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Objective

Review the classification of pulmonary hypertensionReview

Review the evaluation of a patient with suspected pulmonary 
hypertensionReview

Review the current approach to treatmentReview
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Case 1-PAH

33 yo woman G2P1(5-yo male)Sab1 with a history of Raynaud’s

3-year history of DOE, more rapidly progressing 6-months prior to 
presentation

Treated for asthma with LABA / ICS without change

•  Multiple steroid tapers without effect

1 month prior to presentation, pre-operative CXR (for gyn surgery) revealed 
enlarged pulmonary arteries

Very symptomatic when climbing stairs or an incline
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Case 1-PAH

Past Medical History
• Raynaud’s
• “Asthma”

Family History
• No pulmonary or cardiac disease

Social History
• No history of smoking, alcohol, recreational 

drug, or anorexigens / stimulants use

Medications - none

HR: 113 SBP: 109 / 78  mmHg

O2 saturation: 93% (RA)

No JVD

Bibasilar soft rales at the bases

Normal 1st heart sound but louder 2nd 
heart sound  and no audible murmurs

2+ peripheral edema
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When to Suspect PAH

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

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

https://doi.org/10.1093/eurheartj/ehac237
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33 yo Woman with Dyspnea 
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Case 1-PAH

Pulmonary Function Tests 

‒Normal Spirometry

‒Normal Lung Volumes

‒Lower limit of normal DLCO

Normal metabolic profile, liver function tests, blood counts and 
thyroid function tests

NT-proBNP - 1836

ANA  + 1:320 and other auto-immune serology's negative
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Chest Radiograph
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CTA
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VQ Scan
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Patient #1: Physical Examination

Six Minute Walk

• 318 meters   Borg 5

• Desaturations to 89% during 6MW

Chest CT

• No signs of interstitial lung disease or 
pulmonary emboli

V/Q scan

• No evidence of large obstructive clot

EKG 

• RAD, RVH, P-pulmonale
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33 yo Woman with Dyspnea
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33 yo Woman with dyspnea
Tricuspid Regurgitation

Modified Bernoulli’s Equation:
4 x (V)² + RAP = RVSP (PASP)

RVSP ~ 78
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Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237

https://doi.org/10.1093/eurheartj/ehac237
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Information obtained from the PAC

Directly measured
• CVP
• PA pressure
• PCWP
• Cardiac output
• SvO2

Calculated from directly measured data
• Stroke volume / index
• Cardiac index
• Systemic vascular resistance
• Pulmonary vascular resistance
• Oxygen delivery
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Case 1-PAH

RHC: 
• RA (CVP) 17
• RV 87/12 (RVEDP: 21)
• PAP 89/36 (54)
• PCWP 14
• CO/CI 4.6/1.8
• PVR 710 (9wu); SVR 871
• 40ppm NO – No response
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Updated Classification System

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

https://doi.org/10.1093/eurheartj/ehac237
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Case 1-PAH
Severe PAH, NYHA Functional Class 3b
• HR 113
• SBP 109
• 6-MWD 318m, BDS 5
• NT-proBNP – 1836
• REVEAL Score >8

How do we treat this patient?
How do we monitor and follow-up this 
patient ?
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Pulmonary Arterial Hypertension:
Goals of Therapy

•Improve exercise capacity

•Improve functional class

•Prevent clinical worsening

•Improve survival

•Improve hemodynamics

• At least a 50% reduction in PVR

• mPA < 25 mmHg

J Am Coll Cardiol. 2019 Apr 2;73(12):1463-1482
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Targets for established and emerging 

therapies in pulmonary arterial hypertension 

Eur Respir J 2023;62:2301726

Vascular Cell Proliferation ModulationPulmonary Vascular Tone Regulation



Expected Adverse Effects of PAH-Specific Therapies

Most PAH medications have class-related adverse effects, often due to vasodilatory 
properties of the medications
– ERAs

‒ Edema

– PDE-5 inhibitors

‒ Flushing, headache

– Prostacyclins

‒ Headache, flushing, jaw pain, nausea

– Riociguat (sGC inhibitor)

‒ Flushing, headache

– Selexipag (IP receptor agonist)

‒ Headache, flushing, nausea

– Activin Inhibitors
‒ Sotatercept – Increased Hgb, telangiectasias, epistaxis

In addition, PAH medications are often up-titrated on the basis of tolerability
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Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854.

Association between Initial Treatment Strategy and Long-Term Survival in 
Pulmonary Arterial Hypertension
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Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854.

Association between Initial Treatment Strategy and Long-Term Survival in 
Pulmonary Arterial Hypertension
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Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854.

Association between Initial Treatment Strategy and 
Long-Term Survival in Pulmonary Arterial Hypertension
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Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237

https://doi.org/10.1093/eurheartj/ehac237
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Treatment Algorithm

General Measures Supportive Therapy

• Avoid pregnancy

• Influenza and pneumococcal immunization 

• Psychological counseling

• Supervised exercise training

• Supplemented oxygen

• Regional anesthesia preferred over general 
anesthesia

• Diuretics

• Long-term oxygen therapy

• Anticoagulant therapy

• Iron deficiency correction

• Use of ACEi, AT1-antagonists, β-blockers, 
ivabradine only if specifically indicated

• Treatment of arrhythmias

Note: Oral anticoagulant therapy is not recommended in associated forms of PAH, while in IPAH, HPAH and 
DT-PAH the data on efficacy is more conflicting. The decision about anticoagulation has to be made on a case-
by-case basis after an individual risk–benefit analysis.

