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Objectives

1. Recognize the clinical features, risk factors, and classification of 
pulmonary hypertension

2. Describe the recommended diagnostic evaluation for suspected 
pulmonary hypertension.

3. Apply current evidence-based management strategies for the 
treatment of pulmonary hypertension



Gaps/ Needs/ Outcome

Clinicians may not be aware of the history of pulmonary 
hypertension due to limited clinical indicators

Education is necessary to improve early recognition and appropriate 
treatment

To improve the treatment of patients with pulmonary hypertension









Pathology of  PH
• Medial Hypertrophy

• Intimal proliferation

• Adventitial Thickening

• Plexiform lesions

• In Situ Thrombosis

Hassoun PM. Pulmonary Arterial Hypertension. N Engl J Med. 2021 Dec 16;385(25):2361-2376. PMID: 34910865.





Werner 
Forssmann 

(1929)



Measurement Normal Value

mPAP 10−20 mmHg

PVR 0.5−2.0 Wood Units

PCWP 4−12 mmHg

CO 4−6 L/min

RAP 2−6 mmHg



No Viable Treatment Options…
…But at least it’s rare







The Epidemic

20-fold increase



The Epidemic



The Epidemic



Drug Associated Pulmonary Hypertension



Aminorex 
Implications

1968

Aminorex withdrawn from 
market

1973

First WHO PH Symposium
• Standard Nomenclature
• Standard Definition
• Registry Recommendation

1981

NIH Registry
• 187 Patients enrolled
• 32 Centers



WHO Symposium Definitions 

Definition

• mPAP ≥ 25 mmHg
• PCWP ≤ 15 mmHg

Classification

• Primary
• Secondary
• Associated.

The definition of ≥ 25 mmHg 
remained the definition for 45 
years
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NIH Registry Findings

Mean age

• 36 years

Female : male

• 1.7

Average 2-year delay 
to time of diagnosis

• mPAP was 60 mmHg 
at time of diagnosis

Prognostic variables

• NYHA III and IV
• Elevated RA pressure
• Elevated mPAP
• Decreased cardiac 

index
• Decreased DLCO

Annals of Internal Medicine. 1987. Rich S, Dantzker DR, Ayres SM, et al.



NIH Registry – Survival 
(1991)
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Medications Studied

• Isosorbide dinitrate
• Phentolamine
• Hydralazine
• Isoproterenol
• Captopril
• Nifedipine
• Diltiazem
• Prostacyclin PGI2







Epoprostenol
– 1995 





That Sounds Great!!









Mechanisms of Exercise Intolerance

V̇O2 = Q̇ � 𝐶𝐶aO2 − 𝐶𝐶�vO2

C6H1206 + 6O2 → 6𝐶𝐶O2 + 6H2𝑂𝑂

H+ + HCO3
− → 𝐶𝐶O2 + H2𝑂𝑂



Mechanisms of Exercise Intolerance



Ventilatory Inefficiency

𝑉̇𝑉𝐸𝐸
𝑉̇𝑉𝐶𝐶𝐶𝐶2

=
863

𝑃𝑃𝑎𝑎𝐶𝐶𝐶𝐶2 � 1 − 𝑉𝑉𝐷𝐷
𝑉𝑉𝑇𝑇







The First Wave

2001 – BREATHE-1 Trial
• Boesntan -- ERA
• 1° Outcome – 6 min walk test

• Placebo - 8 meters
• Low dose + 27 meters
• High dose + 54 meters

• 2° Outcome
• Improved FC
• Improved dyspnea scores

• Safety
• Hepatic toxicity (10%)
• Teratogenicity



The First Wave

20025– SUPER-1 Trial
• ° Outcome – 6 min walk test

• Improved 45-50 meters all doses

• 2° Outcome
• Significant reduction in mPAP and 

PVR
• Improved dyspnea scores

• Safety
• Mild side effects





Summary of PH Pharmaceuticals

PGI2 Pathway Nitric Oxide PathwayEndothelin Pathway
Epoprostenol
1996
Compared to placebo 
Advantages:  The first, only drug to reduce 
mortality
Disadvantages:  Stability, half life, side effects, 
delivery



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol

Nitric Oxide PathwayEndothelin PathwayBosentan – BREATHE-1
2002 (oral)
Compared to placebo 
Advantages:  Oral
Disadvantages:  Liver toxicity, teratogenicity



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol

Nitric Oxide PathwayEndothelin Pathway
Bosentan

Treprostinil
2002 (SC, IV)
Compared to placebo 
Advantages:  SC modality, chemically stable, SC 
and IV routes, longer half life

Later: Oral and inhaled formulations



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil

Nitric Oxide PathwayEndothelin Pathway
Bosentan

Iloprost – AIR Trial
2002 (inhaled)
Compared to placebo 
Advantages:  No central lines!
Disadvantages:  6-9 times daily

No Longer Available



Summary of PH Pharmaceuticals

PGI2 Pathway
1996 – Epoprostenol
Treprostinil
Iloprost

Nitric Oxide PathwayEndothelin Pathway
Bosentan

SildenafiL / SUPER-1 Trial
2005
Compared to placebo
Advantages:  Safe, oral



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost

Nitric Oxide Pathway
Sildenafil

Endothelin Pathway
Bosentan

Ambrisentan – ARIES-1 / -2
2008 (oral)
Compared to placebo 
Advantages:  Oral, less liver toxicity, selective
Disadvantages:  Teratogenicity



