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List of abbreviations

COPD  chronic obstructive pulmonary disease

CPFE   combined pulmonary fibrosis with 
 emphysema

DPD  diastolic pressure difference

HFpEF heart failure with preserved ejection fraction

HFrEF heart failure with reduced ejection fraction

IPF idiopathic pulmonary fibrosis

PAH pulmonary arterial hypertension

PAP  pulmonary artery pressure

PAWP pulmonary artery wedge pressure

PDE-5 inhibitor phosphodiesterase-5 inhibitor

PH  pulmonary hypertension

PH-lung   pulmonary hypertension associated with 
lung disease

PH-LHD   pulmonary hypertension associated with left 
heart disease

PVR pulmonary vascular resistance

TPG  transpulmonary gradient

TRV  tricuspid regurgitation velocity

Summary

Pulmonary hypertension (PH) associated with left 
heart diseases (PH-LHD) and PH associated with lung 
diseases (PH-lung) are common types of PH which typ-
ically represent more advanced disease stages of left 
heart and lung disease, characterised by more severe 
symptoms and worse prognosis. The tailored work-up 
should include an assessment of the severity and 
haemodynamic constellation of PH and the mechanism 
of the underlying left heart or lung disease and the re-
spective therapeutic targets. Transthoracic echocardi-
ography is the primary noninvasive imaging tool to 
 estimate the likelihood of PH. However, the accuracy of 
echocardiography is limited in patients with only mod-
erately elevated pulmonary pressures, and acoustic 
windows in patients with lung disease are often poor. 
Therefore, right heart catheterisation is always 
 required if exact knowledge of the haemodynamic con-
stellation is required. Echocardiography, cardiac cath-
eterisation, blood gas analysis, lung function testing 
and ergospirometry as well as additional modalities 
such as high-resolution computed tomography, over-
night sleep studies and cardiac magnetic resonance im-
aging may be required to characterise the underlying 
left heart or lung disease and the targets for therapy. 
The general treatment principle for the management of 
PH-LHD and PH-lung is to treat the underlying left 
heart or lung disease in an optimal manner. Specific 
vasodilator therapies currently do not play a promi-
nent role in PH-LHD and PH-lung but additional trials 
are underway and may define subgroups deriving ben-
efit.

Key words: pulmonary hypertension; left heart dis-
ease; lung disease; echocardiography; right heart cath-
eterisation; lung function

Introduction

Pulmonary hypertension (PH) as-
sociated with left heart diseases 
(PH-LHD; class II PH [1]) and PH 
associated with lung diseases (PH-
lung; class III PH [1]) are the most 
common types of PH [2, 3]. Many 
forms of left heart or lung diseases 

can be associated with PH (table 1), and PH is typically 
a marker of more advanced disease, worse exercise 
 tolerance and worse prognosis [2]. The prevalence of 
PH-LHD and of PH-lung varies depending on the type 
of disease and its severity. For PH-LHD, a prevalence 
ranging between 25% and 100% of the patients studied 
has been reported [2]. The prototype of PH-LHD is 
rheumatic mitral stenosis. While this type of valvular 
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exchange measurements [4]. In idiopathic pulmonary 
fibrosis (IPF), mean PAP values >25 mm Hg were re-
ported in 8 to 15% at initial work-up, but in advanced 
and end-stage disease, the prevalence increases to 
>60% [3]. However, very high mean PAP values (>40 
mm Hg) are found in less than 10% [5]. In IPF, the 
 correlation between PH severity and lung function 
 impairment or computed tomography fibrosis scores is 
very poor. High prevalence of cigarette smoking in  
patients with IPF may contribute to the coexistence of 
obstructive ventilatory disorder and emphysema with 
IPF, an entity referred to as combined pulmonary fibro-
sis with emphysema (CPFE), a disease with character-
istic findings in high-resolution computed tomography 
showing emphysema associated with interstitial lung 
disease. In lung function testing, lung volumes are 
 usually preserved (due to the hyperinflation) although 
 significant lung parenchymal damage is present. In 
CPFE, PH is common and is associated with a particu-
larly poor prognosis [6].

