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Summary 
Pulmonary hypertension associated with left-sided 
heart disease (PH-LHD) is the most common type of 
pulmonary hypertension. In patients with left-sided 
heart disease, the presence of pulmonary hyperten-
sion is typically a marker of more advanced disease, 
more severe symptoms, and worse prognosis. In 
contrast to pulmonary arterial hypertension, PH-LHD 
is characterised by an elevated pulmonary artery 
wedge pressure (postcapillary pulmonary hyperten-
sion) without or with an additional precapillary com-
ponent (isolated postcapillary versus combined post-
capillary and precapillary pulmonary hypertension). 
Transthoracic echocardiography is the primary nonin-
vasive imaging tool to estimate the probability of 
pulmonary hypertension and to establish a working 
diagnosis on the mechanism of pulmonary hyperten-
sion. However, right heart catheterisation is always 
required if significant pulmonary hypertension is sus-
pected and exact knowledge of the haemodynamic 
constellation is necessary. The haemodynamic con-
stellation (mean pulmonary artery pressure, mean 
pulmonary artery wedge pressure, left ventricular end-
diastolic pressure) in combination with clinical infor-
mation and imaging findings (mainly echocardiog-
raphy, coronary angiography and cardiac magnetic 
resonance imaging) will usually allow the exact mech-
anism underlying PH-LHD to be defined, which is a 
prerequisite for appropriate treatment. The general 
principle for the management of PH-LHD is to treat the 
underlying left-sided heart disease in an optimal man-
ner using drugs and/or interventional or surgical ther-
apy. There is currently no established indication for 
pulmonary arterial hypertension-specific therapies in 
PH-LHD, and specific therapies may even cause harm 
in patients with PH-LHD. 
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Abbreviations 
DPG: diastolic pressure gradient 
HFpEF: heart failure with preserved ejection fraction 
HFrEF: heart failure with reduced ejection fraction 
HFmrEF: heart failure with mid-range ejection fraction 
LVEDP: left ventricular end-diastolic pressure 
LVEF: left ventricular ejection fraction 
PAP: pulmonary artery pressure 
PAWP: pulmonary artery wedge pressure 
PDE-5: phosphodiesterase-5 
PH-LHD: pulmonary hypertension associated with left-sided heart 
disease 
PVR: pulmonary vascular resistance 
TPG: transpulmonary gradient 
TRV: tricuspid regurgitation velocity 

Introduction 

Pulmonary hypertension associated with left-sided heart 
disease (PH-LHD; group 2 pulmonary hypertension, table 1) 
is the most common type of pulmonary hypertension, 
probably accounting for approximately 75% of cases [1–4]. 
Many forms of left-sided heart disease can be associated 
with pulmonary hypertension, and the presence of PH-LHD 
is typically a marker of more advanced heart disease, more 
severe symptoms, and worse prognosis [4]. Importantly, the 
haemodynamic situation in PH-LHD differs fundamentally 
from that of other forms of pulmonary hypertension, i.e., 
groups 1, 3, 4, and at least in part group 5 (table 1). Whereas 
the latter forms of pulmonary hypertension are character-
ised by a precapillary problem (with the exception of group 
1’ as discussed later), i.e., pulmonary arterial hypertension, 
group 2 pulmonary hypertension is characterised primarily 
by a postcapillary obstruction of the vascular bed, i.e., pul-
monary venous hypertension [1]. The accurate diagnosis of 
PH-LHD and the identification of the exact underlying 
mechanism can be challenging, but is crucial as the basis on 
which to define the appropriate management. Misdiagnosis 
of pulmonary arterial hypertension in patients with PH-LHD 
is not uncommon and may lead to inappropriate use of 
pulmonary arterial hypertension-specific therapies, which 
can precipitate pulmonary congestion in these patients [5, 
6]. In this review we present a summary of the current un-
derstanding of pathophysiology, diagnostic approach and 
treatment of patients with PH-LHD. 
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Table 1: Classification of pulmonary hypertension (PH) according to current guidelines [1]. Please see table 2, table 4 and text for details. 

Group Haemodynamic constellation 

1. Pulmonary arterial hypertension Precapillary PH 

1’ Pulmonary veno-occlusive disease and/or pulmonary capillary hae-
mangiosis 

Postcapillary PH and “capillary” PH, respectively 

1’’ Persistent PH of the newborn Precapillary PH 

2. PH due to left-sided heart disease Postcapillary PH 

3. PH due to lung disease and/or hypoxia Precapillary PH 

4. Chronic thromboembolic PH and other pulmonary 
artery obstructions 

Precapillary PH 

5. PH associated with unclear and/or multifactorial 
mechanisms 

Precapillary and postcapillary forms of PH 

 
 
Epidemiology 

The prevalence of pulmonary hypertension in patients with 
left-sided heart disease depends on the method of pulmo-
nary artery pressure (PAP) measurement (estimation with 
echocardiography vs right heart catheterisation), the defini-
tion of pulmonary hypertension applied (invasively as-
sessed mean PAP >25 mm Hg vs cut-offs for echocardio-
graphically estimated systolic PAP, e.g. ≥35 mm Hg), and the 
disease severity of the population studied. In a recently 
published study from large cohort of patients with heart 
failure and a reduced ejection fraction (HFrEF) undergoing 
cardiac catheterisation (n = 664), Gerges et al. reported a 
prevalence of PH-LHD (mean PAP >25 mm Hg) of 68% [7]. By 
design (indication for cardiac catheterisation) this was a 
selected population. However, invasive haemodynamic data 
from unselected HFrEF patients are unlikely to be available. 
In a community-based cohort of patients with heart failure 
with preserved ejection fraction (HFpEF) (n = 244), the preva-
lence of pulmonary hypertension, defined as an echocardio-
graphically estimated systolic PAP >35 mm Hg, was 83% [8]. 
The above-mentioned study by Gerges et al. [7] also included 
399 HFpEF patients with a prevalence of PH-LHD of 54%. The 
adverse prognostic impact of the presence of pulmonary 
hypertension has been documented in HFrEF [9, 10] and 
HFpEF [8]. In a cohort of patients with severe primary mitral 
regurgitation and left ventricular ejection fraction (LVEF) 
≥60%, 47% had an estimated systolic PAP ≥35 mm Hg and 
15% had a systolic PAP >50 mm Hg; the degree of pulmonary 
hypertension was an independent predictor of prognosis 
[11]. 

