� Nitroprusside, Tolazoline

� Current
� iNO
� PGI2 (Epoprostanol, Flolan)
� ECMO

� Other
� PDE inhibitors: sildenafil, dipyridamol, zaprinast-

effect same pathway as iNO
� Endothelin antagonist: bosentan
� PGE1: Alprostadil



Inhaled Nitric Oxide



Treatment of PPHN

How it works

� Nitric Oxide (NO) is a naturally occuring 
molecule derived from oxidation of L-
arginine by NO Synthase (NOS) in 
vascular endothelium

� NO diffuses from the endothelium to act 
on vascular smooth muscle cells

� NO is a potent vasodilator that induces 
vascular smooth muscle relaxation by 
increasing cGMP production



Inhaled Nitric Oxide

Degraded by 
Phosphodiesterase

Indications

NO is indicated in infants with ECHO 
documented PPHN after lung inflation 
and hemodynamics are optimized
(consider hydrocortisone, high frequency 
ventilation, surfactant first) and:
- gestational age >34 weeks
- OI >25 (15)



Indications

� Oxygen Index in PPHN

0           15          25           40

Inhaled Nitric Oxide

� Side Effects
� rebound pulmonary hypertension
�methemoglobinemia
�NO2 production

� Contraindications
�ductal dependent cardiac defect
�congenital methemoglobinemia 
� fatal congenital disease



iNO Dosing

� starting and maximum dose=20ppm
� wean to 5ppm by 4-24h
� usual duration <5d, exceptions- CDH, 

pulmonary hypoplasia
� if no response in <1 hour, can D/C quickly, 

otherwise need to wean

Davidson, et al.  Pediatrics, 101(3) 1998.

� Multi-center, randomized, blinded, placebo 
controlled study

� 155 infants >36 weeks (of 320 planned)
� Primary outcome – decrease PPHN Major 

Sequelae Index
� Dose 5, 20 and 80 ppm
� Unable to prove primary outcome



Davidson, et al.  Pediatrics, 101(3) 1998.
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Ehrenkranz, et al. The Neonatal Inhaled Nitric Oxide Study Group. NEJM. 336(9) 1007.

� Multi-center, randomized, blinded, placebo 
controlled study

� 235 infants >34 weeks
� Primary outcome – reduce death/ECMO 

by DOL 120
� Infants with HRF with OI>25 x2



Ehrenkranz, et al. The Neonatal Inhaled Nitric Oxide Study Group. NEJM. 336(9) 1007.
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Clark, et al. NEJM. 342(7) 2000.

� Multi-center, randomized, blinded, placebo 
controlled study

� 248 infants >34 weeks
� Primary outcome – reduce need for ECMO
� Infants with HRF with OI>25

�Clinical or ECHO evidence of PPHN
�5% difference in sats or 2 serious 

desaturation events

Clark, et al. NEJM. 342(7) 2000.



Indications

� Oxygen Index in PPHN

0           15          25           40

Konduri, et al. Pediatrics 113(3) 2004.  

� Multi-center, randomized, blinded, placebo 
controlled study

� 299 infants >33 weeks (stopped early)
� Primary outcome – reduce death/ECMO
� Infants with HRF with OI between 15 and 25
� Started at 5 ppm and increased to 20 ppm
� “iNO improves oxygenation but does not reduce the 

incidence of ECMO/mortality when initiated at an OI of 
15 to 25 compared with initiation at >25 in term and 
near-term neonates with respiratory failure.”
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Konduri, et al. Pediatrics 113(3) 2004.  

Gonzalez et al. Journal of Perinatology, 30, 2010

� Multi-center, randomized, open label,study
� 56 infants >34 weeks
� Primary outcome – reduce number of 

infants who reached OI of 40
� Infants with HRF with OI between 10-30



Gonzalez et al. Journal of Perinatology, 30, 2010

Gonzalez et al. Journal of Perinatology, 30, 2010



Gonzalez et al. Journal of Perinatology, 30, 2010


