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Objectives:

- Examine Pathophysiology of PH

- Review hemodynamic definition of PH
- Define Pulmonary Hypertension & Pulmonary Arterial Hypertension

- Describe categorization 

- Outline goals of treatment and risk stratification for patients

- Describe non-pharmacologic treatment option for patients

- Review pharmacologic treatment options for patients

- Create a treatment plan 





How It Begins……
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Diagnosis is often LATE





PAH is one Cause of PH and is defined 

HEMODYNAMICALLY







Pulmonary Hypertension: Elevated Pressures 
in Pulmonary Vascular Bed





Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237



Group 3: PH associated with lung 
diseases and/or hypoxia

3.1 COPD and/or emphysema

3.2 Interstitial lung disease

3.3 Combined pulmonary fibrosis 

and emphysema

3.4 Other parenchymal lung 

diseases+

3.5 Nonparenchymal restrictive 

diseases:

3.5.1 hypoventilation syndromes

3.5.2 pneumonectomy

3.6 Hypoxia without lung disease 
(e.g. high altitude)

3.7 Developmental lung diseases

Group 2: PH associated with left 
heart disease

2.1 Heart failure:

2.1.1 with preserved ejection 

fraction

2.1.2 with reduced or mildly 

reduced ejection fraction

2.1.3 cardiomyopathies with 

specific aetiologies¶

2.2 Valvular heart disease:

2.2.1 aortic valve disease

2.2.2 mitral valve disease

2.2.3 mixed valvular disease

2.3 Congenital/acquired 

cardiovascular conditions leading to 
post-capillary PH

Group 1: PAH

1.1 Idiopathic

1.1.1 Long-term responders to 

calcium channel blockers

1.2 Heritable#

1.3 Associated with drugs and 

toxins#

1.4 Associated with:

1.4.1 connective tissue 

disease

1.4.2 HIV infection

1.4.3 portal hypertension

1.4.4 congenital heart 

disease

1.4.5 schistosomiasis

1.5 PAH with features of 

venous/capillary (PVOD/PCH) 

involvement

1.6 Persistent PH of the 

newborn

Group 4: PH associated 
with pulmonary artery 
obstructions

4.1 Chronic 

thromboembolic PH

4.2 Other pulmonary 

artery obstructions§

Group 5: PH with unclear and/or multifactorial mechanisms

5.1 Haematological disordersƒ

5.2 Systemic disorders: sarcoidosis, pulmonary 

Langerhans cell histiocytosis and neurofibromatosis 

type 1

5.3 Metabolic disorders##

5.4 Chronic renal failure with or without 

haemodialysis

5.5 Pulmonary tumour thrombotic microangiopathy

5.6 Fibrosing mediastinitis

5.7 Complex congenital heart disease

2024 WHO Classification





Multidimensional strategy for risk stratification and treatment decisions in pulmonary arterial 

hypertension (PAH). 

Fabio Dardi et al. Eur Respir J 

doi:10.1183/13993003.01323-2024
©2024 by European Respiratory Society



Risk

Stratification



REVAL Score Risk Assessment



Risk Assessment 
on FU



Goals of Therapy in PAH

 Achieve and maintain a low-risk status

 Improve symptoms

 Enhance functional capacity

 Improve hemodynamics

 Increase quality of life

 Prevent disease progression

 Advance survival

Galie N et al. Euro Heart J. 2016; 37: 67 – 119.

McLaughlin V et al. Circulation. 2009; 119(16): 2250 -2294.



Nonpharmacologic Treatment of PAH

 Vaccination up to date

 Oxygen if hypoxic with ambulation

 Nocturnal O2/CPAP  if warranted

 Participate in a supervised exercise 

program

 Avoid Pregnancy

 Low Sodium/Heart Healthy Diet







Pharmacologic 
Treatment



Therapeutic 

Landscape
for WHO Group 1

PAH

• Medications targeting 
four different pathways

Eur Respir J 2024 64(4): 2401325



Timeline of Medication Approval

Macitentan
Adapted from Gaine et al. Eur Respir Rev 2017; 26(146): 170095.

