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Clinical classification of congenital 

shunts associated  with  PAH 

- Eisenmenger’s syndrome  
systemic-to-pulmonary shunts  severe increased PVR   reversed (pulmonary-

to-systemic) or  bidirectional shunt 

 

- PAH associated with systemic-to-pulmonary shunts  

moderate-to-large defects increase in PVR is mild to moderate, _ 

- PAH associated with small defects 

 ventricular septal defects <1 cm,  atrial septal defects 

<2 cm 

 -  PAH after corrective cardiac surgery 

 



Recommendations for paediatric 

pulmonary 

arterial hypertension (PAH) 

The PH diagnostic work-up proposed for 

adults should also be considered in children  

 

                     Class  IIa 

 



Adapted from Galiè N, et al. Eur Heart J 2009; 30:2493-537. 

Diagnosis of PAH 
Symptoms/signs/histor  y  

suggestive of PH 

Non-invasive assessment  

compatible with PH? 

History, symptoms, signs, ECG, chest X-ray, echo, PFT, HRCT 

Consider other 

causes/recheck 
NO 

YES 

Group 2 or 3 diagnosis confirmed? 

Perform V/Q scan 

NO 

PH proportionate 

to severity 

Out of 

proportion 

PH 

Treat underlying 

disease 

YES YES 

Segmental perfusion defects 

Perform RHC 

(for definitive PAH diagnosis) 

Consider 

CTEPH 

Consider PVOD NO 

YES 



Differential diagnosis of PAH 

Adapted from Galiè N, et al. Eur Heart J 2009; 30:2493-537. 

mPAP ≥ 25 mmHg; PCWP ≤ 15 mmHg 

Clinical signs, 

HRCT,  

anti-nuclear 

antibodies 

History 
HIV  

test 

Echo, 

MRI 

Physical, liver 

function tests; 

Ultrasonography 

Physical/laboratory  

analysis 

Idiopathic or heritable PAH 

PVOD, 

PCH 
CTD 

Drugs, 

Toxins 
HIV CHD 

Porto- 

pulmonary 

Schisto- 

somiasis 

Chronic  

hemolysis 

Specific diagnostic tests 



Recommendations for diagnostic 

strategy 

 
 Ventilation/perfusion lung scan to    exclude 

CTEPH 

 Contrast CT angiography of the PA is 

         indicated  in patients with CTEPH 

 Routine biochemistry, haematology, 

     immunology and thyroid function tests are 

         indicated in all patients with PAH,  

 Abdominal ultrasound is indicated for the 

  screening of portal hypertension 

 High-resolution CT should be considered in 

   all patients with PH 

 Conventional pulmonary angiography 

should be considered in  patients with CTEPH 

 

I C 

 I C 

 

I C 

 

I C 

 

IIa C 

IIa 

 



Diagnosis of PH 

 
Clinical suspicion – based on: 

• physical examination 

• medical history 

• clinical history – review of past symptoms 

• family history – of unexplained heart disease or death, 

connective tissue disease, documented PAH etc 

• incidental findings on examination for other clinical 

reasons  

 



Clinical presentation of PAH 

Coughing up blood  

Symptoms are often non-specific 

Peripheral edema 

Hoarseness 

Symptoms of advanced disease 

Common symptoms Less common symptoms 

Dyspnea 

Fatigue 

Chest pain 

Syncope 

Dizziness 

Palpitations 



Diagnosis of PH 

 
Physical examination – possible 

findings 
• Low resting oxygen saturation 

• Cyanosis 

• Right ventricular gallop 

• Prominent jugular venous distention 

• Enlarged liver or spleen 

• Ascites 

• Peripheral edema 

• Rashes, skin tightening, or telangiectasias indicative of CTD 

 

