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Persistent Pulmonary Persistent Pulmonary 
Hypertension of the Hypertension of the 
Newborn (PPHN)Newborn (PPHN)

Billie Lou Short, MDBillie Lou Short, MD
Chief, Division of NeonatologyChief, Division of Neonatology

Pulmonary CirculationPulmonary Circulation

LowLow--pressure, highpressure, high--flow system with a flow system with a 
great capacity for recruitment of normally great capacity for recruitment of normally 
unperfusedunperfused vesselsvessels
Wall of PA are thinWall of PA are thin
PAH is a disease of the small pulmonary PAH is a disease of the small pulmonary 
arteries, characterized by vascular arteries, characterized by vascular 
narrowing, leading to  progressive narrowing, leading to  progressive 
increase in pulmonary vascular resistanceincrease in pulmonary vascular resistance

Pulmonary HypertensionPulmonary Hypertension

Vasoconstriction Vasoconstriction 
Remodeling of the PA Remodeling of the PA 
wallwall
ThrombosisThrombosis

Pulmonary arterial obstruction by vascular 
proliferation & remodeling is the hallmark for 

PAH pathogenesis
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Pulmonary HypertensionPulmonary Hypertension

Pulmonary vascular Pulmonary vascular 
remodeling involves all remodeling involves all 
layers of the vessel walllayers of the vessel wall

Endothelial Cells Endothelial Cells 
Smooth muscle cellsSmooth muscle cells
Fibroblasts Fibroblasts -- AdventitiaAdventitia
Inflammatory CellsInflammatory Cells
Platelets and thrombosisPlatelets and thrombosis

ProstacyclinProstacyclin
Vasoactive intestinal peptideVasoactive intestinal peptide
Nitric oxideNitric oxide
EndothelinEndothelin--11
Potassium ChannelsPotassium Channels
SerotoninSerotonin

Mediators of PAHMediators of PAH

Clinical Syndrome

PVR  after birth

R L shunting  at 
the PDA &/or PFO

Resulting in 
persistent hypoxia

PPHN

PDA

PFO
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High Resting Vascular Tone High Resting Vascular Tone --
CausesCauses

Compression of PA by fluid filled Compression of PA by fluid filled 
alveolialveoli
Low alveolar oxygen tensions, 17 Low alveolar oxygen tensions, 17 ––
20 mmHg20 mmHg
Different balance between the Different balance between the 
vasoconstrictors & vasodilators pre vasoconstrictors & vasodilators pre 
and post deliveryand post delivery

The Fetal LungThe Fetal Lung

FETAL LUNGFETAL LUNG
Vasoactive MediatorsVasoactive Mediators

VasodilatorsVasodilators
Nitric OxideNitric Oxide
ProstacyclinProstacyclin
EstrogenEstrogen
AdenosineAdenosine

VasoconstrictorsVasoconstrictors
EndothelinEndothelin--11
PlateletPlatelet--activating activating 
factorfactor
LeukotrienesLeukotrienes
ThromboxaneThromboxane

Nitric Oxide Nitric Oxide –– Mechanisms of Mechanisms of 
ActionAction

EndotheliumEndothelium

L- Arginine
NO Synthase    

NO + CitrullineNO

Smooth MuscleSmooth Muscle

GTP

cGMP

↓Ca++

Relaxation

Blood Vessel

Smooth Muscle

NO NO
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Arachidonic Acid

PGG2 & PGH2

Thromboxane A2
Prostacyclin PGI2

PGF2 
PGE2

PGD2

Cyclooxygenase

COX-1 -
Platelets

COX-2 -
Endothelium

Eicosanoids Eicosanoids --
ProstaglandinsProstaglandins

IND & ASA

The Endothelin The Endothelin 
Family Family 

Endothelial derived vasoconstrictor 
peptides

3 Isoforms of this 21- amino acid peptide

Endothelin-1

Endothelin-2

Endothelin-3

The Endothelin Family The Endothelin Family 
Preproendothelin-1

Big Endothelin

Endothelin-1

ETA ETB

Neonatal Pulmonary Circulation
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Endothelin Endothelin –– Fetal Lung Fetal Lung 
Hypoxia stimulates the production of ETHypoxia stimulates the production of ET--11
ETET--1 levels increase during gestation, then 1 levels increase during gestation, then 

decrease rapidly in the postnatal perioddecrease rapidly in the postnatal period
Nitric oxide suppresses ETNitric oxide suppresses ET--1 synthesis1 synthesis