Pathophysiology of pulmonary hyperten-
sion associated with left-sided heart disease 

The pathophysiology of PH-LHD is complex, and a number 
of aspects remain incompletely understood. The primary 
mechanism underlying PH-LHD is the backward transmis-
sion of elevated left-sided filling pressures, which develop 
because of systolic and/or diastolic left ventricular dysfunc-
tion, mitral regurgitation/stenosis, decreased left atrial 
compliance, and increased afterload due to vascular stiff-
ness or aortic stenosis. Aspects of specific disease entities 
are discussed later (see section on differential diagnosis of 
PH-LHD). In the majority of patients with PH-LHD, pulmo-
nary hypertension is purely passive and due to increased 
left atrial pressure and pulmonary venous congestion, a 
situation that is haemodynamically characterised by a high 
pulmonary artery wedge pressure (PAWP) but a low 
transpulmonary gradient (TPG; the difference between 
mean PAP and mean PAWP) and pulmonary vascular re-
sistance (PVR; TPG/cardiac output). In some patients, how-

ever, there is an additional precapillary component due to 
pulmonary vasoconstriction and vascular remodelling, 
which may develop depending on the individual susceptibil-
ity of the pulmonary vasculature and the chronicity of left 
atrial pressure / PAWP elevation. These patients have not 
only a high left atrial pressure and PAWP, but also an eleva-
tion of PVR. The underlying mechanisms include, but are 
probably not restricted to, decreased nitric oxide availabil-
ity, increased endothelin expression, and desensitisation to 
natriuretic peptide-mediated vasodilatation. Histopatholog-
ical changes include thickening of the alveolar-capillary 
membrane, medial hypertrophy, intimal and adventitial 
fibrosis, and luminal occlusion of small pulmonary arteri-
oles, whereas plexiform lesions are usually not found [3]. 
Studies have shown that in advanced HFrEF successful un-
loading of the left ventricle by implantation of an assist 
device not only lowers left-sided filling pressures but also 
PVR [12, 13], suggesting that elevated left-sided filling pres-
sures are indeed the driver for the occurrence of a precapil-
lary component of pulmonary hypertension, and that this 
phenomenon may be at least in part reversible by efficient 
left ventricular unloading. In PH-LHD, the features of left 
ventricular failure are usually more prominent than the 
degree of right ventricular dysfunction (“left ventricular 
phenotype”). However, not only pulmonary arterial hyper-
tension but also combined postcapillary and precapillary 
pulmonary hypertension in the context of PH-LHD can lead 
to right ventricular dysfunction and failure. Therefore, PH-
LHD can also present with a “right ventricular phenotype”, 
i.e., an echocardiographic aspect resembling pulmonary 
arterial hypertension [3]. This picture is thought to repre-
sent an advanced stage of an unfavourable evolution occur-
ring in PH-LHD patients susceptible to right ventricular 
dysfunction and failure [3]. A number of recent studies in 
HFpEF patients have clearly highlighted that subtle right 
ventricular dysfunction and abnormal coupling of the right 
ventricle and the pulmonary vasculature is a common fea-
ture of patients who are thought to primarily have a left 
ventricle disease [14, 15]. Importantly, the degree of right 
ventricular dysfunction and PAP elevation are not always 
proportional, and right ventricular dysfunction is an im-
portant prognostic sign in HFrEF [10], HFpEF [14] and also 
valve disease [16]. 

Definitions of pulmonary hypertension  
associated with left-sided heart disease 

As shown in table 2, PH-LHD is defined as a combination of a 
mean PAP ≥25 mm Hg and a mean PAWP >15 mm Hg [1]. In 
patients with isolated postcapillary pulmonary hyperten-
sion, the TPG (cut-off ≤12 mm Hg as used in the previous 
guidelines [17]), the diastolic pressure gradient (DPG, the 
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difference between diastolic PAP and mean PAWP, cut-off 
<7 mm Hg), and the PVR (cut-off 3 Wood units, 240 
dyn·sec·cm-5) are low. In the current guidelines [1], isolated 
postcapillary pulmonary hypertension is defined as a mean 
PAP ≥25 mm Hg, a mean PAWP >15 mm Hg, and a DPG 
<7 m Hg, whereas combined postcapillary and precapillary 
pulmonary hypertension is defined as mean PAP 
≥25 mm Hg, a mean PAWP >15 mm Hg and a DPG ≥7 mm Hg 
(table 2).  
 
Table 2: Haemodynamic definitions of pulmonary hypertension 
associated with left-sided heart disease according to [1]. 
PH-LHD (postcapillary PH): general definition 
Mean PAP ≥25 mm Hg 

Mean PAWP >15 mm Hg 
Subtypes of PH-LHD according to the presence or absence of a 
pre-capillary component 
Isolated postcapillary PH 
DPG 
And/or PVR 

<7 mm Hg 
≤3 WU 

Combined postcapillary and precapillary PH 
DPG 
And/or PVR 

≥7 mm Hg 
>3 WU 

DPG = diastolic pressure gradient(diastolic PAP − mean PAWP); PAP 
= pulmonary artery pressure; PAWP = pulmonary artery wedge 
pressure; PH = pulmonary hypertension; PH-LHD = pulmonary 
hypertension associated with left-sided heart disease; PVR = pulmo-
nary vascular resistance, (mean PAP − mPAWP)/cardiac output; WU 
= Wood units (1 WU = 80 dyn·sec·cm-5) 
 
The rationale for the use of the DPG rather than the TPG is 
based on the assumption that the DPG is less dependent on 
stroke volume and loading conditions, and may be a better 
marker of outcomes [4, 18]. This definition has now been 
accepted, although results of studies on the prognostic role 
of DPG have been conflicting [18–20]. According to the cur-
rent guidelines, a PVR of >3 WU (240 dyn·sec·cm-5), and/or a 
DPG ≥7 mm Hg, can also be used to differentiate between 
isolated postcapillary pulmonary hypertension and com-
bined postcapillary and precapillary pulmonary hyperten-
sion [1]. The use of PVR rather than TPG has the advantage of 
including an element of cardiac output, which makes sense 
from a pathophysiological point of view as the importance 
of a certain TPG value depends on cardiac output: the higher 
the cardiac output the lower the PVR for a given TPG. On the 
other hand, measurement of cardiac output is subject to 
error and may therefore further complicate the situation 
[21]. In addition, the introduction of PVR in the definition of 
isolated postcapillary versus combined postcapillary and 
precapillary pulmonary hypertension has led to the situa-
tion in which a substantial proportion of patients are un-
classifiable (DPG <7 mm Hg but PVR >3 WU) [22]. Thus, fur-
ther refinement of these definitions can be expected. 

Comprehensive noninvasive and invasive 
assessment 

Diagnosis of pulmonary hypertension 

The first step in the assessment of the patient with possible 
PH-LHD is a thorough clinical assessment. The next step is a 
carefully performed transthoracic echocardiogram to assess 
the probability of the pulmonary hypertension and PH-LHD, 
and to define the underlying mechanisms of left-sided heart 
disease and the therapeutic targets. The first question for 
the echocardiogram is whether pulmonary hypertension is 
present, i.e., to make sure that mean PAP is ≥25 mm Hg. 