Pathophysiology

PH-LHD
The primary mechanism of PH-LHD is a backward 
transmission of elevated left-sided filling pressures. 
The latter occurs because of systolic and/or diastolic 
left ventricular dysfunction, mitral regurgitation, de-
creased left atrial compliance, and increased after-load. 
In the majority of patients with PH-LHD, PH is a 
purely passive phenomenon due to venous congestion. 
In some patients however, there is an additional active 
component due to pulmonary vasoconstriction and 
 vascular remodelling. The underlying mechanisms are 
thought to include decreased nitric oxide availability, 
increased endothelin expression, and desensitisation 
to natriuretic peptide-mediated vasodilatation. In 
these patients, the pulmonary pressure increases fur-
ther and more than expected from the left ventricular 
filling pressure (however, the term “out of proportion” 
is now discouraged) [2]. Finally, there are patients with 
PH-LHD who had both a passive and an active compo-
nent of PH, in whom the passive component is treated 
successfully by valve replacement or medical therapy 
but the active component persists even after normali-
sation of filling pressures. These pathophysiological 
principles also apply for rare forms of congenital left 
heart inflow/outflow tract obstructions and cardiomyo-
pathies (class 2.4. PH). In contrast, PH in the context of 
congenital heart disease, typically shunts of variable 
complexity, belong to the PAH category (class 1.4.) and 
are not addressed in the present review. The patho-
physiology of PH in patients with PAH associated with 
congenital heart disease is typically very complex and 
requires a case-by-case assessment.

heart disease has become rare in the Western world, 
mitral regurgitation and aortic stenosis are now impor-
tant causes of PH-LHD. Furthermore, heart failure 
with reduced left ventricular ejection fraction (HFrEF) 
and heart failure with preserved left ventricular ejec-
tion fraction (HFpEF) can be associated with PH. In 
addition, specific cardiomyopathies including hyper-
trophic cardiomyopathy or restrictive forms of cardio-
myopathy can be accompanied by PH-LHD. The preva-
lence of PH in chronic obstructive pulmonary disease 
(COPD) depends on the severity of the lung disease and 
on the definition of PH. While 90% of the patients with 
COPD Global initiative for chronic Obstructive Lung 
Disease (GOLD) stage 4 have a mean pulmonary 
 artery pressure (PAP) >20 mm Hg, only 3 to 5% have a 
mean PAP >35 mm Hg [3]. The presence of PH is a 
strong predictor of mortality in COPD, and a 5-year 
survival of less than 40% has been reported for  patients 
with COPD and mean PAP >25 mm Hg. The severity of 
PH predicts mortality in COPD patients much more ac-
curately than lung function measurements such as the 
forced expiratory volume within the first second or gas 

Table 1
Place of pulmonary hypertension due to left heart (class 2) and lung 
(class 3) diseases in the Nice 2013 pulmonary hypertension classifica-
tion [1] (simplified version).

1. Pulmonary arterial hypertension (PAH)

1.1. Idiopathic PAH

1.2. Heritable PAH

1.3. Drug- and toxin-induced

  
 

1.4.  Associated with connective tissue diseases, HIV infection, 
portal hypertension, congenital heart diseases, or 
schistosomiasis

2.  Pulmonary hypertension owing to left heart disease 
(PH-LHD)

2.1. Left ventricular systolic dysfunction

2.2. Left ventricular diastolic dysfunction

2.3. Valvular disease

 
 

2.4.  Congenital/acquired left heart inflow/outflow tract 
obstruction and congenital cardiomyopathies

3.  Pulmonary hypertension owing to lung diseases and/or 
hypoxia (PH-lung)

3.1. Chronic obstructive pulmonary disease

3.2. Interstitial lung diseases

3.3.  Other lung diseases with mixed restrictive and 
 obstructive pattern

3.4. Sleep-disordered breathing

3.5. Alveolar hypoventilation disorders

3.6. Chronic exposure to high altitude

 3.7. Developmental abnormalities

4. Chronic thromboembolic pulmonary hypertension

5.  Pulmonary hypertension with unclear/multi-factorial 
mechanism
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PH-lung
For PH-lung, the mechanism is multifactorial and may 
vary between the different lung diseases. Pathophysio-
logical mechanisms include hypoxia with pulmonary 
vasoconstriction (Euler-Liljestrand effect), rarefaction 
of the pulmonary vascular bed in areas of damaged 
lung with consecutive vascular remodelling in other ar-
eas, ventilation-perfusion mismatch, and hypoventila-
tion with hypoxia and carbon dioxide retention. These 
factors lead to precapillary vasoconstriction via nitric 
oxide imbalance, release of vasoconstrictors and meta-
bolic alterations [7]. 