Low Nitric Oxide production in fetal life may allow Low Nitric Oxide production in fetal life may allow 
the high level of ETthe high level of ET--11

Fetal CirculationFetal Circulation

Only 10-15% 
of the blood 
goes to the 
Lungs

Placenta
50% of Fetal 
Blood Flow

PDA

PFO

Fetal Circulation Fetal Circulation –– Blood Flow Blood Flow 
Return to the HeartReturn to the Heart

Right 
Atrium

Left 
Atrium
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The Transition to BirthThe Transition to Birth
Endothelium acts as a paracrine Endothelium acts as a paracrine 

modulator of vascular resistance, modulator of vascular resistance, 
release of vasoactive products including release of vasoactive products including 
Nitric OxideNitric Oxide & & Arachidonic Acid Arachidonic Acid 
Metabolites (PGIMetabolites (PGI22)  )  
Oxygen, ventilation, & shear stressOxygen, ventilation, & shear stress are are 

an important stimuli for endothelial an important stimuli for endothelial NO & NO & 
PGIPGI22 production during transitionproduction during transition

The Fetal CirculationThe Fetal Circulation

Normal TransitionNormal Transition
PaO2

Shear Stress 

Rhythmic 
Distention 

NO 

Adenosine 

NO 

PGI2

NO 

PGI2

Normal TransitionNormal Transition

PaO2 PAF 

NO Endothelin-1 
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The Transition to BirthThe Transition to Birth
Redirecting of blood flow from the placenta Redirecting of blood flow from the placenta 
–– marked changes in shear stress & oxygen marked changes in shear stress & oxygen 
levelslevels
88--10 x increase in pulmonary blood flow10 x increase in pulmonary blood flow
DuctusDuctus closes secondary to high oxygen closes secondary to high oxygen 
contentcontent
Foramen ovaleForamen ovale closes with increased left closes with increased left 
atrial pressure changes when pulmonary atrial pressure changes when pulmonary 
blood flow increasesblood flow increases

The Fetal CirculationThe Fetal Circulation

Ductus 
Arteriosis

Foramen 
Ovale

Abnormal Transition –
Persistent Pulmonary Hypertension

PPHNPPHN

Hypoxia Hypoxia -- AcidosisAcidosis
Shock Shock -- InfectionsInfections

Increased Increased 
Pulmonary Pulmonary 
Vascular Vascular 
ResistanceResistance

Increased Increased 
Pulmonary Pulmonary 

Artery PressureArtery Pressure

Right to Right to 
Left Left 

Shunting:Shunting:

••PDAPDA

••Foramen Foramen 
OvaleOvale

1

2

2

1



8

PPHN PPHN ––
Two Pathologic TypesTwo Pathologic Types

Chronic Intrauterine
Stress

Acute Perinatal
Stress

Structural 
Changes

Functional 
Changes

Hypoxia
Acidosis

Myocardial
Dysfunction

Bypass Lungs –
Metabolic 
Functions

Chronic HypoxiaChronic Hypoxia
AcidosisAcidosis
InflammationInflammation

Alteration of Normal Transition Alteration of Normal Transition ––
In Utero CausesIn Utero Causes

Intrauterine Injury

Developing Lung CirculationDeveloping Lung Circulation

Decreased 
Vascular Growth

• Decreased 
Angiogenesis

• Decreased 
Alveolarization

Abnormal Vascular 
Reactivity

• Decreased 
Vasodilators

• Increased 
Vasoconstrictors

• Enhanced Myogenic 
Tone

Abnormal Vascular 
Structure

• Increased SMC 
Proliferation

• Altered Extracellular 
Matrix

Abman, SH, NeoReviews, Nov 1999

Vascular ChangesVascular Changes
Structurally abnormal vascular bedStructurally abnormal vascular bed