Studies have shown good correlations between invasively 
measured systolic PAP and echocardiographically assessed 
systolic PAP as estimated from the peak tricuspid regurgita-
tion velocity (TRV; systolic PAP is 4 × peak TRV2 [according 
to the simplified Bernoulli equation] + central venous pres-
sure) [23]. On the other hand, several studies have shown 
that estimation of systolic PAP based on peak TRV can result 
in significant inaccuracy in the individual patient, particu-
larly overestimation of the true systolic PAP [24, 25]. In 
presence of severe tricuspid regurgitation, underestimation 
of systolic PAP by use of the measured peak TRV is also 
possible. Central venous pressure is often ignored, but this 
can lead to a substantial error in the case of a high central 
venous pressure and a relatively low peak TRV. In addition, 
estimation of mean PAP from peak TRV is theoretically 
feasible since a linear relationship between systolic PAP and 
mean PAP has been demonstrated (mean PAP = 0.61 × sys-
tolic PAP + 2 mm Hg [26]), but it should be realized that this 
is also based on TRV measurement. Therefore, echocardiog-
raphy should not be used to predict systolic PAP as an exact 
number and, importantly, indirect signs of pulmonary 
hypertension must be included in the assessment of the 
probability of pulmonary hypertension. Thus, according to 
current guidelines [1] the probability of pulmonary hyper-
tension (all forms including PH-LHD) is estimated based on 
peak TRV (after exclusion of pulmonary valve stenosis) and 
indirect signs of pulmonary hypertension including en-
largement of the right cardiac chambers, deformation of the 
interventricular septum (“D-shape” of the left ventricle), and 
shortening of the pulmonary acceleration time as follows:  
– Peak TRV ≤2.8 m/s, no indirect signs: low probability of 

pulmonary hypertension;  
– Peak TRV ≤2.8 m/s but indirect signs OR peak TRV 2.9-

3.4 m/s without indirect signs: intermediate probabil-
ity of pulmonary hypertension;  

– Peak TRV 2.9–3.4 m/s with indirect signs OR peak TRV 
>3.4 m/s with/without indirect signs: high probability 
of pulmonary hypertension.  

Importantly, measures of right ventricular function includ-
ing right ventricular fractional area change, tricuspid annu-
lar plane systolic excursion (as assessed with M-mode echo-
cardiography), and right ventricular peak systolic annular 
velocity (as assessed with pulsed-wave tissue Doppler) pro-
vide prognostic information in conjunction with the degree 
of PAP elevation [10, 27].  
Whether or not right heart catheterisation is performed to 
confirm the presence of pulmonary hypertension in a pa-
tient with left-sided heart disease depends on the clinical 
context. In patients with an established pathophysiology, 
e.g. patients with HFrEF, echocardiography is usually suffi-
cient for detecting changes in key haemodynamic parame-
ters including central venous pressure, left ventricular end-
diastolic pressure (LVEDP) and systolic PAP in a qualitative 
manner. An exact assessment of haemodynamic parameters 
by echocardiography is not possible, however [28]. Routine 
right heart catheterisation to guide therapy of acutely de-
compensated patients is not necessary. Right heart catheter-
isation may be considered in patients with HFrEF if there is 
evidence of significant pulmonary hypertension in the 
euvolaemic state, if the haemodynamic constellation is not 
clear, and in severely compromised patients, particularly in 
those for whom cardiac transplantation will be considered. 
A significant precapillary pulmonary hypertension compo-
nent is a contraindication to cardiac transplantation as this 
carries a high risk of early postoperative right heart failure 
of the allograft. In patients with suspected significant PH-
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LHD, but uncertainty about the underlying mechanism (see 
next paragraph), right heart catheterisation will be required. 

Pulmonary hypertension associated with left-sided 
heart disease versus pulmonary arterial hyperten-
sion 

Echocardiography is also an important tool for the differen-
tiation of pulmonary arterial hypertension and PH-LHD. In 
general, features of pulmonary hypertension are less prom-
inent in PH-LHD than in pulmonary arterial hypertension, 
which is because in PH-LHD both left-sided and right-sided 
filling pressures are elevated. An elevated systolic PAP in the 
context of a dilated left ventricle with impaired LVEF, evi-
dence of a specific cardiomyopathy (e.g., hypertrophic car-
diomyopathy or amyloid heart disease), or significant valve 
disease (e.g., severe mitral regurgitation or severe aortic 
stenosis) suggest PH-LHD. If this is not the case, PH-LHD can 
still be present (i.e., HFpEF) but the differentiation from 
pulmonary arterial hypertension is challenging. Patients 
with PH-LHD due to HFpEF are typically older and have 
more classical cardiovascular risk factors than those with 
pulmonary arterial hypertension [29]. Table 3 summarises 
clinical and echocardiographic features of pulmonary arte-
rial hypertension versus PH-LHD [29, 30]. Figure 1 depicts 
key echocardiographic features used in the assessment of 
the patient with suspected pulmonary hypertension and for 
the differentiation between pulmonary arterial hyperten-
sion und PH-LHD. Although algorithms for the echocardio-
graphic differentiation between pulmonary arterial hyper-
tension and PH-LHD are available [30–32], and noninvasive 
estimation of PVR is feasible [33], an accurate noninvasive 

prediction of haemodynamics by means of echocardiog-
raphy is not possible in this setting [34]. Accordingly, right 
heart catheterisation is required if the probability of pul-
monary hypertension is high, first to confirm pulmonary 
hypertension and second to assess the underlying haemo-
dynamic constellation.  
Measurement of PAWP can be associated with inaccuracies, 
and sometimes a “proper” PAWP cannot be obtained. There-
fore, the threshold to performing simultaneous right and 
left heart catheterisation should be low in subjects with a 
high likelihood of left-sided heart disease [35]. Whereas 
routine left heart catheterisation is not recommended in all 
patients with suspected pulmonary hypertension, the avail-
ability of both PAWP and LVEDP will allow the differentia-
tion of pulmonary arterial hypertension and PH-LHD if 
there is doubt about the reliability of a PAWP and the exact 
haemodynamic characterisation of special forms of PH-LHD 
[35]. Assessment of patients with PH-LHD in the context of 
HFpEF can be particularly challenging. Although the echo-
cardiogram may have suggested significant pulmonary 
hypertension, mPAP and PAWP criteria for PH-LHD may not 
be fulfilled during the invasive assessment at rest. Reasons 
for these seemingly discrepant findings may include suc-
cessful treatment with diuretics and/or afterload reduction 
after the echocardiogram has been obtained, or the impact 
of fasting before cardiac catheterisation. 
Patients with HFpEF are characterised by concentric left 
ventricular remodelling with a small left ventricular cavity 
and a steep end-diastolic pressure-volume relationship. In 
these patients with noncompliant left ventricles, relatively 
small changes in left ventricular volume lead to significant 
changes in filling pressures [36]. 

