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Sobering Initial Comments
• Although updates to the field exist and will be discussed, the biggest challenges 

to patients and management have remained largely unchanged for >25 years.

• Failure of timely appropriate diagnosis.
• The diagnosis of PAH is typically missed and delayed until late stages. Approximately 74-

88.5% of patients present at FC III-IV.1-4 Statistical survival at these late stages are poor even 
in the era of modern therapeutics.4

• Misdiagnosis
• Significant numbers of patients referred to PAH centers, even those placed on PAH specific 

medications are mis-diagnosed.5

• Undertreatment
• Patients treated initially in non-PAH specialty centers and then referred have poorer survivals 

compared to patients treated throughout their course at such centers.6

1Farber HW, et al. Chest. 2015;148:1043-54; 137:367-87
2Humbert M, et al. Am J Respir Cir Care Med. 2006;179:1023-30
3Kyellstrem B, et al. Swedish Pulmonary Arterial Hypertension Registry Annual Report 2019
4Hoeper M, et al. Eur Respir J. 2017; 50: 1700740.
5Deaño RC, et al. JAMA Intern Med. 2013;173(10):887-893.
6Badagliacca ,et al. J Heart Lung Transplant. 2012;31:364-37.2



Objectives: Identify key elements of PAH 
diagnosis which are changing

• Diagnosis
• Definition and separation of physiologies associated with PH 
• Focus on accelerated workup and risk based on RV findings at initial echo

• Revision of goals of therapy and time frames for therapeutic decision 
making*

• 3 strata model of risk assessment
• 4 strata model of risk assessment

• Trends in experimental therapies – what is on the horizon?
• Sotatercept
• Other molecular targets
• Prn rescue vardenafil





Definition



Hemodynamic and Physiologic Classifications 
of PH

Definition Hemodynamic characteristics

PH mPAP >20 mmHg

Pre-capillary PH 
mPAP >20 mmHg
PAWP ⩽15 mmHg
PVR >2 WU

IpcPH
mPAP >20 mmHg
PAWP >15 mmHg
PVR ⩽2 WU

CpcPH 
mPAP >20 mmHg
PAWP >15 mmHg
PVR >2 WU

Exercise PH 
mPAP/CO slope between rest 
and exercise >3 mmHg/L/min

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022

Previous mPAP >25 mm Hg



European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022

• Classification System for PH
• I - Pulmonary Arterial 

Hypertension

• II - PH Associated with Left Heart 
Disease

• III - PH Associated with Lung 
Disease

• IV- PH Associated with Pulmonary 
Artery Occlusions

• V - PH with Unclear and/or 
Multifactorial Mechanisms



PAH Classification (Expanded)

• 1.1 Idiopathic
• 1.1.1 Non-responders at vasoreactivity testing
• 1.1.2 Acute responders at vasoreactivity testing

• 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

Adapted from:European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Diagnosis



When to Suspect PAH/CTEPH/PH-ILD?
Unexplained chronic dyspnea + one or more of the following:

• Presence of a systemic disorder or drug exposure known to be 
associated with PAH

• Review of systems/Exam/Testing Consistent
• Physical exam findings consistent with PH

• Study findings consistent with PH

• Presence of interstitial lung disease

• History of pulmonary embolism (PE) or risk for PE



• Focus of a primary PH workup
• The primary goal is to raise early 

suspicion of PH and ensure fast-
track referral to PH centers in 
patients with a high likelihood of 
PAH, CTEPH, or other forms of 
severe PH. 

• The second objective is to identify 
underlying diseases, especially 
LHD (group 2 PH) and lung disease 
(group 3 PH), as well as 
comorbidities, to ensure proper 
classification, risk assessment, and 
treatment.

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Figure 5 Echocardiographic probability of pulmonary hypertension 

and recommendations for further assessment.

CPET, ...

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Transthoracic echocardiographic parameters associated with 
pulmonary hypertension.