Increase in pulmonary artery medial smooth Increase in pulmonary artery medial smooth 
muscle muscle 
Extension of medial smooth muscles into the Extension of medial smooth muscles into the 
nonmuscular nonmuscular PAsPAs
Increase in collagen formationIncrease in collagen formation

Causes: Causes: 
Altered intrauterine environment, chronic hypoxia, Altered intrauterine environment, chronic hypoxia, 
chronic infectionschronic infections
UnknownUnknown

PPHN PPHN –– Vascular ChangesVascular Changes
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Normal PPHN

PPHN PPHN –– Abnormal Vasculature Abnormal Vasculature 

Regulation of Regulation of 
vascular growthvascular growth

Growth factorsGrowth factors
Mechanical factorsMechanical factors
Extracellular matrixExtracellular matrix
Intracellular Intracellular 
interactioninteraction

Vascular DevelopmentVascular Development
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Hypoxia & Pulmonary Hypoxia & Pulmonary 
Vasculature DevelopmentVasculature Development

Vascular Vascular 
EndotheliumEndothelium

Smooth muscle cell

Smooth Muscle Cell Smooth Muscle Cell 
ProliferationProliferation
Matrix Protein:Matrix Protein:
• Elastin

• Collagen

• Fibronectin

Growth FactorsGrowth Factors::

• IGF-1

• SMEF

Receptors:Receptors:
• β-receptors

• Adenylyl cyclase
Durmowicz & Stenmark, NeoReviews, Nov 1999

HypoxiaHypoxia

Extracellular Matrix

A. Small PA in an 
infant without 
PPHN

B. Small PA in an 
Infant with PPHN

C. Small PA from 
Calf, not exposed 
to hypoxia

D. Small PA from 
Calf, exposed to 
chronic hypoxia

From Durmowicz and Stenmark; 
NeoReviews, e91-e102, Nov 1999

Abnormal number of 
branching vessels, i.e., 
hypoplastic lungs

Increased Pulmonary 
Medial Artery Smooth 
Muscle

Congenital Diaphragmatic Congenital Diaphragmatic 
Hernia Hernia -- PPHNPPHN
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Congenital Diaphragmatic Congenital Diaphragmatic 
Hernia Hernia -- PPHNPPHN

Normal CDH

PPHN PPHN -- DiagnosisDiagnosis
Diagnostic Test Diagnostic Test –– Clinical PresentationClinical Presentation

“Flip-Flop” phenomenon – PaO2 flipping from high to low with 
only small changes in clinical state

Chest X-ray – no help

Hyperoxia test may be negative

Hyperoxia-hyperventilation test may be positive

Differential pO2s or Stats in the Pre & Post Ductal area – seen 
in PDA shunting infants

Cardiac ECHO, definitive study

PPHN PPHN -- DiagnosisDiagnosis
Pre-ductal PaO2 

>15 torr higher 
than Post-ductal 
PaO2 , then ductal 
shunt, indicating 
PPHN

If shunting 
primarily at the 
PFO level, then no 
oxygen level 
difference
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PPHN PPHN -- DiagnosisDiagnosis

o Preductal

• Postductal

PPHN PPHN -- DiagnosisDiagnosis
Hyperoxia Test

PPHN PPHN -- DiagnosisDiagnosis

ΔΔ <5 <5 
torrtorrΔΔ <5 torr<5 torrΔΔ >15 torr>15 torr40 torr40 torr

Spontaneous Spontaneous 
RespResp. or . or 

mechanical mechanical 
ventilationventilation

100%100%
PrePre--Post Ductal Post Ductal 
Shunting Shunting 
EvaluationEvaluation

40 torr40 torr>100 torr>100 torr40 torr40 torr40 torr40 torr

Spontaneous Spontaneous 
RespResp. or . or 

mechanical mechanical 
ventilationventilation

100%100%Hyperoxia TestHyperoxia Test

40 Torr40 Torr>150 torr>150 torr>100 torr>100 torr2020--25 25 
torrtorrHyperventilationHyperventilation100%100%

HyperoxiaHyperoxia--
Hyperventilation Hyperventilation 
TestTest

40 torr40 torr40 torr40 torr40 torr40 torr40 torr40 torrSpontaneous Spontaneous 
RespirationsRespirations21%21%Room AirRoom Air

pOpO22 in in 
CHDCHD

pOpO22 inin
Parenchymal Parenchymal 

DiseaseDisease

pOpO22 inin
PPHNPPHN

PaCOPaCO22
GoalGoal

Ventilator Ventilator 
StatusStatusFIO2FIO2TestTest
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Lung ProtectionLung Protection
Must understand the underlying lung diseaseMust understand the underlying lung disease
Must understand the causes of lung injuryMust understand the causes of lung injury

