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Case 1:RJ

Â 2 ½ yr old male who presents to the ED with increased 
respiratory rate URI symptoms

Â PMHx: 

Â Large tonsils, Several months of snoring, and apnea while 
sleeping

Â PE: diaphoretic, afraid of examiner, significant respiratory 
distress, appears large for age

Wt 22.6 kg (>90%) 

VS: T 38.9, P 154, R 38, bp 114/67, O2 sat 82% RA

Resp: flaring, retractions, diffuse wheezes Abd: protuberant 
Neuro: awake, alert, responsive



Hospital Course

ÂPlaced on 15L NRB

ÂGiven albuterol and methylprednisolone

ÂSent to PICUĄdesat to low 80õs

Â IntubatedĄO2 sat 85-90%, bp 70/30

ÂDopamine, volume, antibiotics

ÂCXR: bilateral patchy infiltrates, cardiomegaly



Hospital Course

ÂEcho: 

ÂBilateral ventricular hypertrophy

ÂEstimated PAP 50% systemic

ÂStarted Nitric oxideĄO2sat 98-100%

ÂFailed extubation several times

ÂFinally extubated to BiPAP

ÂSleep study confirmed obstructive sleep 

apnea



Case 2:SL

Â 6 month h/o HLHS

Â Norwood/BT shunt day 5 of life

Â ED with respiratory distress

Gen: Pale, cyanotic, significant respiratory distress

VS: P 180, R 55, bp 60/27, O2 sat 50% RA

Resp: +GFR, scattered wheezes, poor air entry on left

CV: 3/6 shunt murmur, +gallop

liver down 2 cm Extrem: cold, cap refill 5 sec

ABG 7.29/74/45/36/6.7





Hospital Course

Â Intubated 

ÂBecame hypotensive and bradycardic requiring 

compressions x 30 seconds

ÂGiven volume, epinephrine

ÂTransferred to PICU

ÂStarted Dopamine, Nitric Oxide

ÂSurvived to discharge

RSV+



Case 3: VS

Â3.5 mo h/o intermittent cyanosis, mostly with 

crying.  Followed by PMD

ÂChanged PMD, referred to cardiologist  

ÂTGA VSD  sats 60õs would decrease to 20õs with 

agitation

ÂCardiac cath and balloon atrial septostomy HD3

ÂPulmonary hypertension PA=Ao

ÂArterial switch HD 6, post op ECMO



ÂPost op tx for pulmonary Htn 

flolan, bosentan, sildenafil

ÂFeeding difficulties Ą gtube

Â112 days post op: sedation 

wean, sildenafil, diuretics, O2



Pulmonary Hypertension

ÂElevation in pulmonary artery pressure 

associated with a spectrum of diseases and 

causes

ÂClinical severity and presentation vary widely

ÂMay be associated with significant morbidity and 

mortality

ÂCan be progressive and severe

ÂCan lead to RV failure, arrhythmias and death



ÂSymptoms depend on severity and age at 

presentation

ÂTypically related to low cardiac output, but can be 

non-specific

Â Infants: poor appetite and growth issues

ÂChildren:  nausea, vomiting, activity intolerance, lethargy

ÂSevere PTH: syncope or sudden cardiac 

death



Â2009 1 year survival ~ 85%

Â1980s 1 year survival ~ 68%



Pulmonary Vasculature

ÂNormally 100% CO at 20% systemic pressure

ÂCan accommodate up to 2 ½ x increase in PBF 

without increase in PAP

ÂPAõs compliant: more elastic tissue, less muscle

ÂPVõs compliant: no valves



Causes of Pulmonary Hypertension

Â Increased pulmonary blood flow (into a normal 
vascular bed)

Â Increased resistance in the precapillary 
pulmonary vessels

ÂAbnormal resistance in the postcapillary vascular 
bed  (vascular constriction, obstruction, or 
obliteration)



Classification of Pulmonary 

Hypertension

1. Pulmonary Arterial Hypertension

2. Pulmonary hypertension with left heart disease

3. Pulmonary hypertension associated with lung 
diseases and/or hypoxemia

4. Pulmonary hypertension due to chronic 
thrombotic and/or embolic disease

5. Miscellaneous

3rd World Symposium on Pulmonary Arterial Hypertension Venice 2003
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PAH Causes