Late stage PAH 



Right axis deviation 

R wave 

Inverted T wave 

Tall P wave 

 Diagnosis of PH  

ECG findings in PAH 



RV enlargement 

Diagnosis of PH 

Chest radiograph in PAH 

Normal 
PAH with evidence of 

cardiomegaly  

and enlarged pulmonary 

arteries 



Detection of PH by Doppler 

echocardiography 

V* > 3.4 m/s 

 sPAP > 50 mmHg 

No evidence of PH on 

echo 

V*  2.8 m/s 

 sPAP  36 mmHg 

No evidence of PH  

on echo 

V*  2.8 m/s 

 sPAP  36 mmHg 

Evidence of PH  

on echo 

V* 2.9–3.4 m/s 

 sPAP 37–50 mmHg 

+/- evidence of PH  

on echo 

Doppler echo 

PH  

unlikely 

PH  

possible PH  

likely 

Galiè et al. Eur Heart J 2009 



Detecting PH: Echocardiography 

PH unlikely 
TRV ≤ 2.8 m/s,  

PA systolic pressure ≤ 36 mmHg and  

no additional echo variables suggestive of PH 

PH possible 

TRV ≤ 2.8 m/s, PA systolic pressure  

≤ 36 mmHg and presence of additional echo 

variables suggestive of PH 

 

TRV 2.9 – 3.4 m/s, PA systolic pressure  

37 – 50 mmHg 

PH likely 
TRV > 3.4 m/s,  

PA systolic pressure > 50 mmHg 

Galiè N, et al. Eur Heart J 2009; 30:2493-537. 

TRV: tricuspid regurgitant velocity 

PA: pulmonary arterial  



RV anatomy: Normal versus PAH 

Normal PAH 



RV anatomy: Normal versus PAH 

(short axis view) 

Normal PAH 

Chin KM, et al. Coron Artery Dis 2005; 16:13-8. 

LV 

120 mmHg 
RV LV PRV 

Thickness 

Stress 

Coronary perfusion pressure + O2 demand -- Supply/Demand 

RV Distension & LV Filling = Cardiac Output 

20 mmHg 



Echocardiography image showing dilated 

right heart cavities (4-chamber view) 

Dilatation of the right cavities 

Compression of the left cavities 

Normal PAH 



(TRV)2 x 4 = TRPG 

TRPG + RAP = sPAP 

(sPAP x 0.61) + 2 mmHg 

mPAP 

Equations useful for estimation of 

mPAP using echocardiography 
TRV measured by 

echocardiography 

Estimated or fixed value 

of 5 or 10 mmHg 

assumed for RAP 

Assessed without invasive 

right heart catheterisation 

Galiè N, et al. Eur Heart J 2009; 30:2493-537. 

TRV = tricuspid regurgitation velocity; TRPG = tricuspid regurgitation pressure gradient; 

RAP = right atrial pressure; sPAP/mPAP = systolic/mean pulmonary arterial pressure 



Reference limits for recommended 

measures of right heart structure & 

function 

Variable Abnormal 

Systolic function  

TAPSE (cm) < 1.6 

Pulsed Doppler peak 

velocity  at the annulus 

(cm/s) 

< 10 

Pulsed Doppler MPI > 0.40 

Tissue Doppler MPI > 0.55 

FAC (%) < 35 

Diastolic function 

E/A ratio 
< 0.8 or  

> 2.1 

E/E‘ ratio > 6 

Deceleration time (ms) < 120 

Variable Abnormal 

Chamber dimensions 

RV basal diameter (cm) > 4.2 

RV subcostal wall thickness 

(cm) 
> 0.5 

RVOT PSAX distal diameter 

(cm) 
> 2.7 

RVOT PLAX proximal 

diameter (cm) 
> 3.3 

RA major dimension (cm) > 5.3 

RA minor dimension (cm) > 4.4 

RA end-systolic area (cm2) > 18 

Rudski LG, et al. J Am Soc Echocardiogr 2010; 23:685-713. 



Parameters that reflect RV function 

Echocardiography 
 RA area1 

 RV area1 

 TAPSE1,2 

 Tei index3 

 RV fractional area change2 

 Degree of tricuspid regurgitation2 

 Pericardial effusion4 

 Inferior vena cava collapsibility2 

 Superior vena cava flow velocity 

pattern2 

 Ejection fraction1 

 Right ventricular volume1 
 

 

1. Grünig E, et al. DMW 2010; 2. Ghio S, et al. Int J Cardiol 2010;  

3. Tei C, et al. J Am Soc Echocardiogr 1996; 4. Raymond RJ, et al. J Am Coll 

Cardiol 2002; 5. Utsunomiya H, et al. J Am Soc Echocardiogr 2009; 6. McLaughlin 

VV, et al. Circulation 2002; 7. D’Alonzo GE, et al. Ann Intern Med 1991; 8. Nagaya N, 

et al. J Am Coll Cardiol 1998; 9. Torbicki A, et al. Circulation 2003. 