 
 
Table 3: Clinical features and noninvasive findings favouring pulmonary arterial hypertension or postcapillary pulmonary hypertension. 

 Pulmonary arterial hypertension Postcapillary pulmonary  
hypertension 

Clinical features   

Age >65 years No Yes 

Systemic blood pressure ↓/Normal Normal/↑ 

Atrial fibrillation No Yes 

Obesity/diabetes No Yes 

Coronary artery disease No Yes 

BNP/NT-proBNP ↑ ↑ 
Chest X-ray No pulmonary congestion Pulmonary congestion 

ECG RV hypertrophy/strain LV hypertrophy/strain 

Echocardiography   
Peak TRV ↑↑ ↑ 

LV size ↓ ↑ 

LV wall thickness ↓ ↑ 

LV eccentricity index (degree of LV “D-shape”) ↑↑ ↑ 

Apex-forming right ventricle Yes No 

Left atrial size ↓ ↑ 

Mitral regurgitation No/little Little to severe 

E/e’ ↓ ↑ 

Pulmonary flow acceleration time ↓ Normal/↑ 

Peak TRV / VTI RVOT* ↑ Normal/↓ 

BNP/NT-proBNP = B-type natriuretic peptide / N-terminal-pro-B-type natriuretic peptide; E/e’ = ratio of the peak early transmitral velocity to the 
peak early mitral annular velocity (ideally assessed at the lateral annulus); LV = left ventricular; TRV = tricuspid regurgitation velocity = VTI RVOT: 
velocity time integral in the right ventricular outflow tract 
* Noninvasive surrogate of pulmonary vascular resistance 
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Figure 1 

Important echocardiographic features for 
the assessment of the patient with 
suspected pulmonary hypertension. 
Direct (elevated peak tricuspid regurgita-
tion velocity) and indirect (right ventricu-
lar dilatation, hypertrophy, and dysfunc-
tion as well as right atrial dilatation) are 
seen in all forms of pulmonary hyperten-
sion. In general, evidence of significant 
pulmonary hypertension without evi-
dence of left-sided heart disease sug-
gests pulmonary arterial hypertension, 
particularly if the right ventricle and right 
atrium are bigger than the left ventricle 
and the left atrium, and there is evidence 
of higher right atrial than left atrial pres-
sure (atrial septum bulged to the left). In 
contrast, signs of pulmonary hyperten-
sion combined with evidence of signifi-
cant left-sided heart disease suggest PH-
LHD, particularly if there is evidence of 
higher left atrial than right atrial pressure 
(left atrium bigger than right atrium, and 
atrial septum bulged to the right). 
CW = continuous wave; LA = left atrium; 
LV = left ventricle; PW = pulsed wave; 
RA = right atrium; RV = right ventricle; 
TAPSE = tricuspid annular plane systolic 
excursion 
 

 

 

Figure 2 

Approach to the patient with suspected 
pulmonary hypertension (modified and 
simplified according to [3]). 
*There is no accepted definition of the 
severity of pulmonary hypertension. As 
an arbitrary definition it is suggested that 
“moderate/severe pulmonary hyperten-
sion” is a peak tricuspid regurgitation 
velocity (TRV) 2.9–3.4 m/s + indirect 
signs of pulmonary hypertension OR 
peak TRV >3.4 m/s with/without indirect 
signs of pulmonary hypertension. Ac-
cordingly, “mild pulmonary hyperten-
sion” is peak TRV ≤2.8 m/s but indirect 
signs OR peak TRV 2.9–3.4 m/s without 
indirect signs. 
For further details, please see text. 
CPET = cardiopulmonary exercise test; 
LHD = left-sided heart disease; LVEDP = 
left ventricular end-diastolic pressure; 
PAH = pulmonary arterial hypertension; 
PH = pulmonary hypertension 
 

 
 

Thus, in a fasting or diuretic-treated patient, a fluid chal-
lenge (500 ml saline over 5 minutes) may be needed to 
unmask these properties of the left ventricle and to diag-
nose PH-LHD in the context of HFpEF [35, 37]. In addition, 
exercise right heart catheterisation can be very instructive 
on the haemodynamic profile of patients with HFpEF [36, 38, 
39]. However, both administration of a fluid bolus and exer-
cise right heart catheterisation have not been standardised, 
are thus not yet recommended for routine use, and should 
be performed only in expert centres [35]. 
It is of utmost importance that invasive haemodynamic 
measurements are looked at in the light of the precatheteri-
sation working diagnosis, which should always be estab-

lished after a thorough clinical and echocardiographic as-
sessment. This diagnostic process in a patient with suspect-
ed pulmonary hypertension is summarised in figure 2. If 
noninvasive and invasive haemodynamic measures are 
congruent, one can proceed to planning the patient’s man-
agement. However, if this was not the case, then a certain 
PAWP reading should not lead to the noncritical rejection of 
the precatheterisation working diagnosis. Rather, it should 
be asked whether PAWP was not correctly measured (zero 
level, PAWP measured at end-expiration without perform-
ing a Valsalva manoeuvre, significant difference between 
PAWP and LVEDP) or whether measures had been per-
formed which had changed the haemodynamic situation 
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between the time of echocardiography to the time of cardiac 
catheterisation (e.g., forced diuresis). It should be kept in 
mind that patients with pulmonary arterial hypertension 
typically have low rather than borderline PAWP levels 
(mean PAWP ≈ 9 mm Hg in the Study with an Endothelial 
Receptor Antagonist in Pulmonary arterial Hypertension to 
Improve cliNical outcome [SERAPHIN] [40], a classical pul-

monary arterial hypertension population), and that mPAWP 
readings between 12 and 15 mm Hg should already raise the 
suspicion for PH-LHD. Figure 2 also highlights that not every 
patient with echocardiographic evidence of pulmonary 
hypertension and clear evidence of left-sided heart disease 
needs right heart catheterisation. 

 

 

Figure 3 

Schematic representation of the differential diagno-
sis of pulmonary hypertension according to the level 
of obstruction in the circulation. For explanation, 
please see table 4 and text. AV = aortic valve; LA = 
left atrium; LV = left ventricle; MA = mitral valve; RA 
= right atrium; RV = right ventricle 

 
Table 4: Haemodynamic differential diagnosis of pulmonary hypertension (complementary information to figure 3). 

