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The rationale for evaluation of PAH severity 



Physicians’ prognostication may be inaccurate

• Eighty percent of physician’s predictions of prognosis were 
inaccurate (365 physicians in 504 terminally ill patients): 

60% overoptimistic

17% overpessimistic

• The greater the experience of the physician, the greater the 
prognostic accuracy

• A stronger the doctor-patient relationship is associated with 
lower prognostic accuracy

Christakis NA & Lamont EB BMJ 2000;320:469-472



Nurses prognostication underestimates 7 day 
mortality in hospice patients by up to 19%

Casarett DJ et al J Pall Med 2012;15:703-708



Physician prediction of outcome based on disease severity in the Study 
to Understand Prognoses and Preferences for Outcomes and Risks of 

Treatment (SUPPORT)
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The ESC/ERS Pulmonary Hypertension Guidelines recommend multi-
parameter assessment to stratify patients based on risk

Galiè N, et al. Eur Heart J 2016; 37:67-119. 

The use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.



Evidence for variables used to assess disease 
severity in PAH

McLaughlin VV et al J Am Coll Cardiol 2013;62:D73-D81



ACCF / AHA Expert Consensus on Pulmonary 
Hypertension: determinants of prognosis in PAH

McLaughlin VV et al J Am Coll Cardiol 2009;53:1573-1619  



World Symposium 2013:
reasonable goals for PAH therapy

• Modified NYHA FC I or II

• Echocardiography/CMR of normal/near-normal RV size and 
function

• Haemodynamic parameters showing normalization of RV 
function (RAP <8 mm Hg and CI >2.5 to 3.0 l/min/m2)

• 6MWD of >380 to 440 m (which may not be aggressive enough)

• Cardiopulmonary exercise testing, including peak oxygen 
consumption >15 ml/min/kg and EqCO2 <45 l/min/l/min

• Normal BNP levels

McLaughlin VV et al J Am Coll Cardiol 2013;62:D73-D81



Adapted from Haddad F et al JACC Cardiovasc Imaging 2016;9:630



Shall we still need an assessment of severity if we 
use initial combination therapy in PAH?



How do other diseases assess severity and use 
this to guide clinical management?

Ponikowski P et al 
Eur J Heart Failure (2016)18, 891–975 



32-year-old female with 9 months worsening 
breathlessness

Adapted from Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75



Treatment Algorithm for Pulmonary Arterial Hypertension

Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75
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Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75



32-year-old female with 9 months worsening 
breathlessness
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32-year-old female with 9 months worsening 
breathlessness

Symptoms alone may underestimate risk.
Six-minute walk test distance may underestimate peak exercise performance and risk 

in some individuals.
Not all measurements are of equal value for assessing risk in an individual.

Adapted from Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75



28 year old male with 2 years worsening 
breathlessness @ baseline

BNP 822

144 m

Adapted from Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75



29 year old male with 2 years worsening breathlessness @ 
one year on dual oral combination therapy

BNP 71

Vo2 = 16.5 ml/min/kg
55% predicted

VE/VCO2 = 30

RA area = 28.9 cm2
Pericardial effusion trivial

No interatrial shunt

Adapted from Galie N et al Eur Heart J 2016;37:67-119 & Eur Respir J 46:903-75





“There is uncertainty about the effectiveness of interventions for people with multimorbidity”

Smith SM, Wallace E, O’Dowd T, Fortin M. Interventions for improving outcomes in patients with multimorbidity
in primary care and community settings. Cochrane Database of Systematic Reviews 2016, Issue 3. Art. No.: CD006560. DOI:

10.1002/14651858.CD006560.pub3.