MRI 

RHC 
 Right atrial pressure6 

 Cardiac index7  
 

 
Biomarkers 
 NT-proBNP8 

 Troponin T9 

 LV eccentricity index2 

 RV filling pressure5 



Exclude other causes of PH 

 Identify other causes of pulmonary 

hypertension 

• ventilation and perfusion lung scan  

• high resolution computed 

tomography (HRCT)  

• pulmonary angiography  

 



Patient with 

CTEPH 

(mismatch) 

Perfusion Ventilation 

Perfusion Ventilation 

PAH – PH not due 

to CTEPH 

(no mismatch) 

Exclude other causes of PH Ventilation-

perfusion scintigraphy 



Exclude other causes of PH  

Angiography 

Multi-slice computed tomography angiography  

(CTA) 

Pulmonary angiography 



 Confirm PAH  

Right heart catheterization 

 Confirmation of PAH can only be achieved by right heart 

catheterization 

 



Confirm PAH  

Right heart catheterization 

Confirmation of PAH: 

 mPAP ≥ 25 mmHg (normal < 20 mmHg)  

 Normal PCWP (≤15 mmHg) 

Other findings: 

 Increased PVR 

• normal PVR 150-200 dyn/sec/cm-5 

 Increased right atrial pressure 

• normal right atrial pressure 2–7 mmHg 

 Normal/ decreased cardiac output 

• normal cardiac output 4–8 liters per minute 

 Decreased cardiac index 

• normal cardiac index 2.5–4.0 liters/min/m2 



ESC/ERS Recommendations for RHC 

 RHC is indicated in all patients with PAH to 

confirm the diagnosis, to evaluate the severity             

and when PAH specific drug therapy is 

considered 

 

 RHC should be performed for confirmation of                    

efficacy of PAH-specific drug therapy 

 

 RHC should be performed for confirmation of 
clinical  deterioration and as baseline for the 
evaluation of the  effect of treatment escalation 
and/or combination therapy 

I C 

 

 

 

 

IIaC 

 

 

IIa C 

 

 



ESC/ERS Recommendations for 

Vasoreactivity testing 

 Vasoreactivity testing is indicated in patients with IPAH, 
heritable PAH and PAH associated with anorexigen use 
to detect patients who can be treated with high doses of 
a CCB 

 

 A positive response to vasoreactivity testing is 

defined as a reduction of  mean  P pa >10 mmHg 

to reach an absolute value of mean Ppa <40 mmHg 

with an increased or unchanged CO 

 Vasoreactivity testing should be performed 

only in referral centres 

 

 Vasoreactivity testing should be performed 

using nitric oxide as vasodilator 

 

I C 

 

 

 

I C 

 

IIa C 

 

IIa 

 



Right heart catheterization is essential in 

the diagnosis and management of PAH 

 Diagnostic gold standard1 

• Confirm diagnosis (e.g. PAH vs left heart disease vs no PH)2 

• Determine severity (CO, RAP, central venous O2 saturation)3 

• Test for vasoreactivity3 

• Monitoring tool2 

 

 Overall procedure-related mortality in experienced 

centers 0.055% (4/7218)4 

 

1. Badesch D, et al. J Am Coll Cardiol 2009; 54:S55-66.  

2. Gibbs JSR. Eur Respir Rev 2007; 16:8-12.  

3. Galiè N, et al. Eur Heart J 2004; 25:2243-78.  

4. Hoeper MM, et al. J Am Coll Cardiol 2006; 48:2546-52. 

CO: cardiac output 

RAP: right atrial pressure 



Characterize PAH 

 To characterize PAH etiology and exclude other diseases, e.g: 

• HIV testing 

• antinuclear antibody (ANA) test – to detect SLE 

• cardiac magnetic resonance – to detect CHD 

• liver function tests – to detect PoPH 

• complete blood count – to detect anemia 

• antiphospholipid antibodies – to detect APS  

• genetic testing in cases of suspected HPAH 

 



Prognostic factors  

Assessing the course of the disease 



Schematic progression of PAH 

PAP 

PVR 

CO 

Pre-symptomatic/ 

compensated 

Symptomatic/ 

decompensating 

Right heart 

dysfunction 

Declining/ 

decompensated 

Symptom threshold 

Time 



REVEAL multivariable survival model: 