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost

Nitric Oxide Pathway
Sildenafil

Endothelin Pathway
Bosentan
Ambrisentan

Tadalafil / PHIRST Trial
2009
Compared to placebo (but half on bosentan)
Advantages:  Once daily



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost

Nitric Oxide Pathway
Sildenafil
Tadalafil

Endothelin Pathway
Bosentan
Ambrisentan

Riociguat / PATENT-1 Trial
2013
Compared to placebo (half were on background)
Advantages:  Approved for CTEPH, more potent
Note:  CANNOT COMBINE WITH PDE5i



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost

Nitric Oxide Pathway
Sildenafil
Tadalafil
Riociguat

Endothelin Pathway
Bosentan
Ambrisentan

Macitentan – SERAPHIN
2013 (oral)
Compared to placebo / background
Advantages:  Oral, less liver toxicity, better tissue 
penetration
Disadvantages:  Teratogenicity



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost

Nitric Oxide Pathway
Sildenafil
Tadalafil
Riociguat

Endothelin Pathway
Bosentan
Ambrisentan
Macitentan

Selexipag – GRIPHON
2015 (oral)
Compared to background 
Advantages:  Oral, no proprietary pumps, inhalers



Summary of PH Pharmaceuticals

PGI2 Pathway
Epoprostenol
Treprostinil
Iloprost
Selexipag

Nitric Oxide Pathway
Sildenafil
Tadalafil
Riociguat

Endothelin Pathway
Bosentan
Ambrisentan
Macitentan







We have the 
tools…
Now how do we use them?



Redefined Hemodynamic Thresholds

MPAP > 20 mmHg
Previously ≥ 25 mmHg

PVR >2
Previously > 3

PCWP ≤ 15 mmHg



Pulmonary Hypertension Severity MPAP = CO � PVR + PCWP



Pulmonary Hypertension Severity
Determinants of prognosis 
(estimated 1-year mortality) Low risk (<5%) Intermediate risk (5–20%) High risk (>20%)

Signs of right HF Absent Absent Present

Progression of symptoms 
and clinical manifestations No Slow Rapid

Syncope No Occasional syncope Repeated syncope

WHO-FC I, II III IV

6MWDc >440 m 165–440 m <165 m

CPET Peak VO2 >15 mL/min/kg (>65% 
pred.) VE/VCO2 slope <36

Peak VO2 11–15 mL/min/kg (35–
65% pred.) VE/VCO2 slope 36–
44

Peak VO2 <11 mL/min/kg (<35% 
pred.) VE/VCO2 slope >44

Biomarkers: BNP or NT-
proBNPd

BNP <50 ng/L NT-proBNP 
<300 ng/L

BNP 50–800 ng/L NT-proBNP 
300–1100 ng/L

BNP >800 ng/L NT-proBNP 
>1100 ng/L

Echocardiography
RA area <18 cm2 TAPSE/sPAP 
>0.32 mm/mmHg No pericardial 
effusion

RA area 18–26 cm2 TAPSE/sPAP 
0.19–0.32 mm/mmHg Minimal 
pericardial effusion

RA area >26 cm2 TAPSE/sPAP 
<0.19 mm/mmHg Moderate or 
large pericardial effusion

cMRIe RVEF >54% SVI 
>40 mL/m2 RVESVI <42 mL/m2

RVEF 37–54% SVI 26–
40 mL/m2 RVESVI 42–54 mL/m2

RVEF <37% SVI 
<26 mL/m2 RVESVI >54 mL/m2

Haemodynamics
RAP <8 mmHg CI 
≥2.5 L/min/m2 SVI 
>38 mL/m2 SvO2 >65%

RAP 8–14 mmHg CI 2.0–
2.4 L/min/m2 SVI 31–
38 mL/m2 SvO2 60–65%

RAP >14 mmHg CI 
<2.0 L/min/m2 SVI 
<31 mL/m2 SvO2 <60%

Humbert M et al; ESC/ERS Scientific Document Group. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur Heart J. 2022 Oct 11;43(38):3618







Treatment Algorithm



Goal
Low Risk







Sotatercept -
- The New 
Kid on the 

Block



The STELLAR Trial

• FC 2-3 PH
• > 60% ontriple therapy and 40% on infusions
• Results

• Improved 6MWD
• Significant reduction in PVR
• 84% reduction in clinical worsening or death

• Adverse Events
• Epistaxis, telangeictasias, erythrocytosis, thrombocytopenia



The ZENITH Trial

• Patients – ADVANCED PH
• FC 3 OR 4

• Results
• 76% decrease in death, lung transplant, or PH hospitalization
• NOT walk distance

• Stopped early due to overwhelming efficacy.



Sotatercept in the Real-World

• Noespleeds
• GI gleeds
• Pericardial effusions
• Intrapulmonary shunts
• Severe erythrocytosis





Final Thooughts
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