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Incidence, clinical features, hemodynamic and outcomes of residual pre-capillary pulmonary 

hypertension after surgical correction of mitral valve diseases:  prognostic value of rest and exercise 

echocardiographic assessment, compared with clinical and biochemical markers and conventional and 

novel invasive hemodynamic parameters. 
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STUDY 

 

Background 

Pulmonary hypertension (PH) is a haemodynamic and pathophysiological condition defined as an increase in 

mean pulmonary arterial pressure (PAP) ≥ 25 mmHg at rest as assessed by right heart catheterization (RHC). 

PH can be found in multiple clinical conditions. Different pathobiological features characterize the diverse 

clinical PH Group. According to various combinations of values of pulmonary wedge pressure (PWP), 

pulmonary vascular resistance (PVR), and cardiac output (CO), different haemodynamic definitions of PH 

are considered: pre-capillary PH includes the clinical groups with mean PAP ≥ 25 mm Hg, PWP ≤ 15 mmHg 

and CO normal or reduced, post-capillary PH includes the clinical group with PAP ≥ 25 mm Hg, PWP ≥ 15 

mmHg and CO normal or reduced. 

PH carries a poor prognosis for patients with chronic heart failure. In the literature the mortality rate after 28 

months of follow-up was 57% in patients with moderate PH compared with 17% in patients without PH. In 

left-sided valvular diseases, the prevalence of PH increases with the severity of the defect and of the chronic 

heart failure symptoms. Mitral valve disease is a common cause of post-capillary pulmonary hypertension 

and PH can be found in virtually all patients with severe symptomatic mitral valve disease. However, there is 

no consensus about the outcome of patients with PAH after mitralic valve replacement in the literature. The 

mechanisms responsible for the increase in PAP are multiple and include the passive backward transmission 

of the pressure elevation; in these cases the transpulmonary pressure gradient (TPG = mean PAP minus mean 

PWP) and PVR are within the normal range. In other circumstances the elevation of PAP is greater than that  

 



 

 

of PWP (increased TPG) and an increase in PVR is also observed (post-capillary reactive or ‘out of 

proportion’ PH); the elevation of PVR is due to an increase in the vasomotor tone of the pulmonary arteries 

and/or to fixed structural obstructive remodelling of the pulmonary artery resistance vessels: the former 

component of reactive PH is reversible under acute pharmacological testing while the latter, characterized by 

medial hypertrophy and intimal proliferation of the pulmonary arteriole, does not respond to the acute 

challenge. Which factors lead to reactive (out of proportion) PH and why some patients develop the acutely 

reversible vasoconstrictive or the fixed obstructive components or both is poorly understood. 

Pathophysiological mechanisms may include vasoconstrictive reflexes arising from stretch receptors 

localized in the left atrium and pulmonary veins, and endothelial dysfunction of pulmonary arteries that may 

favour vasoconstriction and proliferation of vessel wall cells. 

 

 

Aim of the study 

To assess the incidence of residual “reactive” pre-capillary pulmonary hypertension after surgical correction 

of mitral valve disease (valvuloplasty or valve replacement) and the hemodynamic chenges after elective 

mitral valve surgery in patients with severe and mild pulmonary arterial hypertension. To assess, also, 

clinical, functional and hemodynamics characteristics and prognostic significance of the “prosthetic valve-

patient mismatch” (PPM).  

 

 

 

 

 



 

 

 

 

Methods 

In this prospective observational study all consecutive patients undergoing elective mitral valve surgery in 

“Maggiore della Carità” Hospital Novara are enrolled the study and undergo echocardiographic evaluation of 

pulmonary artery pressure before surgery. With continous-wave Doppler, the maximum peak tricuspid 

regurgitant velocity (TRV) recorded from any view is used to determine the PASP with the simplified 

Bernoulli’s equation [PASP = 4*(peak TRV)2 + mean right atrial pressure]; mean right atrial pressure (RAP) 

is estimate from the respiratory changes of the inferior vena cava diameter with inspiration as follow: 

complete collapse RAP=5 mm Hg, partial collapse RAP=10 mmHg, and no collapse RAP=15 mmHg. 

Pulmonary artery systolic pressure was assumed to equate the right ventricular systolic pressure in the 

absence of pulmonic stenosis and right ventricular outflow tract obstruction. 

In keeping with current guidelines, PH was defined using the pre-specified cut-off of PASP ≥ 50 mmHg at 

rest. In the present study, the term PH refers to an increased PASP associated with left heart diseases (Group 

2 clinical classification of PH). 

 Traditional index transthoracic echocardiograms are also performed using standard methods: left and right 

atrial volume, left and right ventricular volume and function.   

 Patients with PASP ≥ 50 mmHg are addressed to the preoperative right heart catheterization, in order to 

confirm pulmonary hypertension (PAMP ≥ 25 mmHg) and to evaluate the hemodynamic profile by 

measuring mean pulmonary artery, pulmonary wedge pressure, pulmonary vascular resistence and cardiac 

index. These patients are studied six months after mitral valve surgery with clinical and echocardiographic 

follow-up.  The right heart catheterization will be performed in patients with echocardiographic PASP ≥ 50 

mmHg, and indirect signs of pulmonary hypertension, in order to select “reactive” pre-capillary pulmonary  



 

 

 

hypertension. In patients with PAMP < 50mmHg will be performed stress echo, to increase diagnostic 

sensitivity. It will be also evaluated the relationship between body surface area and prosthesis size, as 

predictor factor of persistent post-operative pulmonary hypertension. 

 

 

End points 

Primary end point: analysis and prevalence of residual pre-capillary pulmonary hypertension 6 months after 

mitral valve surgery. 

Secondary end point: evaluation of the "valve prosthesis-patient mismatch" (PPM) in patients with residual 

post-capillary pulmonary hypertension. 
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