Assessment and definitions of PH-LHD 

As shown in table 2, PH-LHD is defined as a combina-
tion of a mPAP ≥25 mm Hg and a mean pulmonary ar-
tery wedge pressure (PAWP; the term “pulmonary cap-
illary wedge pressure” is discouraged) >15 mm Hg [2]. 
Thus, in patients with purely pulmonary venous hyper-
tension, the transpulmonary gradient (TPG, i.e., the 
difference between mean PAP and mean PAWP) is low 
(typically less than 10–12 mm Hg). The best way to 
 define PH-LHD with an additional precapillary compo-
nent (cf. discussion on pathobiology above) has been a 

matter of debate. In previous guidelines, purely passive 
PH-LHD was defined as mean PAP ≥25 mm Hg, mean 
PAWP >15 mm Hg, AND a TPG ≤12 mm Hg, whereas 
“reactive” or “out of proportion” PH-LHD was defined 
as mean PAP ≥25 mm Hg, mean PAWP >15 mm Hg, 
AND a TPG >12 mm Hg [8]. More recently (Nice, 2013), 
an alternative definition relying on the diastolic pres-
sure difference (DPD, i.e., the difference between dias-
tolic PAP and mean PAWP) rather than TPG has been 
proposed (table 2) [2]: It has been suggested that 
 “isolated postcapillary PH” is defined as a mean PAP 
≥25 mm Hg, mean PAWP >15 mm Hg, and a DPD 
<7 mm Hg, whereas “combined postcapillary and pre-
capillary PH” is defined as mean PAP ≥25 mm Hg, 
mean PAWP >15 mm Hg, and a DPD ≥7 mm Hg [2]. 
However, this definition has not been broadly applied 
yet, and information on clinical characteristics of  
patients belonging to these entities is lacking.

After a clinical assessment, transthoracic echocar-
diography is the primary imaging tool to assess the 
probability of the presence of PH-LHD and to define 
the underlying mechanisms of LHD and therapeutic 
targets. Many studies have shown very good correla-
tions between invasively assessed systolic PAP and 
noninvasively estimated systolic PAP as based on the 
peak tricuspid regurgitation velocity (TRV; systolic 
PAP = 4×[peak TRV]2 according to the simplified Ber-
noulli equation) [9]. Thus, although these studies have 
typically not been performed in patients with PH-LHD 
[9], the likelihood of PH in the setting of suspected PH-
LHD is estimated based on peak TRV (peak TRV 2.9–
3.4 m/s: PH possible; peak TRV >3.4 m/s: PH likely) and 
indirect evidence of PH including enlargement of the 
right cardiac chambers, deformation of the inter-
ventricular septum (“D-shape” of the left ventricle), 
and shortening of the pulmonary acceleration time [8]. 
Thus, TRV should never be looked at isolated from 
other echocardiographic findings. In particular, right 
ventricular function must always be assessed to put es-
timated systolic PAP into perspective. Apart from clas-
sical measures of right ventricular function including 
right ventricular fractional area change, tricuspid an-
nular plane systolic excursion (as assessed by M-mode 
echocardiography), and right ventricular peak systolic 
annular velocity (as assessed by pulsed-wave tissue 
Doppler), novel measures indicating subtle right ven-
tricular dysfunction such as right ventricular free wall 
strain may provide important information [10]. 

Features of PH are typically less prominent in PH-
LHD than in pulmonary arterial hypertension (PAH, 
i.e., class 1 PH) because in PH-LHD, both left-sided and 
right-sided filling pressures are elevated. Echocardiog-
raphy can provide important information on whether 
PAH or PH-LHD is present. An elevated systolic PAP 
as estimated from the peak TRV in conjunction with a 
dilated left ventricle with impaired left ventricular 
ejection fraction, evidence of a cardiomyopathy (e.g., 

Table 2
Haemodynamic definitions of pulmonary hypertension (PH) associated 
with left heart disease (PH-LHD) and PH associated with lung disease 
(PH-lung).

PH-LHD: general definition

Mean PAP ≥25 mm Hg

Mean PAWP >15 mm Hg

Cardiac output Normal or reduced

Subtypes of PH-LHD according to the presence or absence 
of a precapillary component*

Isolated postcapillary PH

– Mean PAWP >15 mm Hg

– DPD <7 mm Hg

Combined postcapillary and precapillary PH

– Mean PAWP >15 mm Hg

– DPD ≥7 mm Hg

PH-lung: definitions* (measurements at rest, supplemental 
oxygen if needed)

COPD/IPF/CPFE without PH: mPAP <25 mm Hg

PH-COPD/PH-IPF/PH-CPFE: mPAP ≥25 mm Hg

Severe PH-COPD / severe PH-IPF / severe 
PH-CPFE: mPAP 

≥35 mm Hg 

* Proposal Nice 2013 [2, 3]