 A B C D E F G 

 PAH 
PH-lung 

PVOD PV stenosis Stiff LA MS MR HFpEF HFrEF AS 

Mean PAP ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ 
Mean PAWP ↓/N N ↑ ↑ ↑ ↑ ↑ ↑ ↑ 
LVEDP ↓/N ↓/N ↓/N ↓/N ↓/n ↑ ↑ ↑ ↑ 
LA size N N N ↑ ↑ ↑ ↑ ↑ ↑ 
MV N N N N Stenosis ± 

regurg. 
Regurg. N/regurg.† N/regurg.† N/regurg.† 

e’ N N N N ↓* ↓ ↓ ↓ N/↓ 
LVEF N N N N N N/↓ N ↓ N/↓ 
AV N N N N N N N N Stenosis 
AV = aortic valve; e’ = early diastolic mitral annular velocity as assessed with tissue Doppler; HFpEF = heart failure with preserved ejection 
fraction; HFrEF = heart failure with reduced ejection fraction; LA = left atrium; LV = left ventricle; LVEDP = left ventricular end-diastolic pressure; 
LVEF = left ventricular ejection fraction; MV = mitral valve; MR = mitral regurgitation; MS = mitral stenosis; N = normal; PAH = pulmonary arterial 
hypertension; PAP = pulmonary artery pressure; PAWP = pulmonary artery wedge pressure; PV = pulmonary vein; PVOD = pulmonary veno-
occlusive disease. 
A–G level of the haemodynamic obstruction/problem: A pulmonary arteries and arterioles: pulmonary arterial hypertension and pulmonary hyper-
tension associated with lung diseases (PH-lung). – B pulmonary venules: pulmonary veno-occlusive disease. – C pulmonary veins: PV stenosis. – 
D left atrium: stiff LA. – E mitral valve: mitral stenosis, mitral regurgitation. – F left ventricle: heart failure with reduced ejection fraction, heart 
failure with preserved ejection fraction. – G left ventricular outflow tract: aortic stenosis. 
* In presence of mitral annular calcification, e’ will be low and cannot be used as a measure of LV relaxation. 
† Mitral regurgitation, which may also be dynamic depending on LV geometry, myocardial ischaemia, and loading conditions, can accompany 
HFpEF, HFrEF, mitral stenosis, and aortic stenosis, and aggravate haemodynamics at rest and/or during exercise. 
 
 

Differential diagnosis of pulmonary hypertension 
associated with left-sided heart disease 

After the haemodynamic constellation of PH-LHD has been 
established, the underlying mechanism has to be deter-
mined based on noninvasive and invasive haemodynamic 
assessments and additional imaging findings: the point of 
the haemodynamic obstruction or problem in the circula-
tion between pulmonary artery and aorta has to be identi-
fied (fig. 3). As shown in figure 3 and table 4, assessment of 

mean PAP, mean PAWP and LVEDP, and combination of 
these data with imaging findings (left atrial size, mitral valve 
disease, left ventricular diastolic and systolic function, aortic 
valve disease) will usually allow the mechanism underlying 
PH-LHD to be defined, which is absolutely crucial as a basis 
for management. Whereas the current guidelines describe 
three principle subgroups of PH-LHD (class 2.1 left ventricu-
lar systolic dysfunction; class 2.2 left ventricular diastolic 
dysfunction; class 2.3 valve disease), we herein discuss the 
different entities leading to PH-LHD in an “anatomico-
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haemodynamic” fashion. In figure 3 and table 4, seven levels 
of obstruction are shown (A–G), two of which belong to the 
pulmonary arterial hypertension spectrum, and five of 
which belong to the PH-LHD spectrum. An obstruction at 
each of these levels has a characteristic haemodynamic 
constellation, which in combination with history and imag-
ing findings at least in theory allows an unequivocal diagno-
sis. 
Pulmonary arterial hypertension (groups 1, 3, 4, and at least 
in part group 5 in table 1; level A in figure 3) is characterised 
by an obstruction at the level of the pulmonary arteries and 
arterioles (table 4). Pulmonary arterial hypertension is men-
tioned here only for didactic purposes. Diagnostic pathways 
and management strategies are described in detail in cur-
rent guidelines [1]. 
Pulmonary veno-occlusive disease (PVOD; level B in Figure 3) 
is actually not an left-sided heart disease but is still due to a 
postcapillary problem in that the obstruction is at the level 
of the pulmonary venules. The constellation of high mean 
PAP and high mean PAWP (but not LVEDP, table 4) mimics 
left-sided heart disease. Nonetheless, PVOD has been catego-
rised as group 1 (group 1 ʹ, table 1). PVOD is a very rare dis-
ease, which is diagnosed on the basis of haemodynamic and 
typical high-resolution computed tomography findings. A 
correct diagnosis is important, since pulmonary vasodilator 
therapy may precipitate pulmonary oedema [1]. Pulmonary 
tumour thrombotic microangiopathy is another very rare 
disease characterised by obstruction of the terminal pulmo-
nary vascular bed (currently categorised as group 5: “pul-
monary hypertension with unclear and/or multifactorial 
mechanism”). Haemodynamic measurements reveal a high 
PAP and a low LVEDP. The PAWP is typically intermediate, 
since obstruction of the small pulmonary vessels prevents 
backward transmission of left atrial pressure, and PAWP 
represents a backward reflection of PAP. The disease is most 
often fatal, and diagnosis is obtained post-mortem [41]. 
Pulmonary vein stenosis (level C in fig. 3) is typically an ac-
quired disease occurring after catheter ablation of atrial 
fibrillation and resulting from previously used techniques 
of pulmonary vein isolation. The diagnosis is based on 
echocardiography, computed tomography and invasive 
haemodynamic measurements. 
Left atrial disease (level D in fig. 3): The left atrium makes an 
important contribution to optimal left ventricular filling 
and thus stroke volume. Chronic left atrial overload in the 
context of left ventricle and mitral valve disease results in 
decreased left atrial compliance and contractility. The sever-
ity of left atrial dysfunction determines how increased left 
ventricular pressures are transmitted to the pulmonary 
circulation. An extreme form of left atrial disease not direct-
ly resulting from left ventricular disease and also occurring 
in presence of low LVEDP is the “stiff left atrium” after ex-
tensive catheter ablation in the left atrium leads to fibrosis 
of large parts of the left atrium [42]. This disease is character-
ised by a discrepancy between PAWP / left atrial pressure 
and LVEDP. The diagnosis is based on history, echocardiog-
raphy with exclusion of significant mitral regurgitation, 
invasive haemodynamic measurements and exclusion of 
pulmonary valve stenosis by computed tomography. 
Mitral valve disease (level E in fig. 3): Mitral stenosis is the 
classical disease leading to postcapillary pulmonary hyper-
tension, which if longstanding is often accompanied by a 
precapillary component. The haemodynamic hallmark of 
the disease and prerequisite for the diagnosis, made by use 
of echocardiography and/or simultaneous right and left 
heart catheterisation, is a significant diastolic pressure 
gradient from the left atrium to the left ventricle (table 4). In 

