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Million dollar question!



PH Classification

PH-LHD is the most frequent form of PH
But also the form of PH with less therapeutic options!



controversies and gaps of evidence in PH-LHD in
1- definitions, 
2- mechanisms, 
3- clinical management of PH-LHD.

This could / should help understanding why we still do 
not know which is the best target for treatment.

Best we can do is to identify:



1° Issue

Definition of PH-LHD



PAWP of  >15 mmHg
is the cut off to define
post-capillary PH

How robust is this
PAWP threshold ?

2015



Inclusion criteria (described in Ann Intern Med 1987):
PAWP <=12 mmHg.





1996 - «The First Trial in PAH» 



Inclusion criteria: PAWP<15 mmHg



RESULTS: Receiver operating characteristic analysis identified
mean pulmonary arterial wedge pressure (mPAWP) < 12 mm Hg 
and diastolic pulmonary vascular pressure gradient (DPG) >=7 
mm Hg as the best hemodynamic discriminators between
idiopathic PAH and postcapillary PH.

PURPOSE: to define hemodynamic thresholds between
precapillary and postcapillary PH with the goal of excluding pts
with left heart disease as the cause or comorbidity of PH.



2° Issue

Pathophysiological mechanisms of PH-LHD



• Drazner MH, JHLT 1999
1000 HF pts undergoing
transplant evaluation

• Ghio S, JACC 2001
377 HF pts undergoing
transplant evaluation

Mechanisms of PH-LHD: 
backward transmission of high filling pressure…. 



• Drazner MH, JHLT 1999
1000 HF pts undergoing
transplant evaluation

• Ghio S, JACC 2001
377 HF pts undergoing
transplant evaluation

… «followed» by a superimposed reactive increase in 
vascular resistances (due to vasoconstriction and/or PVD).



• Drazner MH, JHLT 1999
1000 HF pts undergoing
transplant evaluation

• Ghio S, JACC 2001
377 HF pts undergoing
transplant evaluation

… «followed» by a superimposed reactive increase in 
vascular resistances (due to vasoconstriction and/or PVD).

«Followed» is likely not totally correct. 



Cody RJ, Circulation 1992
Endothelin plasma levels

correlate with PH in HF 
pts

Dupuis J, Circulation 1996
Endothelin spill over in the 

lungs correlates with PVR 
in HF pts

Cooper CJ, Am J Cardiol 98
LNMMA (NO inhibitor) in 
PArt. of 6 subjects, 9 HF pts, 

9 HF+PH pts.
Increase in PVR was less in 

HF+PH pts than HF or 
subjects.

… «followed» by a superimposed reactive increase in 
vascular resistances (due to vasoconstriction and/or PVD).

Is it a time-dependent mechanism or patient-related? Or both?



141 single-nucleotide polymorphisms (SNPs) shared between patients with Cpc-PH and PAH were
identified. These SNPs were associated with genes that are highly expressed in lung tissue and involve 
gene ontology groups implicated in PAH pathophysiology, such as cytoskeletal structure and function.

Vanderbilt University’s
electronic medical record linked
to a DNA biorepository was used
in a total of 2,817 patients with 
PH (13% Cpc-PH, 52% Ipc-PH, 
and 20% PAH) .

… «followed» by a superimposed reactive increase in 
vascular resistances (due to vasoconstriction and/or PVD).
Genetic predisposition?



Is the disproportionate increase in PVR vasoconstriction or PVD ?

Few and controversial published histopathologic data.
Until recently. 

A recent study showed that PVD in PH-LHD is NOT similar to 
that observed in PAH patients 



53 HFpEF and 55 HFrEF with PH 
12 normal controls
17 PVOD

quantitative histomorphometry
was performed in all analyzable arteries (n=4949), veins
(n=7630), and small indeterminate vessels (IV; n=2168)





The risk associated with lung biopsies makes histopathologic data 
unavailable to make diagnosis of PVD in individual patients.

We rely on hemodynamic parameters to identify LHD patients with 
pulmonary vascular remodeling.

How do we identify PVD in vivo?



2009



2013 World Congress:
NEW definitions of 
post-capillary PH are 
NECESSARY!

2015

2015 GL: 
DPG is the best 
indicator of 
«pulmonary
vasculopathy».



2019 World Congress: 
Step back to PVR to 
define the presence of 
«pulmonary
vasculopathy»!



Over and above controversies and discussions on hemodynamic 
profiles in PH-LHD, the question we must ask is whether 
hemodynamic phenotyping is useful 
to identify irreversible PVD or 
to identify pts to include in trials.

Hemodynamic phenotyping in PH-LHD



If we look for irreversible disease, Cardiac Surgeons (and 
Cardiologist who list HF patients for heart transplant) know
precisely and since many years what is irreversible!

Using the «simplest» possible approach: 
what does not change, by definition is irreversible.

Hemodynamic profiles to identify irreversible PVD



Costard-Jackle A et al. JACC 1992; 19:48

Baseline PVR >2.5 WU vs  ≤2.5 UW :  
3-month mortality 17.9 vs 6.9%

Achieving PVR ≤2.5 UW and BP >85 mmHg after NTP: 
3-month mortality 3.8%

NOT achieving PVR ≤2.5 UW and BP >85 mmHg after NTP: 
3-month mortality 40.6%

Influence of Preoperative Pulmonary Artery Pressure on Mortality
After Heart Transplantation: Testing of Potential Reversibility of 
Pulmonary Hypertension With Nitroprusside Is Useful in Defining
a High Risk Group. 





DOES Cpc-PH PHENOTYPE 
IDENTIFY  IRREVERSIBILITY ?

Right heart catheterization and acute
reversibility testing was performed in 
156 HFrEF-PH patients (transplant 
candidates). Patients were classified as 
Cpc-PH vs. Ipc-PH.
The vast majority of Cpc-PH patients 
showed a great reversibility in PVR, 
DPG and TPG (> than Ipc-PH).
Only PCa improved less in Cpc-PH 
than in Ipc-PH patients





November 2017



3° Issue

Int J Cardiol 2019

No indications on specific subgroups of pts who might respond better

Hemodynamic profiles to identify pts to include in trials



PH is different in PH-HFrEF vs PH-HFpEF

Further suggestions to identify specific subgroups of pts who
might respond better to PAH specific drugs







Further suggestions to identify specific subgroups of pts who
might respond better to PAH specific drugs

The mechanisms of right ventricular dysfunction are 
different in PH-HFrEF vs PH-HFpEF



The determinants of RV 
dysfunction are different in 
different subgroups of HF.
PH is more relevant in HFpEF
than in HFrEF.



The determinants of RV 
dysfunction are different in 
different subgroups of HF.
PH is more relevant in HFpEF
than in HFrEF.

This does not mean that PH-HFpEF is better responsive 
to vasodilator treatments. 



How to phenotype HFpEF is unclear.

Phenotype HFpEF

Sanjiv J. Shah



387 HFpEF patients



MELODY is the latest trial which failed to demonstrate efficacy
of PAH drugs in Group 2 PH (mainly HFpEF, all Cpc-PH).



Which are the Group 2 PH 
patients to be enrolled in a 
trial with pulmonary
vasodilators?

Int J Cardiol 2019

PH-LHD is a challenge for clinicians and for trialists.

We need to better clarify its mechanisms to better identify
PVD and then continue to explore therapeutic possibilities.