1995 

Epoprostenol (IV)

2005 2010 2000 2015 

Treprostinil (SC)

Treprostinil (IV)

Bosentan 

Sildenafil

Ambrisentan

Tadalafil

Treprostinil (inhaled)

Treprostinil (oral)

Macitentan

Riociguat

Endothelin Receptor Antagonists = yellow
PDE-5 inhibitor and sGC stimulator = blue
Prostacyclin analogs and prostacyclin receptor agonists = pink
Activin signaling inhibitor = green

Selexipag (oral)

2025 

Sotatercept

-tadalafil  

Iloprost (inhaled)



Eur Respir J 2024 64(4): 2401325

WHO Group 1 PAH Treatment 



WHO Group 1 PAH – Key Clinical Trials

Eur Respir J 2024 64(4): 2401325



Endothelin Receptor Antagonist

Drug Class ROA Typical Dose Monitoring Adverse Effects

Bosentan
(Tracleer)

Endothelin-A and 
-B receptor 

antagonist

PO Initial 62.5 mg 
BID x 4 weeks, 

then up to 125 

mg BID

LFTs (baseline & 
monthly) - *REMS

Contraindicated in 
pregnancy

Hepatic impairment, 

embryo-fetal toxicity, 
edema, nasal 

congestion, flushing, 
headache, anemia, 

decreased sperm 

counts

Ambrisentan 
(Letairis)

Endothelin-A 
receptor 

antagonist

PO 5 to 10 mg daily Baseline Hgb and 
LFTs

Contraindicated in 
pregnancy

Macitentan 

(Opsumit)

Endothelin-A and 
-B receptor 

antagonist

PO 10 mg daily



Nitric Oxide Pathway

Drug Class ROA Typical Dose Monitoring Adverse Effects

Sildenafil
(Revatio)

PDE-5i PO 20 to 80 mg TID Vital signs Headache, flushing, 

epistaxis, vision changes, 

tinnitus 

Tadalafil
(Adcirca)

PDE-5i PO 40mg  daily Vital signs Headache, flushing, 

myalgia, vision changes, 

tinnitus 

Riociguat
(Adempas)

Soluble 

guanylate 

cyclase 

stimulator

PO 0.5-1 mg TID, may 

increase by 0.5 

mg TID every 2 

weeks to 2.5 mg 

TID

Monthly 

pregnancy test

*REMS

Embryo-fetal toxicity, 

dyspepsia, nausea, 

diarrhea, headache, 

flushing, vision changes, 

tinnitus 



Prostacyclin Pathway
Drug Class ROA Typical Dose Monitoring Adverse Effects

Epoprostenol

(Veletri, Flolan)

Synthetic 

prostacyclin

IV Initiate at 2 ng/kg/min and 

titrate every 4-6 hours to goal
max tolerated dose, 25-60 
ng/kg/min or greater over 

time

Vital signs, signs of 

rebound PH

Flushing, N/V, jaw 

pain, HA, myalgia, 
hypotension

Iloprost

(Ventavis)

Synthetic 

prostacyclin

INH Initial 2.5 mcg, if tolerated give 

5 mcg 6-9 times per day

Vital signs, asthma, 

pulmonary infections

Bronchospasm, 

cough, vasodilation, 
flushing, HA

Treprostinil

(Remodulin) – IV or SC
(Orenitram) - oral
(Tyvaso neb) - inhaled

(Tyvaso DPI) - inhaled
(Yutrepia) – inhaled

Synthetic 

prostacyclin

INH

IV, SC
PO

INH: four times daily

IV/SC: 1.25 ng/kg/min 
continuous infusion, titrate as 

tolerated

PO: 0.25 mg BID or 0.125 TID, 
titrate every 3 to 4 days as 

tolerated

Vital signs, 

pulmonary irritation 
(INH)

Flushing, N/V, jaw 

pain, HA, myalgia, 
hypotension, injection 

site reactions (SC), 

blood stream 
infections (IV)

Selexipag 

(Uptravi)

Prostacyclin 

IP-receptor 
agonist

PO 200 to 1600 mcg BID LFTs, vital signs HA, N/V, jaw pain



Parenteral Prostacyclin Devices

Intravenous Subcutaneous 

CADD®-SOLIS 
AMBULATORY 

INFUSION PUMP
It is very important these medications are not stopped!  

