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Overview 

• Definition of pulmonary hypertension

• Presentation

• Diagnostic evaluation

• Treatment 

• Safety of exercise in PH patients 

• PH patient care at OhioHealth RMH 
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Definition

• mean pulmonary artery pressure (mPAP) > 20 mmHg 

– PVR > 2 Wood units → pre-capillary pulmonary hypertension
• relatively low wedge pressure and high mean PA pressure 

• RV enlargement with reduced RV function 

• one type of pre-capillary pulmonary hypertension (PH) is pulmonary arterial hypertension (PAH) 

– PVR < 2 Wood units → post-capillary pulmonary hypertension  
• relatively high wedge pressure from left heart disease and lower mean PA pressures 

• less RV enlargement and dysfunction 

– can have combined pre-capillary/post-capillary pulmonary hypertension 
• relatively high wedge pressure from long term left heart disease but also very high PA pressures 

• RV enlargement with reduced RV function 
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Presentation

• dyspnea

• edema

• lightheadedness and/or syncope

• abnormal echocardiogram
– RV enlargement with reduced RV function 

– elevated estimated RVSP 

– PH is likely if RVSP is greater than 50mmHg 

– significant PH is unlikely if RVSP is < 35mmHg

• history of pulmonary embolism

• scleroderma or other autoimmune disease 

• family history of pulmonary hypertension 

www.onlinejase.com/article/S0894-7317(12)00800-0/fulltext
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Causes 

• familial

• idiopathic

• autoimmune disease

• drug/toxin

• HIV

• portal hypertension

• congenital heart disease

• left sided heart disease

• COPD

• ILD

• OSA

• CTEPH

• sarcoidosis

• sickle cell anemia

• splenectomy

• metabolic diseases
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Evaluation

• echocardiogram
– RVSP estimate

– RV size and function

– evidence of left heart disease and/or 
valvular heart disease 

• right heart 
catheterization/LVEDP/shunt run

• cardiac MRI 

• PFTs

• sleep study 

• CT chest without contrast

• V/Q scan  

• 6 minute walk test 

• labs
– CMP

– CBC

– NTproBNP

– HIV

– hepatitis screening panel

– sedimentation rate

– anticentromere antibody

– ANA

– RF

– TSH

• history of drug use 

• history of weight loss medication use 

• family history of pulmonary hypertension
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Classification of PH

- mPAP

- PAWP

- PVR 

Other diagnostic testing 



8

Pulmonary Hypertension 

Classification

w ww.phassociation.org

Classification of PH

- mPAP

- PAWP

- PVR 

- PAH reserved for WHO group I 

Other diagnostic testing

This isn’t always as easy as it appears… 
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WHO Group I PAH treatment
• Endothelin receptor antagonists (ERA)

– bosentan, macitentan, ambrisentan

– Category X

• Phosphodiesterase type 5 inhibitor (PDE-5)

– sildenafil, tadalafil 

• Prostacyclin derivatives
– epoprostenol, treprostinil

– inhaled, IV, SQ, oral formulations

• Prostacyclin receptor agonists

– selexipag

• Soluble guanylate cyclase stimulator 

– riociguat

– Category X

• side effects
– flushing

– headache

– nasal congestion

– peripheral edema

– GERD/dyspepsia

– N/V/D

• drug-drug interactions

– PDE-5 inhibitors and nitrates

– PDE-5 inhibitors and riociguat

– risk for life threatening 
hypotension 

– add nitrates to “allergy” list 
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WHO Group I PAH treatment

www.ty v aso.com

www.emcrit.org

www.v eletri.com

http://www.tyvaso.com/
http://www.veletri.com/
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WHO Group II PH Treatment 

• Treat the underlying disease process…
– afterload reduction

– loop diuretics to maintain euvolemia 

– blood pressure control

– revascularization for CAD 

– amyloid disease modifying agents 

– valve repair or replacement 
• tricuspid valve? 

• In my clinical experience…
– spironolactone

– digoxin 

• Morbidity and mortality is high especially in patients with RV dysfunction. 