the Western world, mitral regurgitation is now much more 
common than mitral stenosis and can also lead to pulmo-
nary hypertension as a result of left ventricular dysfunction 
following volume overload and systolic backflow into the 
left atrium, which, depending on left atrial compliance, will 
lead to increased left atrial pressure and pulmonary hyper-
tension. The haemodynamic characteristics of pulmonary 
hypertension in the context of mitral regurgitation include 
elevated PAP, elevated PAWP with high v waves (= left ven-
tricular contraction in the presence of a leaking mitral valve) 
and high LVEDP. Mitral regurgitation can be due to organic 
mitral valve disease (typically mitral valve prolapse; primary 
mitral regurgitation) or secondary due to distorted left 
ventricular geometry in the context of left ventricular dys-
function. The diagnostic work-up in patients with mitral 
regurgitation includes transthoracic and transoesophageal 
echocardiography to define the mitral valve anatomy and 
the mechanism of regurgitation, as well as examinations to 
investigate the cause of left ventricular dysfunction in cases 
of secondary mitral valve regurgitation (coronary angi-
ography, cardiac magnetic resonance imaging). 
Left ventricular disease (level F in fig. 3): Any form of signifi-
cant left ventricular systolic and/or diastolic dysfunction 
associated with increased LVEDP and left atrial pressure can 
lead to PH-LHD. There are two major form of heart failure 
that differ fundamentally in terms of epidemiology, left 
ventricular structure and function, and response to treat-
ment: HFrEF and HFpEF, the LVEF cut-off separating the two 
entities traditionally being set at 50% [43]. A detailed discus-
sion of the pathophysiology and diagnosis of HFrEF and 
HFpEF is beyond the scope of this review. In brief, the left 
ventricle in HFrEF patients is dilated with eccentric remodel-
ling and impaired systolic and diastolic function. Common 
aetiologies include coronary artery disease and dilated 
cardiomyopathy. In contrast, the left ventricle in HFpEF is 
not dilated, with concentric remodelling and preserved LVEF 
and left ventricular diastolic dysfunction. The haemody-
namic hallmark of HFpEF is the steep end-diastolic pressure 
volume curve of the small left ventricle, i.e., high sensitivity 
of the left ventricular pressure to changes in preload [43]. 
Preserved LVEF is not synonymous with normal systolic left 
ventricular function. Subtle left ventricular systolic dysfunc-
tion (reduced longitudinal strain) is common, which in 
conjunction with the diastolic properties of the left ventricle 
leads to reduced stroke volume and stroke volume reserve. 
Patients with HFpEF are typically older and more likely to be 
female than HFrEF patients, and the most common aetiolo-
gy underlying HFpEF is probably long-standing systemic 
hypertension. Whereas the diagnosis of HFrEF is relatively 
straightforward, the diagnosis of HFpEF can be challenging, 
although a diagnostic algorithm has been proposed [44]. The 
most recent guidelines suggest a third form of heart failure: 
heart failure with mid-range ejection fraction (HFmrEF) [45]. 
The underlying rationale is related to the fact that, on the 
one hand, therapeutic studies in HFrEF have typically in-
cluded patients with significantly impaired LVEF (LVEF 
<40% or even 35%) and, on the other hand, there is evidence 
that “true” HFpEF is characterised by an LVEF of at least 50%. 
Thus, there is a group of patients with HF and an LVEF of 40–
49%, which is now labelled as HFmrEF (HFrEF: LVEF <40%, 
HFpEF: LVEF ≥50%). Most likely these patients should be 
looked at and treated as HFrEF. 
Left ventricular outflow tract (level G in fig. 3): Aortic stenosis 
is the most common valve disease in the ageing population. 
Severe aortic stenosis can lead to left ventricular hypertro-
phy, diastolic left ventricular dysfunction, and finally left 
ventricular systolic dysfunction, which can result in in-
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creased LVEDP, increased left atrial pressure, and pulmonary 
hypertension. The diagnosis of aortic stenosis can usually be 
made with transthoracic echocardiography. Additional 
imaging modalities (transoesophageal echocardiography, 
computed tomography, left heart catheterisation with direct 
simultaneous measurement of left ventricular and aortic 
pressures) may be required in selected cases and to plan 
catheter-based valve implantation. Relatively rare diseases 
with a similar pathophysiology in terms of the level of ob-
struction in the circulation include hypertrophic obstructive 
cardiomyopathy (dynamic left ventricular outflow tract 
obstruction), subaortic stenosis (subaortic membrane) and 
aortic coarctation. Aortic regurgitation is associated with 
left ventricular volume overload, which can lead to left 
ventricular dysfunction, a rise in filling pressures and, even-
tually, pulmonary hypertension. 

Management of pulmonary hypertension 
associated with left-sided heart disease 

General approach 

The principle of therapy in patients with PH-LHD is to treat 
the underlying left-sided heart disease in an optimal man-
ner. Importantly, there is no established role for specific 
pulmonary arterial hypertension therapeutics. Table 5 pro-
vides an overview of the treatment options for patients with 
different forms of PH-LHD. Some aspects are commented on 
in the following section. In particular, data on specific pul-
monary arterial hypertension therapies are discussed (table 
6). 

Mitral valve disease 

A detailed discussion of indications for and methods of 
valve surgery or catheter-based modalities for the treatment 
of valve disease is beyond the scope of this review and can 
be found elsewhere [59]. Some aspects are important with 
regards to pulmonary hypertension, however. In general, 
the presence of pulmonary hypertension in a patient with 
mitral stenosis or regurgitation represents an indication for 
an intervention. In patients with isolated postcapillary 
pulmonary hypertension, PAP typically normalises after 
correction of the mitral valve lesion. In patients with com-
bined postcapillary and precapillary pulmonary hyperten-
sion, different haemodynamic responses to the elimination 
of the mechanical mitral valve problem can occur: ideally, 
the reduction in left atrial pressure is followed by normali-
sation of the precapillary component of pulmonary hyper-
tension. However, in patients with a long-standing, signifi-
cant precapillary component pulmonary hypertension can 
persist after left atrial pressure reduction, as is typically seen 
in patients with rheumatic mitral stenosis. This phenome-
non can even result in the haemodynamic constellation of 
pulmonary arterial hypertension (i.e., a relatively normal 
PAWP but a significantly elevated DPG and PVR after correc-
tion of the mitral valve problem) and patients may remain 
symptomatic. 