IV Line should not be used for any other purpose and should not be flushed!



Activin Pathway

Drug Class ROA Typical Dose Monitoring Adverse Effects

Sotatercept

(Winrevair)

Activing 

signaling 
inhibitor

Subcutaneous

Injection
(done at home)

Initial dosing: 0.3 mg/kg 

Maintenance dose: 0.7 mg/kg 
every 3 weeks

Hgb and platelets 

before each dose 
for the first 5 doses, 
then periodically 

thereafter

Headache, bleeding 

(epistaxis), 
telangiectasia, 

diarrhea



Inhaled Prostacyclin Devices

Iloprost

 (Ventavis) Treprostinil (Tyvaso) Treprostinil (Yutrepia)



Inhaled Prostacyclin 

Iloprost (Ventavis)

Device Home: iNeb inhaler 

Hospital: Aero Neb

Dosing 2.5 to 5 mcg  6-9 times 

daily

• during waking hours, 

minimum 2 hours 

between doses

Half-life 20 to 30 minutes

Important

Note

Ampules come in 

several concentrations



Inhaled Prostacyclin
Treprostinil (Tyvaso) nebulized

Device Tyvaso Inhalation System 
• Patient specific device

• With start of therapy patients are supplied 

with two devices

Dosing • 1 breath =6 mcg

• Initial: 1-3 breaths QID

• Titrated by 1-3 breaths (typically weekly)
• Maintenance Dose: 9-12 breaths QID

*higher dosing may be used

Half-life 4 hours

Important
Note

• One ampule of medication supplies doses 
for all day

• Outpatient mediation and supplies come 

from specialty pharmacy; must have home 
supply before discharge





Inhaled Prostacyclin

Treprostinil (Tyvaso DPI) – dry powder

Device Tyvaso DPI inhaler
• Inhaler replaced every 7 days

Dosing Initial dose: 16 mcg QID
Titrate by 16 mcg every 1-2 weeks 

Maintenance dose: usually 64 mcg QID

*higher doses can be used

Half-life 4 hours

Important
Note

• Do not wash the inhaler, must be kept 
dry

• May use multiple different cartridges 

based on dose prescribed



Inhaled Prostacyclin

Tyvaso DPI



Inhaled Prostacyclin
Treprostinil (Yutrepia) – dry powder

Device
• Inhaler replaced every 7 days

Dosing Initial dose: 26.5 mcg  QID
Titrate by 26.5 mcg every 1-2 weeks

Maintenance dose: usually 106 mcg 

QID
*higher doses can be used

Half-life 4 hours

Important
Note

• Use two breaths with each dose
• Outpatient mediation and supplies 

come from specialty pharmacy; 