Ghio S et al. J Am Coll Cardiol 2001; 37: 183.

HemnesAR et al. Circ Res 2017; 121: 1136. 

Miller WL et al. Circ Cardiovasc Imaging 2014; 7: 330. 
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WHO Group III PH 

• Pulmonary hypertension secondary to lung disease 

– COPD

– interstitial lung disease

– chronic hypoxemia secondary to obesity hypoventilation syndrome 

– sleep apnea

• Treat the underlying disease process…

– oxygen to maintain saturations > 90%

– treatment of nocturnal hypoxemia 

– treatment of underlying lung disease

– smoking cessation 
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WHO Group IV PH Treatment  
• abnormal V/Q scan 

• anticoagulation indefinitely 

– warfarin

– direct oral anticoagulant (DOAC)? 

• referral to CTEPH center of excellence 

– pulmonary hypertension specialists, intensivists, radiologists, cardiothoracic 
surgeons, cardiac anesthesiology 

• Pulmonary endarterectomy is treatment of choice

– proximal clot amenable to surgical removal

– resection of thrombi will lower PVR

– no limiting comorbid conditions 

Jamieson SW et al. Annals Thor Surg 2003; 76:1457-64. 
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WHO Group V PH 

• sarcoidosis

• blood disorders

– sickle cell anemia

– chronic hemolytic anemia

• inborn errors of metabolism

• thyroid disease

• ESRD

• Treat the underlying disease process… 

• Limited evidence for use of pulmonary vasodilators 
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Is it safe to let patients with 

pulmonary hypertension 

exercise? 
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Things to consider…

• different types of pulmonary hypertension

• different degrees of left and right heart failure 

– evidence for benefit of cardiac rehab in patients with heart failure 

• inpatient versus outpatient therapy 

• Little evidence in the medical literature for exercise or rehab in 

patients with pulmonary hypertension. 

– Historically, it was thought that exercise could be dangerous. 

• Patient may require supplemental oxygen. 

• Patient may be anticoagulated. 
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Safety of exercise in PH patients

• Patients can have symptoms including exertional dyspnea, presyncope 

and even syncope. 

• PH patients instructed to avoid exertion due to concerns for increased risk 

of worsening RV failure and/or sudden cardiac death.

• Patient with higher physical activity level have better long term survival.

• Studies provide evidence that exercise is safe and can be beneficial.
• Respiration in 2011

• European Respiratory Journal in 2012
• stable condition
• on pulmonary vasodilator therapy
• under close supervision of provider at PAH center
• training specially designed for PH patients 
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No worldwide consensus:

- 3 weeks inpatient training

- home based training  

Improvement in 6MWT distance 

has been replicated in many 

studies. 

Self reported compliance rates 

were high. Effects are 

sustainable with improved long-

term survival. 
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Most common adverse event 

was respiratory infection 

requiring temporary 

discontinuation of training. 

PAH patients are often 

unaware of their own 

limitations. 
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PH patient care at OhioHealth RMH 

• We are seeing patients with all types of pulmonary hypertension in the 

HDMC and the pulmonology practice in Dublin. 

• We have about 100 patients on pulmonary vasodilators. 

• We can…

• administer inhaled epoprostenol in ICU

• patient in shock from right heart failure 

• we can start IV or SQ prostacyclin therapy for PAH

• we can hospitalize patients on IV or SQ prostacyclin therapy at home

• administer oral pulmonary vasodilators for inpatients 
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Signage for patient on 

IV or SQ continuous 

prostacyclin infusion 

Stickers on IV tubing 
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Summary

• PH is a common condition that can result in significant patient debility. 

• Must determine etiology of PH to treat it correctly! 

• Safety first…
• PH patient must be clinically stable. 

• Exercise should begin in “inpatient” setting. 

• Start at a very low workload

• Oxygen saturation > 85% 

• Heart rate < 120 but take resting heart rate into consideration 

• Teach patient to accept the disease and understand their limitations.

• Never hesitate to reach out to PH provider for guidance. 
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Questions? 
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