Â Chronic hypoxia

Â Acute lung injury: 
Â hypoxemia, accumulation of fibrin & cellular debris, vascular 

obilteration

Â Worldwide Shistosomiasis mansoni, HIV

Â Epidemics associated with toxins, pollutants, 
medications
Â Fenfluramine, dexfenfluramine, Amphetamines, cocaine, 

Â ? antidepressants

Â Smoking

Â Rapeseed oil, mercury, vinyl chloride, ergotamine, alkaloids



PAH causes

ÂCause of PAH unclear

ÂPulmonary artery endothelial dysfunction early 

feature

ÂMay reflect òdouble hitó

ÂLoss of function of the bone morphogenetic protein 

receptor type 2 (BMPR2)

ÂEnvironmental factors: drugs, viruses or toxins



PAH Risk 

Factors

Critically Ill Children:

Â Age (0-18 mos)

Â Asplenia

Â CDH (diaphragmatic hernia)

Â CHD, CPB

Â ARDS, PNA

Â Bronchiolitis

Â Sickle cell, thalassemias

J Am Coll Cardiol2004; 43:5S-12S

Female

HIV

Diet pills

? Increased serotonin



Pulmonary Hypertension Definitions

Â PAH = Presence of PHTN (mean PA pressure 
>25mmHg at rest or >30mmHg during exercise), 
normal PAWP < 15 mmHg, PVR > 3 Woods units

Â Cor pulmonale= RV enlargement associated with PH 
and secondary to NM, skeletal, parenchymal, or 
vascular lung disease

Â Eisenmeiger Syndrome= all systemic-pulmonary 
arterial shunts leading to PH and resulting in RĄL or 
bidirectional shunt



Pulmonary Arterial Hypertension 

(PAH)

Â Disease of small pulmonary arteries

ÂĄVasoconstriction Ąsmooth muscle hypertrophy

ÂĄRemodeling of the pulmonary vessel wall

ÂĄThrombosis in situ

Â Progressive increase in PVR, RV failure, and death

Â 125-150 deaths/yr in U.S. in children



PAH Histology

Â Intimal fibrosis

Â Increased medial thickness

ÂPulmonary arteriolar occlusion

ÂPlexiform lesions

ÂClones of endothelial cells that proliferate

ÂPathologic hallmark of PAH



Normal Pulmonary Artery



Reversible Disease

Vasoconstriction

Early Intimal Proliferation

Smooth 

MuscleHypertrophy



Irreversible Disease

Smooth Muscle Hypertophy

Adventitial & Intimal Proliferation

In Situ Thrombosis

Plexiform Lesion



World Symposium on Primary Pulmonary Hypertension 1998, adopted from NYHA

http://content.nejm.org/cgi/content/full/351/14/1425/F1


PAH- Vascular Modulators

Â ProstacyclinĄ vasodilator, inhibits platelet 
activation, antiproliferative, decreased in PAH

Â Nitric oxideĄ vasodilator, inhibits platelet 
activation, inh. SM cell proliferation, acts via cGMP 
path, decreased NO synthetase in PAH

Â ThromboxaneĄvasoconstrictor, platelet 
agonist, increased in PAH

Â Endothelin-1Ąvasoconstrictor, stimulates SM 
proliferation in PA, increased in PAH



PAH- Vascular Modulators

Â SerotoninĄ vasoconstrictor, promotes SM cell 
hypertrophy and hyperplasia, elevated in PAH

Â AdrenomodulinĄ dilates pulmonary vessels, elevated 
in PAH

Â Vasoactive Intestinal PeptideĄ systemic 
vasodilator, decreases PA pressure, decreased in PAH

Â Vascular Endothelial Growth Factor  (VGEF)Ą

involved in abnormal angiogenesis in response to 
hypoxia, VGEF-1 R  found in plexiform lesions in PAH



Endothelial dysfunction -

vasoconstriction

Â Imbalance between endothelium derived 

vasodilators

ÂNO

ÂProstacyclin

ÂAnd vasoconstrictors

ÂEndothelin 1

Â thromboxane



PAH-Genetic Factors

ÂFamilial estimated 6-10% of cases

ÂAD inheritance

Â10-20% of carriers have PAH

ÂGenetic anticipationĄworse with each 

successive generation



Medical management

ÂTreat underlying disease if identified

ÂCOPD, pulmonary fibrosis, cardiac disease, 

anticoagulation

ÂCalcium channel blockers

ÂHelpful in a few

ÂHypoxia-sensitive K+ channels involved with 

calcium regulation are dysfunctional in PH

ÂRequire vasoreactivity testing due to hypotension 

side effect
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