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Objectives 

• Update on latest classification 

• Understand the pathophysiologic basis of  the disease 

• Understand external factors leading to exacerbation 
of     disease 

• Understand acute management 

• Learn about the therapeutic options 



Case Scenario 

A full term male infant is born with prenatal dx of  
severely underdeveloped R lung. Intubated at birth for 
4 days, extubated to CPAP and required re-intubation 
for respiratory distress, hypoxemia and hypercarbia. An 
ECHO done revealed a normal heart, pulmonary 
hypertension and a small pulmonary artery. Over the 
course of  the subsequent weeks he’s required higher 
ventilatory support with HFOV due to severe 
hypoxemia and hypercarbia, requiring iNO and 
inotropic support……… 



He’s being transferred to your unit (NICU) and you 
will be admitting this neonate… Any questions? 

A. Wait what? Me? Admitting this patient??  

B. Uhhh my shift is over… now! 

C. There must be a mistake… I only 
care for stable patients… 

D. Piece of  cake! I got this…  



So what is pulmonary hypertension? 



Intra-thoracic Pressures 

Normal Cardiac Pressures 



Definition 

• pHTN:  
mPAP of  >25mmHg at 
rest via cath 

• Arterial pHTN:  
pHTN + pCWP < 15 

 

• So really… the pressures in 
the pulmonary circulation 
are elevated 

 

 

 



Are there different categories that classify pulmonary 
hypertension? 

A. No, the main category is ‘pulmonary hypertension’ 

B. Yes, 2- arterial and venous 

C. Yes, adult and pediatric 

D. Yes, there are many and they have further 
subcategories depending on different etiologies 



Background 



WHO Classification 

• More precise terminology and precise definition 

 
Updated Classification of Pulmonary Hypertension1 

1. Pulmonary arterial hypertension 

2. Pulmonary hypertension due to left heart disease 

3. Pulmonary hypertension due to lung disease or hypoxia 

4. Chronic thromboembolic pulmonary hypertension 

5.Pulmonary hypertension due to unclear multifactorial mechanism 

6. Pulmonary hypertension due to toxins or drugs 



WHO Classification 

Updated Classification of Pulmonary Hypertension1 

1. Pulmonary arterial hypertension 

     a. Idiopathic 

     b. Heritable 

     c. Drug and toxin induced 

     d. Multifactorial associations (connective tissue disease, HIV,  portal            
         hypertension, congenital heart disease, schistosomiasis) 
2. Pulmonary hypertension due to left heart disease 

3. Pulmonary hypertension due to lung disease or hypoxia 

4. Chronic thromboembolic pulmonary hypertension 

5.Pulmonary hypertension due to unclear multifactorial mechanism 

6. Pulmonary hypertension due to toxins or drugs 



Pathogenesis  

• Mediated by 
• Genetic variants 

• Inflammatory activity or infectious trigger 

• Gender:  

But they also 
respond 
More favorably  
To therapy 



Pathophysiology 

Mechanisms: 
1. Increased pulmonary blood flow 

2. Hypoxia induced vasoconstriction (ILD, COPD) 

3. Alveolar hypoxia 

4. Increased resistance in pre-capillary vasculature 

5. Abnormal resistance in post-capillary vaculature 



Pathophysiology: Triad 

Early        Progression   Late
   



Pathophysiology: Vasculature 



Pathophysiology: vasoconstriction 

Smooth muscle proliferation in small arteries 
 
Vasoconstriction factors > Vasodilatory factors  



Pathophysiology: Vasoconstriction 



Pathophysiology: Microthrombi 

Etiologies: 
 
Reduced Protein C and S 
 
Increased vW factor 
 
Unspecified coagulation 
abnormalities 
 
Unknown 



Pathophysiology: Remodeling 

• Key aspect of  
PAH 

• Arterial or 
venous 

• Etiology: 
• Inflammation: 

toxic, infectious, 
autoimmune 
events 

• Gene defects 

• Chronic & 
irreversible 

• No therapy 

Severe medial 
hypertrophy 



Pathophysiology: Right Heart 

RV hypertrophy 
RV dilation 
intraventricular 
septum  LV 

Increased RV P/V 
Impaired relaxation 
Myocardial ischemia 
Decreased CO 

Oxygen demand > supply 
RV failure 
Further decreased CO 
 



Pathophysiology: Overall 



What symptoms do children with pulmonary 
hypertension present with? 

A. Non-specific with fatigue, dyspnea, FTT and SOB 

B. Chest pain, cyanosis, clubbing 

C. Wheezing, respiratory distress, cyanosis 

D. Seizures, cyanosis, inability to be active 



Clinical Presentation 
225 
 

Consider pHTN in patients with: 
 
 Unexplained SOB 
 Dyspnea with exertion 
 Syncope 
 Fatigue 
 



 



How do we describe the mechanism of  a pulmonary 
hypertensive crisis? 