Oxygen toxicityOxygen toxicity
Over distensionOver distension of lung units (lung volume or of lung units (lung volume or 
stretch, not pressure)stretch, not pressure)
Lung inflammationLung inflammation makes the lung more susceptible makes the lung more susceptible 
to volutrauma & oxidant lung injuryto volutrauma & oxidant lung injury
Surfactant deficiencySurfactant deficiency –– atelectrauma, related to atelectrauma, related to 
distensiondistension

Term Infant Term Infant –– PPHN: Treatment PPHN: Treatment 
StrategiesStrategies

PPHN PPHN ––
Treatment StrategiesTreatment Strategies

Reduce Agitation Reduce Agitation –– sedation & pain managementsedation & pain management
Morphine/fentanyl & Valium/versedMorphine/fentanyl & Valium/versed
Paralysis if sedation does not workParalysis if sedation does not work

Ventilation techniquesVentilation techniques
Conventional ventilationConventional ventilation
HFOVHFOV

AlkalinizationAlkalinization
Respiratory, pH 7.50, PaCORespiratory, pH 7.50, PaCO22 2525--35 torr35 torr
Alkalinizing drip: NaHCOAlkalinizing drip: NaHCO33 or THAMor THAM

Maintain systemic blood pressure normal or Maintain systemic blood pressure normal or 
slightly higher than normalslightly higher than normal
iNOiNO
ECMOECMO

RespiratoryRespiratory
Distress Distress -- PPHNPPHN

High Frequency VentilationHigh Frequency Ventilation

SurfactantSurfactant

Nitric OxideNitric Oxide

ECMOECMO

Conventional VentilationConventional Ventilation

Treatment ??Treatment ??
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RespiratoryRespiratory
Distress Distress -- PPHNPPHN

Gentle Ventilation ??Gentle Ventilation ??

Alkalosis ??Alkalosis ??
•• HyperventilationHyperventilation
•• Alkali infusionsAlkali infusions

Permissive Hypercapnia ??Permissive Hypercapnia ??

ParalysisParalysis ????

Treatment ??Treatment ??

PPHN PPHN -- TreatmentTreatment

Relationship of Relationship of 
PVR to PVR to PaOPaO22 & & 

pHpH

Should we keep the PaOShould we keep the PaO22 higher higher 
than 100 torr ?than 100 torr ?

At what expense ?At what expense ?

Hyperoxia, through oxygen radical Hyperoxia, through oxygen radical 
formation upregulates ETformation upregulates ET--11

ETET--1 causes vasoconstriction1 causes vasoconstriction

ETET--1 may cause SMC hypertrophy1 may cause SMC hypertrophy

PPHN PPHN -- TreatmentTreatment
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EndothelinEndothelin--1 Expression 1 Expression 
in Hyperoxic States in Hyperoxic States 
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RA 60%

Jankov, et al: Pediatric Research, 48:289-298, 2000

Hyperventilation: PPHN TreatmentHyperventilation: PPHN Treatment

Two major papersTwo major papers
Peckham GJ & Fox, WW, J of Pediatrics, Vol. 93(6): Peckham GJ & Fox, WW, J of Pediatrics, Vol. 93(6): 
10051005--1010, 19781010, 1978
Drummond WH, Drummond WH, GregroyGregroy GA, Heymann MA, & GA, Heymann MA, & 
PhibbsPhibbs, RA; J of Pediatrics, Vol. 98, 603, RA; J of Pediatrics, Vol. 98, 603--611, 1981611, 1981

Total patients = 14 term infantTotal patients = 14 term infant
All had PA lines in placeAll had PA lines in place
Marked reduction in PA pressure & Marked reduction in PA pressure & 
improvement in oxygenationimprovement in oxygenation