Galié N, et al. Eur Respir J. 2016;37:67–119.
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Follow-up Monitoring Schedule

Parameter Baseline 

(pretreatment)

Every 3-6 

months

3-4 Months after 

start or change in 

therapy

If clinical 

worsening

Clinical assessment

WHO functional class

ECG

X X X X

6-MWD / CPET X X X X

BNP / NT-proBNP X X X X

ECHO X (X) X

Right heart 

catheterization

X (X) X
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Case 1-PAH

Severe PAH, NYHA Functional Class 3b
• 6-MWD 318m, BDS 5

Treated with the prostacyclin analog 
treprostinil and PDE5i tadalafil with a 
good clinical response, ambrisentan was 
added two weeks later
Repeat ECHO, after 6-months 
demonstrated improvement in RV size 
and function
• PAsp now estimated at 72 mmHg
• 6-MWD – 448m Borg – 3
• WHO Functional Class 2
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6-months later
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2.5 years later

• RHC: 

– PAP 22/8 

– mPA 13

– PCWP 7

– CO/CI 5.6/2.8

– PVR 1.5 Wu

Treprostinil titrated to 66 ng/kg/min
Ambrisentan 10mg daily
Tadalafil 20mg tablets 2-tablets daily
Participant in SPECTRA study of Sotatercept
WHO FC 1
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Summary - MOC REFLECTIVE STATEMENT 

• Cardiac Echo is an excellent screening tool, but does not provide a diagnosis

• RHC is essential and required for diagnosis of all forms of pulmonary hypertension

• With development of new therapies, we are seeing improved outcomes

• Outcomes provide a clear rational for combination therapy

• Treatment must be individualized to not only severity but to patient preference and 
lifestyle

• There is still plenty of room for additional therapeutic targets



35

References
Molecular Mechanisms of Pulmonary Vascular Remodeling in Pulmonary Arterial Hypertension Updated Treatment 
Algorithm of Pulmonary Arterial Hypertension., J. Leopold and B. Maron, Int. J. Mol. Sci. 2016, 17(5), 761 

ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension – web addenda Eur Heart J, 
ehac237, 2022 https://doi.org/10.1093/eurheartj/ehac237

Initial Use of Ambrisentan plus Tadalafil in Pulmonary Arterial Hypertension ., Nazzareno Galiè et al., N Engl J Med 
2015; 373:834-844

STELLAR Trial Investigators. Phase 3 trial of sotatercept for treatment of pulmonary arterial hypertension . N Engl J 
Med. 2023 Apr 20;388(16):1478-1490. doi: 10.1056/NEJMoa2213558. Epub 2023 Mar 6. PMID: 36877098.

SPECTRA Phase 2b Study: Impact of Sotatercept on Exercise Tolerance and Right Ventricular Function in Pulmonary 
Arterial Hypertension. Circ Heart Fail. 2024 Apr 4:e011227. doi:10.1161/CIRCHEARTFAILURE.123.011227
PMID: 38572639.

https://doi.org/10.1093/eurheartj/ehac237

	Default Section
	Slide 1
	Slide 2: Aaron B Waxman, MD, PhD
	Slide 3: DISCLOSURES
	Slide 4: Objective
	Slide 5: Case 1-PAH
	Slide 6: Case 1-PAH
	Slide 7: When to Suspect PAH
	Slide 8
	Slide 9: 33 yo Woman with Dyspnea 
	Slide 10: Case 1-PAH
	Slide 11: Chest Radiograph
	Slide 12: CTA
	Slide 13: VQ Scan
	Slide 14: Patient #1: Physical Examination
	Slide 15: 33 yo Woman with Dyspnea
	Slide 16: 33 yo Woman with dyspnea Tricuspid Regurgitation
	Slide 17
	Slide 18: Information obtained from the PAC
	Slide 19: Case 1-PAH
	Slide 20: Updated Classification System
	Slide 21: Case 1-PAH
	Slide 22: Pulmonary Arterial Hypertension: Goals of Therapy
	Slide 23
	Slide 24: Expected Adverse Effects of PAH-Specific Therapies
	Slide 25: Association between Initial Treatment Strategy and Long-Term Survival in Pulmonary Arterial Hypertension
	Slide 26: Association between Initial Treatment Strategy and Long-Term Survival in Pulmonary Arterial Hypertension
	Slide 27: Association between Initial Treatment Strategy and  Long-Term Survival in Pulmonary Arterial Hypertension
	Slide 28
	Slide 29: Treatment Algorithm
	Slide 30: Follow-up Monitoring Schedule
	Slide 31: Case 1-PAH
	Slide 32: 6-months later
	Slide 33: 2.5 years later
	Slide 34: Summary - MOC REFLECTIVE STATEMENT 
	Slide 35: References