9 parameters from diagnostic tests  

Benza RL, et al. Circulation 
2010; 122:164-72. 

hazard ratio and 95% confidence intervals 

Right heart 

catheterisation 

DLCO 

Echocardiography 

Brain natriuretic peptide 

6-minute walk distance 

< 165 m  

< 50 pg/mL 

Pericardial effusion: Any 

% Predicted DLCO ≥ 80 

Mean RAP > 20 mmHg 

≥ 440 m 

> 180 pg/mL 

% Predicted DLCO ≤ 32 

PVR > 32 Wood Units 

(Reduced risk)                             (Increased risk)    

< 0.001 

< 0.001 

< 0.001 

0.58 0.006 

1.68 

0.50 0.003 

1.97 

1.35 0.014 

0.031 

0.018 

0.043 

0.59 

1.46 

1.79 

4.08 

HR p value 

1/8 1/4 1/2 1 2 4 8 

DLCO = carbon monoxide diffusing capacity;  PVR = 
pulmonary vascular resistance; RAP = right atrial pressure 



Assessing progression and 

prognosis in PAH 

Galiè et al. Eur Heart J 2009 

Better prognosis Determinants of 

prognosis 

Worse prognosis 

No Clinical evidence of RV 

failure 

Yes  

Slow Rate of progression of 

symptoms 

Rapid 

No Syncope Yes 

I,II WHO FC IV 

Longer (>500m) 6MWT Shorter (<300 m) 

Peak O2 consumption  

> 15 ml/min/kg 

Cardio-pulmonary 

exercise testing 

Peak O2 consumption  

<12 ml/min/kg 

Normal or near normal BNP/NT-proBNP  

plasma levels 

Very elevated and rising 

No pericardial effusion  

TAPSE > 2.0 cm  

Echocardiographic 

findings 

Pericardial effusion  

TAPSE < 1.5 cm 

RAP < 8 mmHg 

And CI ≥ 2.5l/min/m2 

Hemodynamics RAP > 15mmHg  

or CI ≤ 2.0 l/min/m2 



Prognostic indicators in PAH:  

Brain natriuretic peptide (BNP) 

Nagaya N, et al. Circulation 2000; 102:865-870. 
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The impact of 6-MWD on  

patient outcomes 

Sitbon O, et al. J Am Coll Cardiol 2002; 40:780-8. 

 6-MWD  380 m 

C
u

m
u

la
ti

v
e

 s
u

rv
iv

a
l 1.0 

Time (months) 

0.8 

0.6 

0.4 

0.2 

0 
0 12 24 36 48 60 72 84 96 108 

 6-MWD < 380 m 
p = 0.0005 

Subjects 

at risk (n) 

6-MWD  380 m 

6-MWD < 380 m 78 54 28 16 8 6 3 3 1 

78 71 56 41 28 15 4 

6-minute walk distance = 6-MWD 



Exercise capacity –  

6-minute walk test (6MWT) 

Advantages  

 Measure of function1 

 Simple and inexpensive 

 Relates to prognosis2-4 

 Measures improvement in  

clinical trials 

Limitations 

 Not perfectly standardized1,5 

 Not modified for age, height, 

weight, musculoskeletal 

differences, etc 

 ‘Ceiling’effect’6,7 

 

1 Guyatt et al. Can Med Assoc J 1985; 2Miyamoto et al. Am J Respir Crit Care Med 2000; 3Sitbon et al. J Am Coll Cardiol 2002;  
4Paciocco et al. Eur Resp J 2001; 5Frost et al. Vasc Pharmacol 2005; 6Galie et al. Lancet 2008; 7Oudiz et al. Am J Cardiol 2006 



6-minute walk test (6MWT):  

standardized protocol 
 A 30m corridor should be available, marked at 3m intervals  

 The patient should rest for at least 10 minutes prior to the test and 

should not have performed any rigorous exercise within the previous  

2 hours  

 The patient should be asked to rate their baseline dyspnea  

 The patient should be instructed to walk to their maximum capacity 

but not to run or jog; they should be permitted to rest as necessary  

 The patient should be asked to rate their dyspnea at the end of the test  

 The test should be repeated at approximately the same time of day on 

each occasion  

 



WHO functional class (FC) is a 

powerful predictor of survival 

 Condliffe R, et al. Am J Respir Crit Care Med 2009; 179:151-7. 