Very small numbers. Results only showed immediate response, did not measure 
long-term outcome

Hyperventilation:  CONHyperventilation:  CON

No controlled trial to show efficacyNo controlled trial to show efficacy
To achieve low pCO2, you must increase  To achieve low pCO2, you must increase  
ventilator support to a level that youventilator support to a level that you’’re re 
causing lung injury causing lung injury –– small studies have small studies have 
shown improvement with shown improvement with ““gentle gentle 
ventilation approachventilation approach””
Severe alkalosis may be related to hearing Severe alkalosis may be related to hearing 
loss noted in the PPHN populationloss noted in the PPHN population
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Vasodilators tried in the pastVasodilators tried in the past
AcetylcholineAcetylcholine
IsoproterenolIsoproterenol
PGEPGE11

PGEPGE22

PGIPGI22

Tolazoline Tolazoline -- PriscolinePriscoline

PPHN PPHN -- TreatmentTreatment

Systemic side effects

iNOiNO –– Selective VasodilatorSelective Vasodilator

Nitric Oxide Nitric Oxide –– Mechanisms of ActionMechanisms of Action
AlveoliAlveoli

NO

Smooth MuscleSmooth Muscle
GTP

cGMP

↓Ca++

Relaxation
Blood Vessel

Smooth Muscle

NO
NONO

NO
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Pediatrics, 101(8):325-334, 1998

Funded by INO Therapeutics (Ohmeda Medical)

Pediatrics, 101(8):325-334, 1998

Davidson, et al: Pediatrics, 101(8):325-334, 1998
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Davidson, et al: Pediatrics, 101(8):325-334, 1998

This is why we
Don’t use >20ppm

Davidson, et al: Pediatrics, 101(8):325-334, 1998

This is also why we
Don’t use >20ppm

NEJM, 342:469-474, 2000
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Clark, et al: NEJM, 342:469-474, 2000

New England J Medicine  336(9): 597New England J Medicine  336(9): 597--604, 1997604, 1997

NINOS Trial

ECMO 54.5%              38.6%       0.014

Length of Stay 29.5                  36.4           0.17
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Nitric Oxide Nitric Oxide ––
NonNon--RespondersResponders

Responder Non-Responder

Use of iNO in MAS: lack of Use of iNO in MAS: lack of 
responseresponse
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Fernandez-Martorell, Scand J Clin Lab Invest: 1998;58:177-182

Start iNO

Effect of NO & HFOV in MASEffect of NO & HFOV in MAS
Rais-Bahrami, et al: Pediatr CCM, 2000; 1:166-169
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Rebound Rebound -- iNO TherapyiNO Therapy

Davidson, et al: 
Pediatrics, 

104:231-236, 1999

Negative feedback loop, i.e., Negative feedback loop, i.e., iNOiNO
turns off endogenous production of turns off endogenous production of 
NONO
iNO exposure for 24hrs caused 2iNO exposure for 24hrs caused 2--
fold increase in serum fold increase in serum 
concentrations of ETconcentrations of ET--1 (1 (Kelly,et al, J Kelly,et al, J 
of Pediatrics, 2002)of Pediatrics, 2002)

Rebound Rebound -- iNO TherapyiNO Therapy

Nitric Oxide Nitric Oxide –– Mechanisms of Mechanisms of 
ActionAction

EndotheliumEndothelium

L- Arginine
NO Synthase    

NO + CitrullineNO

Smooth MuscleSmooth Muscle

GTP

cGMP

↓Ca++

Relaxation

Blood Vessel

Smooth Muscle

NO NO
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Nitric Oxide Nitric Oxide ––
Mechanisms of ActionMechanisms of Action

Smooth MuscleSmooth Muscle

GTP

cGMP

Ca++
Relaxation

5’GMP
Phosphodiesterase

Phosphodiesterase Phosphodiesterase 
InhibitorsInhibitors

Zaprinast, PDEZaprinast, PDE--55

Dipyridamole, PDEDipyridamole, PDE--55

Sildenafil (Viagra), PDESildenafil (Viagra), PDE--55

Hypotension

0
5

10
15
20
25
30
35

0 60 120 180 240

Time (Minutes)

