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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 PAH 

Mean PAP  
≥ 25 mmHg  

(at RHC) 

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

Other causes of pre-capillary PH must be excluded 



Yes Yes 

5th World Symposium on PH:  
Diagnosis of PAH 

Symptoms, signs, history suggestive of PH 

Consider most common causes of PH  
(i.e, left heart disease, lung disease) 

Echocardiography compatible with PH? 

PH unlikely 

History, signs, risk factors, ECG,  
X-ray, pulmonary function test incl. DLCO,  

consider blood gas analysis, HR-CT 

Consider other causes  
or recheck 

Diagnosis of heart disease or lung disease 
confirmed? 

No signs of severe PH/
RV dysfunction 

Signs of severe PH/RV 
dysfunction 

Ventilation/perfusion scintigraphy 
Unmatched perfusion defects? Treat underlying disease Refer to PH expert centre 

CTEPH likely 
CT angiography, RHC plus pulmonary angiography 

(pulmonary endarterectomy expert centre) 

RHC 
mPAP ≥ 25 mmHg, PAWP  

≤ 15 mmHg, PVR > 3 Wood units 

PAH likely 
Specific diagnostic tests Consider other causes 

Yes No 

No 

Yes No 

Yes No 

Hoeper M , JACC 2013;62:D42-50 



Echo 
MR CT 

scan 

V/Q scan 

Pulmonary  
Angiography 



Echo for PAH diagnosis? 

Echo provide an acceptable compromise among accuracy, 
safety, simplicity and cost: best screening tool for PAH! 

Rich JD, CHEST 2013;143:1533-36  
Rudsky LG, CHEST 2013;143:1536-39  



Echo for PH diagnosis: pitfalls 

Rich JD, CHEST 2013 



J Am Soc Echocardiogr 2010;23:685-713 

From the Holy Bible of Echocardiography… 



2009 

PH possible: 

-  PASP 37-50 mmHg (TVR 2.9-3.4 m/s) 

-  additional echo variables 

 

PH likely:  

- PASP >50 (TVR > 3.4 m/s) 



²  Prospective study 
²  161 patients referred for a suspicion of PH 
²  152/161 patients with sufficient quality echo imaging 
²  Echo within 1 hour of an indicated RHC 

D’Alto M et al, Int J Cardiol 2013:168(4):4058-62  

Good accuracy (low bias) 
Insufficient precision (large limits of agreement)  

Bias: 
0.5+9 mmHg 
 
Limits of agreement: 
-19 to +18 mmHg 



The concept of accuracy and precision 

•  Echo is adequate for population studies 
(good accuracy = low bias) 

•  Echo is inadequate for individual diagnosis 
(insufficient precision = large limits of 
agreement)  

RHC 
D’Alto M et al, Int J Cardiol 2013:168(4):4058-62  



Indirect PAH signs 

-  Increased velocity PV reg (mPAP)  

-  Short acc. time in RVOT (mPAP)  

-  Right heart dilation 

-  Flat IV septum (LV eccentricity index)  

-  Increased RV wall thickness 



Pre-test probability of precapillary PH 

2009 



RV anatomy: normal versus PAH 

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 

RV 



J Am Soc Echo, 2015 

•  152 patients  
•  echo and RHC within 1 hour 



J Am Soc Echo, 2015 

4.1 



J Am Soc Echo, 2015 



Canadian J Cardiol, 2015;31:440-59 

Multimodality imaging in pulmonary 
hypertension 



HR-CT: Pulmonary veno-occlusive disease (PVOD)  
and pulmonary capillary hemangiomatosis (PCH) 

PVOD 

PCH 

Suspected PCH/PVOD on the basis of 
clinical worsening while on iv prostacyclin 
therapy with subsequent intractable 
pulmonary edema 

Bossone et al, Canadian J Cardiol 2015 



Mismatch = high 
probability of CTEPH 

Bossone et al, Canadian J Cardiol 2015 

V/Q scan (scintigraphy) for ruling out CTEPH 

ventilation 

perfusion Courtesy A Cuocolo 



Pulmonary CT angiography for chronic 
thromboembolic pulmonary hypertension (CTEPH) 

Acute pulmonary embolism: 
filling defect forming acute angles 
(arrow) with the vessel wall, 
compatible with acute pulmonary 
embolism (PE). 

Acute and chronic embolism: eccentric wall-
adherent peripheral thrombus (arrow) with irregular 
contour of the intimal surface (chronic PE). Central 
filling defect in the left lower lobe pulmonary artery 
and lingula (arrowheads) due to acute PE. 

