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Cas

e 1:RJ

A 2 % yr old male who presents to the ED with increase

respiratory rate URI sy
A PMHX:

mptoms

A Large tonsils, Several months of snoring, and apnea while

sleeping

A PE:diaphoretic, afraid of examiner, significant respiraton
distress, appears large for age

Wt 22.6 kg (>90%)
VS: T 38.9,P 154, R 38, b
Resp: flaring, retractions, ¢

0 114/67, O2 sat 82% RA
Iffuse wheezes Abd: protuberan

Neuro: awake, alert, res

oonsive



Hospital Course

A Placed on 15L NRB

A Given albuterol and methylprednisolone
ASenttoPICBL desat to | ow 8
A Intubated O2 sat 8%90%, bp 70/30

A Dopamine, volume, antibiotics

A CXR: bilateral patchy infiltrates, cardiomegaly



Hospital Course

A Echo:
A Bilateral ventricular hypertrophy
A Estimated PAP 50% systemic
A Started Nitric oxidg® O2sat 981.00%
A Failled extubation several times
A Finally extubated to BIPAP

A Sleep study confirmedbstructive sleep
apnea



Case 2:SL

A 6 month h/o HLHS

A Norwood/BT shunt day 5 of life

A 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
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Hospital Course

A Intubated

A Became hypotensive and bradycardic requirin
compressions x 30 seconds

A Given volume, epinephrine

A Transferred to PICU

A Started Dopamine, Nitric Oxide
A Survived to discharge

RSV+



Case 3: VS

A 3.5 mo h/o intermittent cyanosis, mostly with
crying. Followed by PMD

A Changed PMD, referred to cardiologist

ATGA VSD

agitation

sats 600s Wi

A Cardiac cath and balloon atrial septostomy HL
A Pulmonary hypertension PA=Ao0

A Arterial switch

ID 6, post op ECMO



A Post op tx for pulmonary Htn
flolan, bosentan, sildenafil

A Feeding difficulties gtube

A 112 days post op: sedation
wean, sildenafil, diuretics, O2



Pulmonary Hypertension

A Elevation in pulmonary artery pressure
associated with a spectrum of diseases and
causes

A Clinical severity and presentation vary widely

A May be associated with significant morbidity a
mortality

A Can be progressive and severe
A Can lead to RV failure, arrhythmias and death



A Symptoms depend on severity and age at
presentation

A Typically related to low cardiac output, but can
nonspecific
A Infants: poor appetite and growth issues
A Children: nausea, vomiting, activity intolerance, letl

A Severe PTH: syncope or sudden card
death



A 2009 1 year survival ~ 85%
A 1980s 1 year survival ~ 68%



Pulmonary Vasculature

A Normally 100% CO at 20% systemic pressure

A Can accommodate up to 2 Y2 X increase in PB
without increase in PAP

APAOS compl i ant: mor e
APVOs compliant: no V:



Causes of Pulmonary Hypertension

A Increased pulmonary blood flow (into a norma
vascular bed)

A Increased resistance in the precapillary
pulmonary vessels

A Abnormal resistance in the postcapillary vasct
bed (vascular constriction, obstruction, or
obliteration)



Classification of Pulmonary
Hypertension

1. Pulmonary Arterial Hypertension
2. Pulmonary hypertension with left heart dise.

3. Pulmonary hypertension associated with lur
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



Table 3. Revised Clinical Classification of Pulmonary
Hypertension (Venice 2003)

1. Pulmonary arterial hypertension (PAH)
1.1. Idiopathic (IPAH)
1.2. Familial (FPAH)
1.3. Associated with (APAH):
1.3.1. Collagen vascular disease
1.3.2. Congenital systemic-to-pulmonary shunts™
1.3.3. Portal hypertension
1.3.4. HIV infection
1.3.5. Drugs and toxins
1.3.6. Other (thyroid disorders, glycogen storage disease, Gaucher
disease, hereditary hemorrhagic telangiectasia,
hemoglobinopathies, myeloproliferative disorders, splenectomy)
1.4. Associated with significant venous or capillary involvement
1.4.1. Pulmonary veno-occlusive disease (PVOD)
1.4.2. Pulmonary capillary hemangiomatosis (PCH)
1.5. Persistent pulmonary hypertension of the newborn

J Am Coll Cardi®04:; 43:582S




. Pulmonary hypertension with left heart disease
2.1. Left-sided atrial or ventricular heart disease
2.2, Left-sided valvular heart disease

. Pulmonary hypertension associated with lung diseases and/or hypoxemia

3.1. Chronic obstructive pulmonary disease
3.2. Interstitial lung disease

3.3. Sleep-disordered breathing

3.4. Alveolar hypoventilation disorders

3.5. Chronic exposure to high altitude

3.6. Developmental abnormalities

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

4.1. Thromboembolic obstruction of proximal pulmonary arteries

4.2. Thromboembolic obstruction of distal pulmonary arteries

4.3. Non-thrombotic pulmonary embolism (tumor, parasites, foreign
material)

. Miscellaneous

arcoidosis, histiocyvtosis X, lymphangiomatosis, compression of
S dosis, histiocyt X, lymphang . P
pulmonary vessels (adenopathy, tumor, fibrosing mediastinitis)

J Am Coll Cardi®04:; 43:582S




PAH Causes

hronic hypoxia
cute lung Injury:

A hypoxemia, accumulation of fibrin & cellular debris, vascul:
obilteration

A WorldwideShistosomiasis maH$dni,

A Epidemics associated with toxins, pollutants,
medications
A Fenfluramine, dexfenfluramine, Amphetamines, cocaine,
A ? antidepressants
A Smoking
A Rapeseed oil, mercury, vinyl chloride, ergotamine, alkaloid

A C
A A




PAH causes

A Cause of PAH unclear

A Pulmonary artery endothelial dysfunction early
feature

AMay refl ect odoubl e |

A Loss of function of the bone morphogenetic proteir
receptor type 2 (BMPR2)

A Environmental factors: drugs, viruses or toxins



Table 2. Risk Factors and Associated Conditions for PAH
Identified During the Evian Meeting: (1998) and Classified
According to rhe Strength of Ev 1deme

A. Drugs and Toxins
1. Definite
® Aminorex

® Fenfluramine D I et p I | IS

® Dexfenfluramine

® Toxic rapeseed oil ’? I d t
2. Very likely Ncreasea seroto

. ~\mphet1mmes

® L-tryptophan
3. Possible

-amphetamines

® Cocaine

® Chemotherapeutic agents
4. Unlikely

® Antidepressants

® Oral contraceptives

® Estrogen therapy

C ' aphic and Medical Conditions
1. Definite
® Gender — Fe m al e

2. Possible

C. [)l\t'l‘ﬁe\ ’

1. Dchm}tt.r o e HIV

e HIV infection
2. Very likely

] Porrll hypertension/liver disease
ollage ular dlw ases

3. Possible
® Thyroid disorders

PAH Risk
Factors

Critically Il Children:
A Age (018 mos)
A Asplenia

A CDH (diaphragmatic hernia)
A CHD, CPB

A ARDS, PNA

A Bronchiolitis

A Sickle cell, thalassemias

J Am Coll Cardizfl04; 43:5%2S



Pulmonary Hypertension Definitions

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

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

A Eisenmeiger Syndrome= all systemipulmonary
arterial shunts leading to PH and resultinghih Br
bidirectional shunt



Pulmonary Arterial Hypertension
(PAH)

A Disease of small pulmonary arteries
A A Vasoconstrictio®, smooth muscle hypertrophy
A A Remodeling of the pulmonary vessel wall
A A Thrombosis In situ

A Progressive increase in PVR, RV failure, and death
A 125150 deaths/yr in U.S. in children



PAH Histology

A Intimal fibrosis
A Increased medial thickness
A Pulmonary arteriolar occlusion

A Plexiform lesions
A Clones of endothelial cells that proliferate
A Pathologic hallmark of PAH



Normal Pulmonary Artery




Reversible Disease

Smooth
MuscleHypertroph

Vasoconstriction




lrreversible Disease

Smooth Muscle Hypertophy /,._‘

Adventitial & Intimal Proliferation




Table Z. Functional Classification of Pulmonary Arterial
Hypertension.®

Class Description

Class | Pulmonary arterial hy pertension without a
resulting limitation of physical activity.
Ordinary physical activity does not cause
undue dyspnea or fatigue, chest pain, or
near syncope.

Class Il Pulmonary arterial by pertension resulting in
a slight limitation of physical activity. The
patient is comfortable at rest, but ordinary
physical activity causes undue dyspnea or
fatigue, chest pain, or near-syncope.

Class Il Pulmonary arterial hy pertension resulting in
a marked limitation of physical activity. The
patient is comfortable at rest, but less than
ordinary activity causes undue dyspnea or
fatigue, chest pain, or near-syncope.

Class IV Pulmonary arterial hypertension resulting in
an inability to carry out any physical activity

without symptoms. The patient has signs

of right heart failure. Dyspnea, fatigue, or

bath may be present even at rest, and dis-
comfort iz increased by any physical activity.

World Symposium on Primary Pulmonary Hypertension 1998, adopted from NYHA
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PAH - Vascular Modulators

Prostacycl®y vasodilator, inhibits platelet
activation, antiproliferativeecreased in PAH

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

Thromboxand vasoconstrictor, platelet
agonistincreased in PAH

EndothelinlA vasoconstrictor, stimulates SM
proliferation in PAincreased in PAH



PAH - Vascular Modulators

A Serotoni# vasoconstrictor, promotes SM cell
hypertrophy and hyperplas#&vated in PAH

A Adrenomodulid dilates pulmonary vesseleyvated
in PAH

A Vasoactive Intestinal Pepidesystemic
vasodilator, decreases PA presdemeased in PAH

A Vascular Endothelial Growth Factor (VGAF)
Involved in abnormal angiogenesis in response to
hypoxiaVGEF-1 R found in plexiform lesions in PA




Endothelial dysfunction-
vasoconstriction

A Imbalance between endothelium derived
vasodilators

A NO
A Prostacyclin
A And vasoconstrictors

A Endothelin 1
A thromboxane



PAH-Genetic Factors

A Familial estimatedi®% of cases
A AD Inheritance
A 10-20% of carriers have PAH

A Genetic anticipatigyn worse with each
successive generation



Medical management

A Treat underlying disease If identified

A COPD, pulmonary fibrosis, cardiac disease,
anticoagulation

A Calcium channel blockers
A Helpful in a few

A Hypoxiasensitive K+ channels involved with
calcium regulation are dysfunctional in PH

A Require vasoreactivity testing due to hypotension
side effect



NEJM2004; 351:142B436