PA
P 

(m
m

H
g)

Control iNO Sildenafil

MAS Piglet Model MAS Piglet Model –– IV IV 
Sildenafil Sildenafil TherapyTherapy

Shekerdemian, et al: Am J Respir Crit Care Med, 165:2002
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iNO iNO –– the Bad the Bad 

NONO
NONO

NONO Carcinogen

iNO iNO –– the Badthe Bad
NO + O2 = Peroxynitrite

Induce lung injury

Increased apoptosis in cells 
exposed to 4hrs of NO

NO produces superoxide in high 
flow states, maybe responsible for  
SMC hypertrophy & remodeling of 
vascular bed in this population

How Do We Safely Use iNO?How Do We Safely Use iNO?
Clark, Pediatrics, 104(2):296Clark, Pediatrics, 104(2):296--297, 1999297, 1999

iNO studies establish that iNO improves iNO studies establish that iNO improves 
oxygenation & reduces the use of ECMO oxygenation & reduces the use of ECMO 
–– this does not translate to improved this does not translate to improved 
healthhealth

Length of stay > iNO patients than controls in Length of stay > iNO patients than controls in 
NINOS Trial, 36 vs 30 daysNINOS Trial, 36 vs 30 days
Higher mortality in iNO treated patients, 8% Higher mortality in iNO treated patients, 8% 
vs 2%vs 2%
Does iNO delay the initiation of ECMO?  Is Does iNO delay the initiation of ECMO?  Is 
this delay associated with risk for morbidity ?this delay associated with risk for morbidity ?
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Eicosanoids Eicosanoids --
ProstaglandinsProstaglandins

Arachidonic Acid

PGG2 & PGH2

Thromboxane A2
Prostacyclin PGI2

PGF2 PGE2

PGD2

Cyclooxygenase

PPHN Therapy PPHN Therapy –– PGIPGI22

IV form, severe hypotensionIV form, severe hypotension

Aerosolized form as potent Aerosolized form as potent 
as iNOas iNO

O
xy

g
e

n
 In

d
e

x

Time (hrs)

Kelly, et al, J of Peds, 2002

PGI2, 50 ng/kg/min

EndothelinEndothelin--A receptor Blockade in A receptor Blockade in 
Porcine Pulmonary HypertensionPorcine Pulmonary Hypertension

Ambalavavav N., et. al: Pediatric Res Vol 52 (6):913-921, 2002

Compared the physiologic effects of two 
Endothelin-A receptor blockers, EMD 122946 & 
BQ 610 on two pathologic conditions with PH

• Hypoxic Induced PH

• GBS induced PH
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EndothelinEndothelin--A receptor Blockade in A receptor Blockade in 
Porcine Pulmonary HypertensionPorcine Pulmonary Hypertension

Ambalavavav N., et. al: Pediatric Res Vol 52 (6):913-921, 2002

EMB 122946 - Hypoxia BQ-610 - Hypoxia

Tezosentan: ETezosentan: EAA & E& EBB Blockage in Blockage in 
MAS Piglet ModelMAS Piglet Model

Results:
•100% survival in Tez
animals

•33% survival in control 
animals

•Slight drop in systemic 
pressures noted

Geiger R, et al: Ped Res; 59(1): 
147-150, 2006

Superoxide Dismutase Improves Oxygenation and
Reduces Oxidation in Neonatal Pulmonary

Hypertension: 
Lakshminrusimha, Russell, Wedgwood, et al, Am J of Resp & CCM, VOL 174, 2006
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Superoxide Dismutase Improves Oxygenation and
Reduces Oxidation in Neonatal Pulmonary

Hypertension: 
Lakshminrusimha, Russell, Wedgwood, et al, Am J of Resp & CCM, VOL 174, 2006

