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5th World Symposium on PH:  
Haemodynamic definition of PAH 

PAWP  
≤ 15 mmHg 

Mean PAP  
≥ 25 mmHg 

PVR > 3 Wood 
units 

PAP: pulmonary arterial pressure; PAWP: pulmonary artery 

wedge pressure; PVR: pulmonary vascular resistance 

Definition 
of PH 

Definition of 
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≥ 25 mmHg 

Hoeper MM, et al. J Am Coll Cardiol 2013; 62:D42-50. 





 Etiologic classification of pulmonary hypertension 

 

• MPA   -   PCWP = CO     *     PVR 

 

 

• MPA  =  CO   *    PVR     +    PCWP  

 

MPA: mean pulmonary artery, PCWP: pulmonary capillary wedge pressure, 

CO: cardiac output, PVR: pulmonary vascular resistance  
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 Pulmonary Hypertension:  Define Lesion 
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PH epidemiology 

• In the UK, a prevalence of 97 cases per million 
with a female:-male ratio of 1.8 has been 
reported.  

• The age-standardized death rate in the USA 
ranges between 4.5 and 12.3 per 100,000 
population. 



Progression of vascular disease 



PAH pathology: The development of “plexiform 
lesions’ is a pathologic hallmark of PAH. 

Plexiform lesion Occlusion of pulmonary artery 

 Fishman. Physiol Res 2000 



Mechanisms of Inflammation-
Mediated Remodeling 



Endothelial Cell Dysfunction in PAH 

  ET-1 is elevated (+) 

– Vasoconstriction  

– Cell proliferation / Hypertrophy  

  NO and PGI2 are reduced (-) 

– Vasodilation 

– Anti-proliferation 

– Anti-inflammation  

Spieker LE et al. J Am Coll Cardiol. 2001;37:1493-1505. 

Luscher TF and Barton M. Circulation. 2000;102:2434-2440. 

Albrecht EW et al. J Pathol. 2003;199:8-17. 

Hankins SR and Horn EM. Curr Cardiol Rep. 2000;2:244-251. 





 

Simonneau, ERR, 2016 





Diagnostic approach 

• Suspicion 

• Detection 

• Identification 

• Classification 

 



Symptoms/signs/history 

• Exertional  dyspnea 

• Chest pain 

• Syncope 

• Peripheral edema 

• Raynaud 
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 2 years delay 



Symptoms/signs/history 

• Physical examination 

• Chest X-Ray 

• ECG 

 





Often 
misinterpreted 
 
Normal in one 
third 
of the patients 
 
Does not parallel  
hemodynamics 

ECG 

With permission of Prof. Ewert 



Symptoms/signs/history 

• Family history 

• Connective tissue disease 

• Congenital heart disease 

• Portal hypertension 

• Venous thromboembolism/PE 

• Anorexiogen use 

• HIV 

 





PAH suspicion? 

Echo 

RV assessment 

•ΤR Velocity >>>RVSP 

•RAE, RVE, RV dysfunction 

LV assessment 

R/o congenital HD  



Αpical 4-chamber 

Normal PAH 



Parasternal short axis 

Normal PAH 



Tricuspid Regurgitation  









Diagnostic management 





Right heart catheterization 



 





Evaluation of right heart size and function 

• Echo is the mainstay for right heart evaluation in routine 
clinical practice 

• However, MRI is the most accurate method for evaluating RV 
mass, RV volume, RVEF 

• In addition MRI can quantify:  

– Regurgitant volumes  

– Delayed enhancement (focal scars) 

– Myocardial strain, coronary perfusion, pulmonary 
pulsatility 

• RVEF and TAPSE are markers of ventriculo-arterial coupling, 
rather than ventricular contractility 

Vonk-Noordegraaf A, et al. J Am Coll Cardiol 2013; 62:D22-33. 

MRI: magnetic resonance imaging; RV: right ventricular; RVEF: right ventricular ejection fraction;  

TAPSE: tricuspid annular plane systolic excursion 



Diagnostic – work up 

• Suspicion 

• Detection 

• Identification 

• Assessment-Classification 

 



Class   Patient Symptoms 
 
Class I (Mild)  No limitation of physical activity. Ordinary  
   physical activity does not cause undue symptoms 
 
Class II (Mild)  Slight limitation of physical activity. Comfortable  
   at rest, ordinary physical activity results in symptoms.  
   