Heart failure with reduced ejection fraction 

The most important treatment in patients with PH-LHD due 
to HFrEF is the standard medical treatment for HFrEF, which 
has been described in detail elsewhere [45]. The corner-
stones of long-term therapy in these patients are summa-
rised in table 5. The presence of pulmonary hypertension in 
HFrEF patients typically indicates venous congestion and 
this implies the need for intensified treatment, initially with 
diuretics, followed by optimisation of the measures with 
established prognostic benefit (table 5). Options in HFrEF 
patients with a significant precapillary pulmonary hyper-
tension component include aggressive decongestion by 
diuretics and afterload reduction and/or the implantation of 
a left ventricular assist device. The latter has been shown to 
reduce both the postcapillary and the precapillary compo-
nent of pulmonary hypertension in transplant candidates 
[12, 13]. There is currently no established role of specific 
pulmonary arterial hypertension therapies in patients with 
HFrEF. A number of studies using endothelin receptor an-
tagonists and phosphodiesterase-5 inhibitors (PDE-5 inhibi-
tors) have been performed in HFrEF patients [46–54] (table 
6).  
 
 
Table 5: Treatment of different entities of pulmonary hypertension 
associated with left-sided heart disease. 

Entity Treatment 

Pulmonary vein stenosis Stenting 

Stiff left atrium Diuretics 
Rate/rhythm control of atrial fibrillaton 

Mitral stenosis Valvuloplasty 
Valve replacement 

Mitral regurgitation, 
primary 
Mitral regurgitation, 
secondary 

Surgical mitral valve repair 
Mitral valve replacement 
Catheter-based mitral valve repair 
Medical and device HFrEF therapy (cf. 
below) 
Surgical mitral valve repair 
Surgical mitral valve replacement 
Catheter-based mitral valve repair 

Heart failure with reduced 
ejection fraction 

Diuretics 
ACE inhibitors / angiotensin receptor 
blockers 
Angiotensin receptor neprilysin inhibitors 
Beta-blockers 
Mineralocorticoid receptor antagonists 
Ivabradine 
Cardiac resynchronisation 
Exercise training 
Cardiac transplantation 
Assist device 
Myocardial revascularisation 

Heart failure with pre-
served ejection fraction 

Diuretics 
Blood pressure control 
Rate/rhythm control in atrial fibrillation 
Spironolactone 

Aortic stenosis Surgical aortic valve replacement 
Catheter-based aortic valve implantation 

Hypertrophic obstructive 
cardiomyopathy 

Beta-blockers 
Calcium channel blockers 
Alcohol septal ablation 
Surgical myectomy 

Aortic regurgitation Valve replacement 

ACE = angiotensin converting enzyme; HFrEF = heart failure with 
reduced ejection fraction 
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Table 6: Studies on pulmonary vasodilators in pulmonary hypertension associated with left heart disease and left heart diseases. 
 Population Intervention Primary finding 

Heart failure with reduced ejection fraction 

FIRST [46] 

 
LVEF <35%, NYHA III/IV (n = 
370) 

Epoprostenol (median dose 4.0 
ng/kg/min) 

Cardiac index↑ 
mean PAWP↓ 
Early termination; trend towards 
increased mortality in verum group 

REACH-1 [47] LVEF <35%, NYHA III/IV (n = 
370) 

Bosentan 2×500 mg vs placebo for 
26 weeks 

Early termination due to safety 
concerns (early worsening heart 
failure) 

ENABLE (unpublished, summa-
rised in [48]) 

LVEF <35%, NYHA III/IV (n = 
1613) 

Bosentan 2×125 mg vs placebo No effect on mortality or heart failure 
hospitalisation 

HEAT [49] LVEF ≤35%, NYHA III, mean 
PAWP >12 mm Hg, cardiac index 
<2.6 l/min/m2 (n = 157) 

Darusentan vs placebo for 
3 weeks 

Cardiac index↑ 
No effect on mean PAWP 

EARTH [50] LVEF <35%, NYHA II–IV (n = 
642) 

Darusentan vs placebo for 
24 weeks 

No effect on change in left ventricu-
lar end-systolic volume 
No effect on symptoms 

Guazzi et al. [51] LVEF <40%, NYHA II/III (n = 46) Sildenafil 3×50 mg versus placebo 
for 6 months 

Systolic PAP↓ 
Peak VO2↑ 

Lewis et al. [52] LVEF <40%, NYHA II–IV, mean 
PAP >25 mm Hg (n = 34) 

Sildenafil 3×5–75 mg vs placebo 
for 12 weeks 

Peak VO2↑ 
Cardiac output ↑and PVR↓ during 
exercise 

LEPHT [53] LVEF ≤40% and mean PAP ≥25 
mm Hg (n = 201); Mean PAP ≈ 
38 mm Hg, mean PAWP ≈ 
24 mm Hg 

Riociguat 3×0.5, 1.0 or 2.0 mg vs 
placebo 
over 16 weeks 

No effect on mean PAP 
Cardiac index and stroke volume↑ 
PVR and SVR↓ 

PITCH-HF LVEF <40% and mean PAP 
≥25 mm Hg 

Tadalafil 1×20 mg for 1 week, then 
1×40 mg vs placebo 

Clinical endpoints, but study termi-
nated early 

SIL-HF [54] LVEF ≤40% and systolic PAP 
≥40 mm Hg (echo) 

Sildenafil 3×40 mg vs placebo Symptoms and 6-min walking dis-
tance, study ongoing 

Heart failure with preserved ejection fraction 

Guazzi et al. [55] LVEF ≥50%, systolic PAP 
>40 mm Hg 
(n = 44); mean PAP ≈ 37 mm Hg, 
mean PAWP ≈ 22 mm Hg 

Sildenafil 3×50 mg vs placebo for 
6 months 

Mean PAP↓, mean PAWP↓ 
Cardiac index↑ 
Right ventricular function↑ 

 
RELAX [56] LVEF ≥50% + elevated NT-

proBNP or noninvasive evidence 
of elevated filling pressures (n = 
216) 

Sildenafil 3×20 mg for 12 weeks, 
then 3×60 mg for 12 weeks vs 
placebo 

No effect on peak VO2 
No effect on 6-min walking distance 

Hoendermis et al. [57] LVEF ≥45%, mean PAP 
>25 mm Hg, mean PAWP 
>15 mm Hg 

Sildenafil 3×60 mg vs placebo for 
12 weeks 

No effect on mean PAP 
No effect on mean PAWP, cardiac 
output and peak VO2 

DILATE [58] LVEF>50%, mean PAP 
≥25 mm Hg, mean PAWP 
>15 mm Hg (n = 39); mean PAP 
≈ 35 mm Hg, mean PAWP ≈ 
20 mm Hg 

Single dose of riociguat 0.5, 1.0, or 
2.0 mg vs placebo 

No effect on mean PAP after 6 hours 
Stroke volume↑ 
Systolic blood pressure↓ 
Right ventricular end-diastolic area 

Heart failure with reduced or preserved ejection fraction 

MELODY-1 Combined precapillary and 
postcapillary PH due to LV 
dysfunction despite optimised 
diuretic therapy 

Macitentan 10 mg for 12 weeks Study completed but no results 
available yet 
Primary endpoint: fluid retention or 
worsening NYHA class 
Secondary endpoint: change in PVR 

LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal-pro-B-type natriuretic peptide; NYHA = New York Heart Association class; PAP = 
pulmonary artery pressure; PAWP = pulmonary artery wedge pressure; peak VO2 = peak oxygen consumption; PVR = pulmonary vascular re-
sistance; SVR = systemic vascular resistance.  
Acronyms/study names: DILATE: Acute hemodynamic effects of riociguat in patients with pulmonary hypertension associated with diastolic heart 
failure; EARTH: Endothelin A Receptor antagonist Trial in Heart failure; ENABLE: ENdothelin Antagonist Bosentan for Lowering cardiac Events in 
heart failure; FIRST: Flolan International Randomized Survival Trial; HEAT: Heart failure ET(A) receptor blockade Trial; LEPHT: LEft ventricular 
systolic dysfunction associated with Pulmonary Hypertension riociguat Trial; MELODY-1: safety and tolerability of macitentan in subjects with 
combined pre- and post-capillary pulmonary hypertension due to left ventricular dysfunction; PITCH-HF: Phosphodiesterase type 5 Inhibition with 
Tadalafil CHanges outcomes in Heart Failure; REACH-1: Clinical trial with the endothelin antagonist bosentan; RELAX: Phosphodiesterase-5 
inhibition to improve clinical status and exercise capacity in heart failure with preserved ejection fraction; SIL-HF: SILdenafil in Heart Failure. 

http://www.smw.ch/
http://emh.ch/en/services/permissions.html


Review article: Biomedical intelligence  Swiss Med Wkly. 2017;147:w14395 

 

Swiss Medical Weekly · PDF of the online version · www.smw.ch   Page 10 of 13 

Published under the copyright license "Attribution - Non-Commercial - No Derivatives 4.0".  
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html. 

Although the presence of pulmonary hypertension was not 
an inclusion criterion in these studies, these were typically 
patients with advanced HFrEF and presumably with elevated 
filling pressures, and thus the findings are potentially rele-
vant to the management of PH-LHD in the context of HFrEF. 
Studies using endothelin receptor antagonists have, overall, 
revealed neutral results (table 6). One study reported an 
increase in cardiac index following short-term therapy (3 
weeks) with darusentan [49]. A larger study using da-
rusentan and a longer treatment period (24 weeks) showed 
no effect on left ventricular remodelling, and a study com-
paring bosentan and placebo found not effect on hard clini-
cal endpoints [50]. Small, single-centre studies showed 
interesting effects of the PDE-5 inhibitor sildenafil on hae-
modynamics and exercise capacity in patients with PH-LHD 
in the context of HFrEF [51, 52]. Data on the effect of PDE-5 
inhibitors on clinical endpoints in HFrEF and in PH-LHD in 
the context of HFrEF are not available, however. In a multi-
centre study, riociguat (a soluble guanylate cyclase stimula-
tor) had no effect on mean PAP in HFrEF patients with sig-
nificant PH-LHD (mean PAP approximately 38 mm Hg). 
There was, however, a decrease in PVR and an increase in 
stroke volume and cardiac output [53]. Additional trials on 
pulmonary vasodilators are underway, although at least one 
trial was stopped early (table 6). 

Heart failure with preserved ejection fraction 

There is still no treatment for patients with HFpEF with an 
established benefit in terms of survival [60]. In particular, 
large clinical trials have yielded neutral results with respect 
to mortality for inhibitors of the renin-angiotensin system 
and the mineralocorticoid receptor antagonist spironolac-
tone. At least spironolactone has been shown to reduce the 
risk of rehospitalisation for heart failure. The management 
of PH-LHD in the context of HFpEF is not well defined either 
(table 5). The primary approach includes a combination of 
diuretic therapy and afterload reduction. It should be kept in 
mind, however, that a steep end-diastolic pressure–volume 
relationship is a pathophysiological hallmark in HFpEF 
patients, and that this makes them susceptible to significant 
changes in stroke volume and blood pressure following too 
aggressive preload reduction. Data on specific pulmonary 
arterial hypertension-specific therapies in HFpEF in general 
and HFpEF+PH-LHD are conflicting [55–58] (table 6). A place-
bo-controlled combined noninvasive and invasive study in 
patients with PH-LHD in the context of HFpEF revealed a 
significant reduction in mPAP and an improvement in right 
ventricular function with sildenafil treatment [55]. On the 
other hand, a trial evaluating the use of sildenafil in patients 
with HFpEF (not necessarily with pulmonary hypertension) 
failed to show an improvement in exercise capacity com-
pared with placebo [56]. In a carefully performed haemody-
namic study specifically in patients with HFpEF und PH-LHD 
(mPAP >25 mm Hg, mPAWP >15 mm Hg) sildenafil had no 
effect on mPAP compared with placebo [57]. Thus, the data 
currently do not support a role of sildenafil in the treatment 
of HFpEF patients with or without pulmonary hypertension. 
In a study investigating the acute haemodynamic effects of 
riociguat in HFpEF, no change in mean PAP was observed 
although there was an increase in stroke volume [58]. An 
interesting novel approach is the catheter-based creation of 
an intracardiac shunt (“neo-atrial septal defect”) to allow 
controlled decompression of the left atrium. An uncon-
trolled study in HFpEF patients with elevated PAWP at rest 

or during exercise (haemodynamics at baseline at rest: 
mean PAP 25 mm Hg, mean PAWP 17 mm Hg) has revealed 
promising results with regards to haemodynamics and 
exercise capacity [61], but data from a randomised study are 
not available yet. 

Left ventricular outflow tract 

Aortic valve replacement or catheter-based aortic valve 
implantation is the method of choice for the treatment of 
symptomatic aortic stenosis. Mild postcapillary pulmonary 
hypertension is common in patients with symptomatic 
aortic stenosis and usually resolves after valve replacement. 
In those with significant reactive postcapillary pulmonary 
hypertension the same considerations apply as for mitral 
valve disease. 

Conclusions 

PH-LHD is the most common type of pulmonary hyperten-
sion, which in a patient with left-sided heart disease is typi-
cally a marker of more advanced disease, worse exercise 
tolerance and worse prognosis. In contrast to pulmonary 
arterial hypertension, PH-LHD is characterised by an elevat-
ed PAWP (postcapillary pulmonary hypertension), without 
or with an additional precapillary component (isolated 
postcapillary or combined postcapillary and precapillary 
pulmonary hypertension). The work-up should reveal the 
pulmonary hypertension severity, the haemodynamic 
constellation, and the exact mechanisms of left-sided heart 
disease that led to PH-LHD. The general principle for the 
management of PH-LHD is to treat the underlying left-sided 
heart disease in an optimal manner using drugs and/or 
interventional or surgical therapy. The use of pulmonary 
arterial hypertension-specific therapies is contraindicated in 
patients with PH-LHD according to current guidelines [1]. 
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