AMBITION enrollment criteria

• PVR ≥ 240 dyn•s/cm5

• PAWP or LVEDP ≤ 15 mmHg

• No exclusion of subjects with risk factors for 
left ventricular disease

Original Protocol Criteria 
(Intent to Treat (ITT))

• PVR ≥ 300 dyn•s/cm5

• PAWP lowered to ≤ 12 mmHg in subjects 
with PVR ≥ 300 but < 500 dyn•s/cm5

• PAWP or LVEDP ≤ 15 mmHg if PVR ≥ 500 

• Exclusion of subjects with ≥ 3 of the 
following risk factors for left ventricular 
disease:

– BMI ≥ 30 kg/m2

– History of essential hypertension

– Diabetes mellitus (any type)

– History of significant CAD (PCI, MI, CABG, 
stable angina, at least 1 vessel CAD)

Amendment 2 Changes
(Primary Analysis Set (PAS)) N = 500

Key enrollment criteria:
• Pulmonary Arterial 

Hypertension (PAH)
• IPAH/HPAH; APAH (HIV, 

CTD, Drugs and Toxins, 
repaired simple CHD)

• Functional Class II or III
• Treatment naïve 
• Age 18-75 years
• Baseline 6MWD 125-500m

Amendment 2:
• To reduce likelihood of 

enrolling subjects with PH 
due to covert diastolic 
dysfunction

Galie N et al N Engl J Med 2015;373:834-44



AMBITION inclusion criteria

Galie N et al N Engl J Med 2015;373:834-44



Multivariate model of predictors of mortality in 
systemic sclerosis APAH and other CTD APAH

Chung L et al Chest 2014;146(6):1494 - 1504



Assessment of disease severity in other forms of PAH: 
Monitoring and prognosis in adult Eisenmenger’s syndrome

Gatzoulis MA et al Int J Cardiol 2014;177:340-347.



Alternative severity assessment strategies to the 
ESC / ERS guidelines

• Create a risk score from a registry



REVEAL Cox proportional hazards for multivariable model of 
survival limited to terms in the final stepwise model

APAH indicates associated PAH; 
ECHO, echocardiogram;
FPAH, familial PAH; 
mRAP, mean right atrial pressure;
PoPH, portopulmonary hypertension; 
RHC, right heart catheterization. 

*Reference category: NYHA/WHO functional
class (Fn) II or missing. 
†If N-terminal proBNP is available and BNP is not,
listed cut points are replaced with 300 pg/mL and
1500 pg/mL.
‡Restricted to tests performed within 1 year of
enrollment; otherwise, the indicator is set to 0.

Benza RL et al Circulation 2010;122:164-172



REVEAL Risk Score

Benza RL et al Chest 2012;141:354-162



Serial change in REVEAL Risk Score after 1 year 
alters prognosis

Benza RL et al Chest 2012;141:354-162

93.7%
90.3%

84.6%



Comparison of REVEAL and French registries: observed versus 
predicted 3-year survival using the FPHN ItinérAIR-HTAP equation in 

the REVEAL validation cohort

Sitbon O, et al. Eur Respir J 2015; 46:152-64.



Alternative severity assessment strategies to the 
ESC / ERS guidelines

• Create a risk score from a registry; limitations include:

– Immortal time bias requires correction in some registries

– Missing data

– Lack of serial data in some registries

– Generalisability of the risk score outside the registry population



Alternative severity assessment strategies

• Create a risk score from a registry, limitations include:
– Immortal time bias requires correction in some registries

– Missing data

– Lack of serial data in some registries

– Generalisability of the risk score outside the registry population

• Use a large database to predict outcome by matching 
patient’s phenotype
– Meta-analysis of registries

– Meta-analysis of patient-level clinical trial data

– Machine learning and “big data”



www.heartfailurerisk.org



www.heartfailurerisk.org



Pocock SA et al Eur Heart J 2013;34:1404-1413



MAGGIC: observed versus predicted 3 year 
mortality in six risk groups

Pocock SA et al Eur Heart J 2013;34:1404-1413



Conclusions

• A risk assessment tool may be better than asking the patient’s doctor 
or nurse to predict outcome

• A selection of risk assessment tools combining multiple 
measurements are recommended for PAH patient management

• Different forms of PAH may require different assessments to 
describe severity

• Comorbid diseases may make the assessment of PAH severity more 
difficult

• Future alternatives has been discussed