PAP = pulmonary artery pressure; PAWP = pulmonary artery 
wedge pressure; DPD = diastolic pressure difference, i.e., diastolic 
pulmonary artery pressure – mean PAWP; COPD = chronic 
obstructive pulmonary disease; IPF = idiopathic pulmonary 
fibrosis; CPFE = combined pulmonary fibrosis with emphysema.
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hypertrophic cardiomyopathy or amyloid heart dis-
ease), or severe valve disease (e.g., severe mitral regur-
gitation or severe aortic stenosis) is highly suggestive 
of PH-LHD. However, if left ventricular ejection frac-
tion is not significantly impaired, and there is no se-
vere valve disease, the differentiation between PAH 
and PH-LHD (i.e., HFpEF) is challenging. Patients 
with PH-LHD in the context of HFpEF are typically 
older and have more cardiovascular risk factors, in par-
ticular hypertension and diabetes, than those with 
PAH [11]. In table 3, echocardiographic features fa-
vouring PAH or PH-LHD are summarised [11, 12]. Al-
though algorithms have been developed to differentiate 
between PAH and PH-LHD [12], and the noninvasive 
estimation of pulmonary vascular resistance (PVR) has 
been shown to be feasible [13], an accurate noninvasive 
assessment of haemodynamics is not possible in this 
setting [14]. Thus, right heart catheterisation will al-
ways be required if there is evidence of significant PH 
to confirm PH and to assess the underlying haemody-
namic constellation (cf. definitions). 

The role of stress echocardiography in the diagnos-
tic assessment of patients with possible PH-LHD and 
PH-lung is not well defined. Stress echocardiography is 
generally not recommended for screening of PH in the 
current European guidelines [8], although one interest-
ing study has suggested a potential role of stress echo-
cardiography for the identification of early disease in 
relatives of patients with PAH [15]. However, stress 
echocardiography using physical exercise may have a 
role in certain patients with valve disease and border-
line PAP at rest in whom a rapid rise in systolic PAP 
during exercise may suggest that the valve disease is 
clinically significant and that an intervention is re-
quired.

Given the well-known inaccuracies in measure-
ments of PAWP and the inability to obtain a proper 
PAWP in some patients, the threshold to perform si-
multaneous right and left heart catheterisation should 
be low in subjects with a high likelihood of LHD [16]. 
Routine left heart catheterisation is not recommended 
in all patients with suspected PH but in doubt, both 
PAWP and left ventricular end-diastolic pressure 
should be measured as this will allow a reliable classi-
fication of PAH or PH-LHD [16]. A particular challenge 
can be present in patients with suspected PH-LHD in 
the context of HFpEF. Although the echocardiogram 
may have suggested significant PH, pulmonary pres-
sures and PAWP may not fulfil criteria for PH-LHD 
during the invasive assessment at rest. This may be 
due to the fact that the patient has been successfully 
treated with diuretics and/or after-load reduction, or 
that haemodynamics had been influenced by fasting 
before cardiac catheterisation. In patients with HFpEF 
who typically have concentric left ventricular remodel-
ling with a small left ventricular cavity and a steep 
end-diastolic pressure-volume relationship, relatively 
small changes in left ventricular volume may lead to 
significant changes in filling pressures [17]. Thus, a 
fluid challenge (500 ml of saline over 5 minutes) may 
be needed to diagnose PH-LHD in the context of HF-
pEF [16, 18]. There is also evidence that exercise right 
heart catheterisation may help to gain a better defini-
tion of the haemodynamic profile of patients with HF-
pEF. However, both administration of a fluid bolus and 
exercise right heart catheterisation have not been 
standardised and are thus not recommended for rou-
tine use yet [16]. Additional imaging modalities includ-
ing transoesophageal echocardiography, cardiac mag-
netic resonances imaging, and coronary angiography 
may be required to exactly characterise underlying left 
heart disease and thereby to define the therapeutic tar-
gets.

Assessment and definitions of PH-lung

Clinical symptoms and signs of PH are often similar to 
those of the underlying lung disease. In COPD and dif-
fuse parenchymal lung disease with suspected PH, 
transthoracic echocardiography is the initial noninva-
sive diagnostic test of choice. To estimate the likelihood 
of PH the same general principles apply as discussed 
above in the PH-LHD section. However, the accuracy of 
echocardiography to estimate pulmonary pressures in 
patients with lung disease is limited as the acoustic 
window in these patients is often sub-optimal. Nega-
tive predictive values of 67 to 93% for the exclusion of 
significant PH by echocardiography were reported in 
this setting [19, 20]. Furthermore, B-type natriuretic 
peptide values are elevated in severe PH-lung, but they 
lack sensitivity for moderate disease. Walking tests 
and ergospirometry are important tests for the assess-

Table 3
Echocardiographic and Doppler features favouring pulmonary arterial 
hypertension (PAH) or post-capillary pulmonary hypertension (PH).