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Risk Stratification and Implications on 
Escalation of Therapy



STABILITY IS NO LONGER AN ACCEPTABLE GOAL 
OF THERAPY 

INTERMEDIATE RISK STATUS IS NO LONGER AN 
ACCEPTABLE GOAL OF THERAPY

ACHIEVMENT OF LOW RISK STATUS IS CURRENTLY 
PROPOSED RECOMMENDATION OF GOAL OF 

THERAPY



3 STRATA RISK ASSESSMENT

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Importance of Risk Assessment at Baseline

1. Kylhammar D et al. Eur Heart J. 2017 Jun 1. doi: 10.1093/eurheartj/ehx257. [Epub ahead of print] 2. Boucly A et al. Eur Respir J. 2017;50(2). 
3. Hoeper MM et al. Eur Respir J. 2017;50(2).
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0 100 100 100 196 1116 276
1 97.2 90.1 78.8 156 764 170
2 91.5 80.3 66.0 111 540 117
3 84.2 68.1 53.2 75 376 77
4 80.2 60.1 44.7 47 252 47
5 75.9 51.9 32.4 31 149 24
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Analysis showing survival according to change in risk category from baseline to follow-up within 

3 months and 2 years in patients with pulmonary arterial hypertension. 

Marius M. Hoeper et al. Eur Respir J 2017;50:1700740



Initial Observations with Risk Assessment

• The vast majority of patients present as intermediate risk (67%)

• Only low risk patients demonstrated satisfactory survivals

• Failure to achieve low risk criteria incrementally added to death

• There was a large variability in survivals among patients with 
intermediate risk with time and trajectory: Low->Intermediate > 
Stable intermediate > High->Intermediate

• Few patients “moved” to low risk.

• Gestalt suggested that when analyzing intermediate patients that 
intrinsically, they likely looked more like high risk or more like low risk 
and this this may be a more logic stratification schema.



Four Strata Risk Assessment



Limited ability for French PAH Registry patients to 
“move” to a more favorable risk strata using usual 

standards of care. (Sankey diagram)

Boucly et al. Eur Respir J 2022 Jun 30;59(6):2102419.



Limited ability for French PAH Registry patients to 
“move” to a more favorable risk strata using usual 

standards of care. (Sankey diagram)

Boucly et al. Eur Respir J 2022 Jun 30;59(6):2102419.



Four Strata Risk Assessment 

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



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

The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 9 Evidence-based pulmonary arterial hypertension 

treatment algorithm for patients with idiopathic, heritable, ...

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


Recommendations for the treatment of non-vasoreactive patients with idiopathic, 
heritable, or drug-associated pulmonary arterial hypertension who present without 

cardiopulmonary comorbidities

European Heart Journal, ehac237, https://doi.org/10.1093/eurheartj/ehac237 26 August 2022



Proposed initial treatment strategy based 
on 4 strata risk stratification

Cascino et al. AJRCCM Volume 204 Number 7 | October 1 2021 



Future Therapeutics



Some Select Molecular Targets Being 
Evaluated for PAH Therapeutics

Dhoble S et al. International Journal of Pharmaceutics 621 (2022) 121792 



Novel Target for PAH Therapeutics: 
Activin/BMPR-II with Sotatercept

Humbert M et al. N Engl J Med 2021; 384:1204-1215.



MM Hoeper et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2213558

Demographic and Clinical Characteristics of the Patients at Baseline.*



MM Hoeper et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2213558

Change from Baseline at Week 24 in Primary and Secondary Efficacy End 
Points (Intention-to-Treat Population).*



MM Hoeper et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2213558

Change in 6-Minute Walk Distance through Week 24.



MM Hoeper et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2213558

Time to First Occurrence of Death or Nonfatal Clinical Worsening Event 
(Intention-to-Treat Population).



MM Hoeper et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2213558

Adverse Events through Week 24 (Safety Population).*



A Phase 2b, Open-label, Single Dose Study to Evaluated the Safety and 
Efficacy of RT234 on Exercise Parameters Assessed by Cardiopulmonary 

Exercise Testing (CPET) in Subjects With Pulmonary Arterial 
Hypertension (PAH)

Study Elements

• Novel Treatment Concept – prn 
vasodilation to improve exercise 
tolerance.

• Agent: Inhaled Vardenafil

• Documented PAH

• Inclusion: Ve/VCO2 >35

Study Analysis and Endpoint

• Safety

• Pharmacokinetics

• Primary endpoint is 
improvement in exercise 
tolerance as judged by VO2 max

• Secondary endpoint is 6 minute 
walk difference



Summary

• Diagnosis
• Definition and separation of physiologies associated with PH 
• Focus on accelerated workup and risk based on RV findings at initial echo

• Revision of goals of therapy and time frames for therapeutic decision 
making*

• 3 strata model of risk assessment
• 4 strata model of risk assessment

• Trends in experimental therapies – what is on the horizon?
• Sotatercept
• Other molecular targets
• Prn rescue vardenafil
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