Class III (Moderate) Marked limitation of physical activity.  
   Comfortable at rest, but less than ordinary activity  
   causes symptoms. 
 
Class IV (Severe) Symptoms of cardiac insufficiency at  
   rest. If any physical activity is undertaken,  
   discomfort is increased. 
 

NYHA Functional Class 



NYHA functional class at diagnosis 

24% 

63% 

12% 

1% 
0 

10 

20 

30 

40 

50 

60 

70 

80 

Class  I 
(n = 7) 

Class  II 
(n = 166) 

Class  III 
(n = 423) 

Class  IV 
(n = 84) 

 
 Humbert M, et al. Am J Respir Crit Care Med 2006; 173:1023-30. 
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Severity of PAH: NYHA Functional Class   
(Predictor of survival in PAH) 

McLaughlin, Circulation 2002 



Schematic Progression of PAH 
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Raising the bar on treatment goals 



ESC/ERS GUIDELINES 2015.Treatment algorithm 



ESC/ERS GUIDELINES 2015.Treatment algorithm changes  
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ESC/ERS GUIDELINES 2015.Treatment algorithm changes  

Initial oral 
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monotherapy 

3-6mo of treatment 

FU 

MAXIMAL 
MEDICAL  
THERAPY 
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FU 



* 









Proposed Simpified Risk Stratification in PAH 

Prognostic  Criteria Low risk variables Intermediate risk 

variables 

High risk variables 

A.         WHO FC I, II III IV 

B.          6MWT >440m 165-440m <165m 

C.   BNP/NT-proBNP 

plama levels 

OR 

RAP 

BNP<50ng/L 

NT-proBNP<300ng/L 

OR 

<8mmHg 

BNP 50-300ng/L 

NT-proBNP  

300-1400ng/L 

8-14mmHg 

BNP >300ng/L 

NT-proBNP>1400ng/L 

OR 

>14mmHg 

D.             CI  

OR 

SvO2 

>2.5L/min/m2 

OR 

>65% 
 

2-2.4L/min/m2 

OR 

60-65% 

<2L/min/m2 

OR 

<60% 



Proposed Simpified Risk Stratification in PAH 

Low risk  Intermediate risk variables High risk variables 

At least 3 low 

risk  criteria 

and no high 

risk criteria 
 

Definitions of 

high or low risk  

criteria not 

fullfiled 
 

At least 2 high 

risk  criteria 

including CI or 

SvO2 
 



 





 



 









Δήλωση συμφερόντων  

Συμμετοχή σε συνέδρια, κλινικές μελέτες ή συμβουλευτικά 

των εταιρειών Actelion, Bayer, Galenica, Glaxo GSK, Lilly, 

Pfizer 



mPAP>25, W≤15 

Atypical (≥ 3 risk factors 
for left heart disease)  

• Arterial hypertension  

• Coronary artery dis 

• Diabetes 

• Atrial fibrillation  

• BMI>30 kg/m2  

HEFpEF 

• mPAP>25, W>15 

• EF>45% 

• Diastolic dysfunction 

 

 







PAH  in elderly patients – Why are so many male 

patients affected? 

• Is there a smoking-related pulmonary 

vasculopathy presenting as a vanishing capillary 

syndrome? 



Loss of pulmonary capillaries due 
to apoptosis? 

We report in an emphysema model of mice chronically  

exposed to tobacco smoke that pulmonary vascular 

dysfunction, vascular remodeling, and pulmonary 

hypertension (PH) precede development of alveolar 

destruction. 



PAH with a low DLCO 



PAH with a low DLCO 



PAH with a low DLCO 

46 yo 

♂ 19% 

Smoking 48% 67 yo 

♂ 50% 

Smoking 77% 



Similar treatment response regardless of DLCO 





In conclusion 

• An individual comprehensive risk assessment 

should guide the management of patient with PAH 

• Combination therapy has become the mainstay for 

our approach to treatment 

• A proactive approach is necessary to reach our 

treatment goals (move patients into low risk 

category and ensure long term outcome). 

 



Thank you for your attention 

 



 