Bossone et al, Canadian J Cardiol 2015 



Pulmonary CT angiography before and 
after pulmonary endoarterectomy (PEA) 

before  

after  

Bossone et al, Canadian J Cardiol 2015 



A 38-year-old female patient with 
pulmonary arterial hypertension 
and an ASD with shortness of 
breath and chest pain. 

Left main compression due to 
enlargement of the proximal 
pulmonary artery. Symptoms 
resolved with a left main bare 
metal stent. 

Bossone et al, Canadian J Cardiol 2015 

Myocardial ischemia in PAH patients? 



Typical surgical 
specimens 

Pulmonary 
angiogram 

Courtesy A D’Armini 



“La specie che sopravvive non è quella più forte, né quella più intelligente.  
Ma quella che si adatta meglio al cambiamento”. 

“It is not the strongest of the 
species, nor the most intelligent 
that survives.  
It is the one that is most 
adaptable to change”. 
 
From: The origin of species. 

Who is able to survive? 



Right ventricular remodeling in Eisenmenger 
syndrome 

Diller, Eur Heart J 2007;H54–H60 

diastole systole 

IPAH 

CHD-
PAH 

IPAH 

CHD-PAH 

PH and GUCH Unit Monaldi 

Optimal RV adaptation 



Parameters reflecting RV function 

n  Echocardiography 
n  Right atrial area1 

n  Right ventricular area1 

n  TAPSE1,2 

n  Tei index3 

n  Right ventricular fractional area change2 

n  Degree of tricuspid regurgitation2 

n  Pericardial effusion4 

n  Inferior vena cava collapsibility2 

n  Superior vena cava flow velocity 
pattern2 

n  Left ventricular eccentricity index2 

n  Right ventricular filling pressure5 

n  Right ventricular ejection fraction6 

n  Right ventricular stroke volume 
n  Right ventricular mass 
n  Right ventricular volume1 

RHC 
n  Right arterial pressure7 

n  Cardiac index8 

Biomarkers 
n  N-terminal pro-brain natriuretic peptide9 

n  Troponin T10  
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. JACC 2002.  
5. Utsunomiya H, et al. J Am Soc Echocardiogr 2009. 6. van de Veerdonk M, et al. JACC 2011.  

7. McLaughlin VV, et al. Circulation 2002. 8. D’Alonzo GE, et al. Ann Intern Med 1991.  
9. Nagaya N, et al. JACC 1998. 10. Torbicki A, et al. Circulation 2003. 

n  MRI 

TAPSE: tricuspid annular  
plane systolic excursion 



Raymond et al. J Am Coll Cardiol. 2002 

Right Atrial Size Pericardial Effusion LV-Eccentricity Index 

RA size < median 

RA size > median 

No effusion 

Effusion 

EI < median 

EI > median 

EI < median 

EI > median 

No effusion 

Effusion 

RA size < median 

RA size > median 
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Echocardiographic predictors in PAH 



Poor prognosis in 
PAH if… 

Echocardiography 2015 

Pericardial effusion 



TDI  S’ Peak 
7 cm/s 

FAC (<35%) TAPSE (<16 mm) 

S’ TDI (<10 cm/sec) 

Tei Index (>0.55) 

Poor prognosis in 
PAH if… 

Echocardiography 2015 



D’Alto M et al, Echocardiography 2015 

Severely reduced myocardial deformation properties (A. strain; B. strain rate).  
Myocardial deformation was more severely compromised at mid and apical right 
ventricular free wall, while basal segment was less involved, suggesting a different 
regional response to pressure overload. 

Evidence of presystolic 
tricuspid regurgitation  



D’Alto M et al, Echocardiography 2015 

Speckle tracking, an angle independent technique, 
allows the assessment of circumferential myocardial 
deformation. 

Severe reduction of 
circumferential strain  

Asynchronous 
peak deformation 



Cardiac MRI: Four-chamber and short-axis in a 
healthy subject and in a PAH patient 

Control PAH 

RV 

RV 

RV 

RV 



Take-at-home message - 1 

n  Multimodality imaging is a must in PAH diagnosis and 
management. 

n  Echo plays a key-role in screening, differential 
diagnosis and follow-up.  

n  Echo does not provide “magic numbers”: multi-
parametric evaluation (echo as part of clinic 
evaluation!).  

n  Echo does not allow a certain diagnosis in individual 
patients (insufficient precision = large limits of agreement):  
gold standard for PAH diagnosis remains right heart 
catheterization. 



Take-at-home message - 2 

n  HR-CT scan provides important information on lung 
diseases. 

n  V/Q scan is indicated for ruling-out CTEPH. 
n  Pulmonary angio-CT scan and pulmonary angiography 

are mandatory for CTEPH evaluation. 
n  Cardiac MRI is important for studying RV remodeling and 

function and identifying pulmonary vessels anomalies. 



Multitasking PAH-imaging expert 