Surfactant Deficiency in Term Surfactant Deficiency in Term 
InfantsInfants

Primary lung injuryPrimary lung injury:: MEC, sepsis, MEC, sepsis, 
hyperoxia hyperoxia -- injury of type II pneumocyte with injury of type II pneumocyte with 
decreased surfactant productiondecreased surfactant production
MEC & proteinMEC & protein -- inhibit surfactant activityinhibit surfactant activity
Sepsis Sepsis -- leakage of fluid into the alveolar leakage of fluid into the alveolar 
space with destruction of surfactantspace with destruction of surfactant
Mechanical ventilationMechanical ventilation -- may damage the may damage the 
alveolar capillary barrier with cell injury & alveolar capillary barrier with cell injury & 
protein leakprotein leak

Surfactant Therapy in ECMO PatientsSurfactant Therapy in ECMO Patients

Lotze, et al, J Pediatr 1993;122:261-268

*
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Surfactant Therapy in ECMO Surfactant Therapy in ECMO 
PatientsPatients

Lotze, et al, J Pediatr 1993;122:261-268

SurfactantSurfactant ControlControl

Duration of ECMO (hr) 107 ± 33 * 139 ± 53

Time to extubation (hr) 28 ± 14 58 ± 84

Duration of O2 (hr)            185 ± 154   351 ± 524

Age at discharge (days)    20 (12-36) 25 (11-129)

n = 20                        n = 20

Multicenter Study of Surfactant Use in Term Multicenter Study of Surfactant Use in Term 
Infants With Severe Respiratory FailureInfants With Severe Respiratory Failure

Lotze, et al. J of Pediatrics 1321:40Lotze, et al. J of Pediatrics 1321:40--45, 199845, 1998
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Multicenter Study of Surfactant Use in Term Multicenter Study of Surfactant Use in Term 
Infants With Severe Respiratory FailureInfants With Severe Respiratory Failure

Lotze, et al. J of Pediatrics 1321:40Lotze, et al. J of Pediatrics 1321:40--45, 199845, 1998
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PPHN PPHN ––
Treatment StrategiesTreatment Strategies

Maintain systemic blood pressure normal Maintain systemic blood pressure normal 
or slightly higher than normalor slightly higher than normal

DopamineDopamine, pulmonary effects if >8ug/kg/min , pulmonary effects if >8ug/kg/min 
dose (alpha, beta)dose (alpha, beta)
DobutamineDobutamine, primarily inotropic effect with , primarily inotropic effect with 
peripheral vasodilation, maximum dose, peripheral vasodilation, maximum dose, 
20ug/kg/min (beta)20ug/kg/min (beta)
IsoproterenolIsoproterenol, chronotropic effect (increased , chronotropic effect (increased 
HR) limits use in newborns (beta)HR) limits use in newborns (beta)
Volume expansionVolume expansion as needed as needed –– NS, 5% NS, 5% 
AlbuminAlbumin

RespiratoryRespiratory
Distress Distress -- PPHNPPHN

DopamineDopamine
55--10mcg/kg/min10mcg/kg/min

DopamineDopamine
1010--20mcg/kg/min20mcg/kg/min

DobutamineDobutamine
1010--20mcg/kg/min20mcg/kg/min

Volume ExpansionVolume Expansion
1010--20cc/kg20cc/kg

Blood Pressure Blood Pressure 
ControlControl

EpinephrineEpinephrine
0.1 0.1 –– 1.0 mcg/kg/min1.0 mcg/kg/min

Ventilator & Oxygen ManagementVentilator & Oxygen Management

Make small changes on the ventilator Make small changes on the ventilator ––
large changes may cause the patient to large changes may cause the patient to 
flip back into PH or vasoconstrict and flip back into PH or vasoconstrict and 
worsenworsen
Make only one change at a time, e.g., only Make only one change at a time, e.g., only 
the FIOthe FIO22, not FIO, not FIO22 and PIPand PIP
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PPHN PPHN –– Normal CourseNormal Course

By 5 days of age, most infants have By 5 days of age, most infants have 
resolved their pulmonary  hypertension, resolved their pulmonary  hypertension, 
although some may persist beyond this although some may persist beyond this 
time periodtime period
After 5 days of age, consider normalizing After 5 days of age, consider normalizing 
all blood gas parameters for the patient, all blood gas parameters for the patient, 
e.g., keep PaCOe.g., keep PaCO22 4040--60 range; PaO60 range; PaO22 6060--
80 mmHg80 mmHg