must have home supply before 
discharge

• Ensure patients do not swallow 
capsules

• Clean capsule chamber with brush, 

new brush each day
• Clean mouthpiece with dry cloth



Inhaled Prostacyclin

Yutrepia

Two breaths per dose



Inhaled Prostacyclin

 Selection of nebulized or dry-powder 

products is based in part on patient’s 

respiratory function 

 SHOULD NOT INTERCHANGE BETWEEN 

INHALED FORMULATIONS without 

consulting pulmonary hypertension 

specialist



WHO Group 3



WHO Group 3 Treatment

 Important to treat underlying 

condition

 Use of pulmonary hypertension 

therapies should be carefully 

considered, as some treatments 

can cause harm

 Treatment with inhaled 

prostacyclin therapy can be 

beneficial in treating pulmonary 
hypertension in some patients 

with ILD

Eur Respir J 2024; 64: 2401200



WHO Group 3 – Clinical Trials

PERFECT Trial

Design Multi-center, randomized, double-

blind, placebo-controlled, crossover

Population Adult COPD patients (n=64) with pre-

capillary PH with mPAP ≥30 mmHg 

and PVR ≥4 WU

Treatment Inhaled treprostinil (neb) vs. placebo 

Outcome Stopped early for increasing risk of 
serious events and suggestive 

evidence of increased risk of mortality

Eur Respir J 2024; 63: 2400172



WHO Group 3 – Clinical Trials

INCREASE Trial

Design Multi-center, randomized, double-blind, 

placebo-controlled 

Population Adults with ILD and pulmonary 

hypertension (mPAP≥ 25 mm Hg, PVR > 3 

wood units, PWCP ≤ 15 mm Hg)

(n=326)

Treatment Inhaled treprostinil (nebulizer) vs. placebo 

Primary 

Outcome

Change in 6MWD at 16 weeks

Secondary 

Outcome

Change in NT-proBNP and time to clinical 

worsening at 16 weeks

N Engl J Med 2021;384:325-34.





PATIENT CASE



Patient Case

 DB is a 30-year-old female who presents to the hospital with 

worsening shortness of breath.

 She noticed that over the past 3 months she has not been 

able to walk her dog as far throughout her neighborhood.

 PMH:  Seasonal allergies

 Current medications:  ibuprofen 400 mg if needed (reports 

use of 800 mg twice daily for 2-3 days/month during 

menstrual period)



Patient Case

 Height:  5’6’’

 Weight:  66 kg

 Vitals:  HR 80 bpm, BP 110/78 mm Hg, 

O2 Sat 95% (room air)

 Laboratory results:

 pro-BNP 55 pg/mL
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105

27

16

0.9

87

• 6MWD=  450 meters

• ECHO: Moderately dilated right ventricle, LVEF 60% with 

normal systolic function, no pericardial effusion

• Right Heart Catheterization: 

– PA 70/30 mm Hg,  mPAP 43 mm Hg

– PA saturation 64%

– RA pressure 5 mm Hg

– PVR 6.7 Woods units

– Cardiac index 2.3 L/min/m2

– SVR 1482 dynes⋅sec⋅cm-5

– PAWP 10 mm Hg



Patient Case

 After further diagnostic testing, DB is diagnosed idiopathic PAH.  

 Her current symptoms are significant consistent with WHO functional class II, HR 85 bpm, BP 
115/79 mm Hg 

• Baseline

– PA 70/30 mm Hg

– mPAP 43 mm Hg

– PVR 6.7 Woods units

– Cardiac index 2.3 L/min/m2

• Vasoreactivity testing

– PA 60/23 mm Hg

– mPAP 38 mm Hg

– PVR 6.7 Woods units

– Cardiac index 2.5 L/min/m2



Patient Case

Which is appropriate initial medication treatment 
for DB?

A. Inhaled treprostinil

B. Sildenafil 

C. Oral treprostinil and sildenafil

D. Tadalafil and macitentan



Patient Case

• Pregnancy DB returns to clinic in 3 months after 

initiating treatment

• DB reports one episode of syncope in the past 

week.

• 6MWD =  300 meters (previously 450 meters)

• Laboratory results:

• pro-BNP 1643 pg/mL

• AST 40 U/L, ALT 54 U/L

• Pregnancy test: negative

• Vitals:  HR 90 bpm, BP 105/70 mm Hg, O2 

Sat 91% (room air)
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ECHO results:

Severely dilated right ventricle, LVEF 40%, 

no pericardial effusion



Patient Case

What should be the next step in treatment?

A. Add inhaled treprostinil

B. Add intravenous epoprostenol

C. Add selexipag

D. No changes needed



Thank You!