A. Pulmonary hypertension with loss of  consciousness 

B. Severe pulmonary hypertension  decreased pulmonary 
CO  RV strain  abnormal O2/CO2 exchange 
decreased systemic CO + hypoxemia +hypercarbia 

C. Pulmonary hypertension with no blood pressure and 
arrhythmias 

D. Pulmonary hypertension with RV failure and 
hypotension  



Clinical Presentation: PH 
Crisis 



How do we manage patients with suspected pulmonary 
hypertension? 

A. Start treatment with Bosentan,sildenafil, iNO, O2, 
CCB and inhaled prostacycline and…. 

B. Catheterize them all 

C. Echocardiography 

D. Always intubate them 



Diagnostic Tree 



Diagnostics: ECHO 

• Echocardiogram 
• Important non-invasive screening tool to assess pHTN 

• Anatomy, RV-LV relationship, function 

RV LV 

LA RA 

RA 
LA 

LV RV 

NORMAL Pulm HTN 



Diagnostics: Cath 

• Gold standard for diagnosis 

• Goals for cardiac catheterization in children: 
 (1) Confirm diagnosis and assess severity of  disease; 
   a. Pressures, saturations, obstruction, resistance 
 (2) Assess the response to pulmonary vasodilators;  
         (3) Evaluate the response to therapy;  
 (4) Exclude other, potentially treatable, diagnoses;  
 (5) Assess operability of  patients; 
 (6) Assist in suitability for transplantation.  
 
*Catheterization should performed before initiating therapy 



Diagnostics: Cath 

Measure: 
 
• Pressures 
• Shunts 
• Function 
• Saturations 
• CO 
• Vascular:  

• Anatomy 
• Reactivity 

 





Therapy: Goals 

• Avoid increases in Pulmonary artery pressures 

• Maintain coronary artery perfusion pressure 



Management: Do No Harm! 



Therapy: Treatment 
• First line: oxygenation and alkalinzation 

• Maintain saturations >95% 
• Avoid any hypoxemia (elevation, flight, illness) 
• Correct acidosis 

• Respiratory treatment 

• iNO (best studied and widely used) 

• Minimizing catecholamine stimulation (pain/agitation) 

• Ventilator: Avoid over/under expansion with PPV 

• Pharmaceutical: alter one of  three endothelial signaling  
cascades: NO-cGMP, PGI2 , and ET-1 

• Sedation: Avoid ketamine 



Therapy: Acute 
• Pulmonary vasodilation 

• Oxygen 
• BVM 
• Sedation/Paralysis 
• Pain medication 
• Correct acid/base disorder 
• Evaluate lung fields 
• Optimize respiratory status 
• Treat cause: drugs, toxins, infection 
• Pharmaceuticals: iNO, milrinone. Epinephrine 

• Correct any respiratory disease  
• Bronchodilators, abx, recruitment 

• Assess and support RV 

• Surgical: atrial septostomy 

 
 



Sildenafil 
Epoprostenol/Iloprost 

Bosentan 

Vasodilator Therapy: 
     iNO 
     oxygen 
     Prostacyclin agonists 
     Ca channel blockers 
     Endothelin-receptor      
        blockers 
     PDE inbibitors  
Anticoagulants: 
     Porstacyclin agonists 
     Warfarin 



What therapies have been studied and approved for the 
use in children? 

A. Bosentan, inhaled Epoprostenol only 

B. Sildenafil only 

C. Oxygen and iNO only 

D. Oxygen, iNO, sildenafil only 



Therapy: FDA 

• August 2012, adding a warning stating that “use 
of Revatio (sildenafil), particularly chronic use, is 
not recommended in children.” 





Therapy: Challenges 

• Except for the use of  iNO in PPHN and severe 
respiratory failure, no approved therapies for 
pulmonary hypertension exist for children. 

• None of  the adult therapies have been formally 
approved for children  

• Lung transplant: last resort and  
low 5- year survival 



Prognosis 

• Mortality: 
• Prior to vasodilator therapy, survival after diagnosis: 1-2 years 
• 2009 U.K. report in children: survival of  85.6%, 79.7%, 

71.9% at 1, 3, and 5 years. 
• Short-term vasodilator testing responsiveness: 5-yr survival of  

90%. 
• Short-term vasodilator testing unresponsive: 5-yr survival of  

33% 
• Directly related to RV function 

• Morbidity: 
• Related to arrhythmias, CO, line infections 



What we know.. 

• How to define pulmonary hypertension 

• Classification 

• Non-specific clinical symptoms 

• The 2 approved therapies in children 

• Mortality has improved 



What else do we know? 

• Not a whole lot!  
• The cellular and molecular basis is still not well understood 

• Adult and pediatric pulmonary hypertension etiology 
differs, so we can’t really extrapolate from adults 

• Therapeutic strategies for adults haven’t  
been sufficiently studied in children 

• We treat pHTN with unapproved therapies for  
pediatric patients…  

 



 





Research 

• Ongoing studies looking at new 
medications and their responses 

• Focusing on the molecular and cellular  
basis of  the disease  

• Studies establishing evidence based 
therapies for children 

• RV focused therapies 

• Enhance quality of  life of  afflicted 
individuals 

• CURE 
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