 UK national registry of all incident cases of PAH-SSc 

Time from diagnosis (years) 

FC I/II (n = 41) 

FC III (n = 176) 

FC IV (n = 42) 

1.0 

0 

0.8 

0.6 

0.4 

0.2 

0.0 

4 3 2 1 5 6 

C
u

m
u
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ti

v
e

 s
u

rv
iv

a
l 

p < 0.001 



Echocardiographic  

indicators of prognosis 

 Right atrial area1 

 Pericardial effusion1,2 

 TAPSE3 

 RV systolic performance index (Tei index)4 

 LV eccentricity index at end-diastole2 

 

1. Eysmann SB, et al. Circulation 1989; 80:353-60. 

2. Raymond RJ, et al. J Am Coll Cardiol 2002; 39:1214-9. 

3. Forfia PR, et al. Am J Respir Crit Care Med 2006; 174:1034-41. 

4. Tei C, et al. J Am Soc Echocardiogr 1996; 9:838-47. 

 



Typical echocardiographic features  

in severe PAH 

RV = right ventricle; LV = left ventricle;  

RA = right atrium; LA = left atrium 

dilatation of the right cavities 

compression of the left cavities 

pericardial  

effusion  

Habib G and Torbicki A.  

Eur Respir Rev 2010; 19:288-99. 



 Επιθάνεια Δεξιού Κόλπος  

S
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RA size < median 

(p= 0.005) 
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RA size > median 
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Raymond et al. JACC 2002: 39; 1214-9 

Αύξηζη ηηρ επιθάνειαρ 

ηος δεξιού κόλπος 

(cm2/m) 



 Πεπικαπδιακή Σςλλογή 
Μέγεθορ ΠΣ 

No effusion 
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(p =  0.003) 
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Raymond et al. JACC 2002: 39; 1214-9 



Δείκηηρ Εκκενηπόηηηαρ 

EI <median 

EI >median 
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Αύξηζη ηος δείκηη 

εκκενηπόηηηαρ 
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Raymond et al. JACC 2002: 39; 1214-9 

(P=0.074) 



 Δείκηηρ Tei 
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Tei et al. J. Am Soc Echocardiography 1996;9:838-47 



IVRT + IVCT  /  ET 

Δείκηηρ Tei 



Δείκηηρ Tapse 
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Log rank X2 6.8 
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Forfia et al. AJRCCM 2006:174 (9);1034-41 



Δείκηηρ Tapse 



 

Echo score 

TAPSE<15mm 

Right atrial area>25 cm2 

 Right atrial/ left atrial area>1.5  

 

 



Αιμοδσναμικές Μεηαβληηές - 
Πρόγνωζη 

D’Alonso et al. Ann Intern Med 1991;115:343-9. 

in patients with primary 
pulmonary hypertension whose 
mean right atrial pressure was 
<10 mmHg, median survival 
was nearly 50 months without 
pulmonary vasodilator therapy, 
compared with less than 3 
months in patients whose mean 
right atrial pressure was ≥20 
mmHg 

< 55 mm Hg 

> 85 mm Hg >20 mm Hg 

< 10 mm Hg > 2 l/ min / m2 

<  2 l/ min / m2 
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Καπδιοαναπνεςζηική Δοκιμαζία Κόπωζηρ-   

Ππόγνωζη 
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Peak VO2 > 10.4 ml/kg/min 

Peak VO2 < 10.4 ml/kg/min 

Peak VO2  

Maximum oxygen uptake 

Wensel R et al. Circulation. 2002;106:319-324. 

Diller et al, Circulation 2005 
 

p < 0.001 



Cardiopulmonary exercise 

testing 



Monitoring patients with PAH: 

When and how to assess 

At baseline 

(prior to 

therapy) 

Every  

3-6 months 

3-4 months 

after initiation 

or changes in 

therapy 

In case  

of clinical 

worsening 

Clinical 

assessment WHO-

FC  

ECG 

    

6-MWD     

Cardio-pulmonary 

exercise testing 
   

BNP/NT-proBNP     

Echocardiography    

RHC    

Galiè N, et al. Eur Heart J 2009; 30:2493-537. 



Thanks for your attention  