 
 

PAH Post-capillary 
PH

Peak TRV ↑↑ ↑

LV size ↓ ↑

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

↑↑ ↑ 

Left atrial size ↓ ↑

Mitral regurgitation No/little Little to severe

E/e’ ↓ ↑

Pulmonary flow acceleration time ↓ ↑

Peak TRV / VTI RVOT ↑ ↓
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.
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Table 4
Differential diagnosis between pulmonary arterial hypertension (PAH; group 1) and pulmonary hypertension associated with lung diseases (PH-lung; 
group 3) according to the Nice 2013 proposal [3].

Parameter Favouring PAH (class 1) Favouring PH-lung (class 3)

Lung function testing

 

FEV1 >60% predicted (COPD)

FVC >70% predicted (IPF)

FEV1 <60% predicted (COPD)

FVC <70% predicted (IPF)

High-resolution CT No or modest parenchymal and airway  
abnormalities

Characteristic airway and/or parenchymal  
abnormalities

Exercise testing  
(ergospirometry)

 
 
 

Features of circulatory limitation

Preserved breathing reserve

Reduced oxygen pulse

Low CO/VO2 slope

No change / decrease in PaCO2 

Features of ventilatory limitation

Reduced breathing reserve

Normal oxygen pulse

Normal CO/VO2 slope

Increase in PaCO2 with exercise

FEV1 = forced expiratory volume in 1 s; FVC = forced vital capacity; CO = cardiac output; VO2 = oxygen consumption; PaCO2 = partial 
pressure of carbon dioxide in arterial blood.

Table 5
Treatment of different entities of PH-LHD.

Entity Treatment

2.1. Left ventricular systolic dysfunction (Heart Failure with reduced left ventricular Ejection Fraction; HFrEF)

Diuretics

ACE inhibitors / angiotensin receptor blockers 

Beta-blockers

Mineralocorticoid receptor blockers 

Ivabradine

Cardiac resynchronisation

Exercise training

Phosphodiesterase inhibitors?

2.2. Left ventricular diastolic dysfunction (Heart Failure with preserved left ventricular Ejection Fraction; HFpEF)

Diuretics

Blood pressure control

Rate/rhythm control in atrial fibrillation

Beta-blockers?

Ivabradine?

Ranolazine?

Exercise training?

Phosphodiesterase inhibitors?

2.3. Valvular heart disease

Mitral stenosis Valvuloplasty, valve replacement

Mitral regurgitation Valve reconstruction, valve replacement

Aortic stenosis Valve replacement

Aortic regurgitation Valve replacement

2.4. Congenital/acquired left heart inflow/outflow tract obstruction and congenital cardiomyopathies

Congenital subaortic/aortic/supraaortic stenosis Surgery

Hypertrophic obstructive cardiomyopathy Beta-blockers

Calcium channel blockers: verapamil

Alcohol septal ablation

 Surgery

Restrictive cardiomyopathy (e.g., amyloid) Diuretics

Constrictive pericarditis Diuretics

Surgery
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ment of lung patients, to quantify cardiopulmonary 
performance, to determine factors of exercise limita-
tion and to assess exercise-induced hypoxia. Right 
heart catheterisation, the gold standard for PH diagno-
sis, is indicated if lung transplantation is considered, if 
clinical worsening is disproportionate to lung function 
impairment, if progressive gas exchange abnormalities 
are disproportionate to ventilatory impairment, if  
severe PH is suspected noninvasively, or if there is sus-
picion of concurrent left ventricular dysfunction, which 
might alter the management strategy. The term “out of 
proportion” PH for patients with PH-lung is discour-
aged and for COPD, IPF and CPFE, the definitions dis-
played in table 2 are now proposed [3]. The choice of a 
mean PAP cut-off of 35 mm Hg for severe PH is based 
on the fact that only few LD patients with presumably 
severe vascular abnormalities have mPAP values 
above this threshold (approximately 1% for COPD  
patients). This degree of PH causes circulatory limita-
tion and substantially reduces exercise capacity with 
preserved ventilatory reserve despite impairment by 
LD, an exercise limitation characteristic not observed 
in lung patients with moderate PH. Of note, class 1 PH 
patients (i.e., PAH) may also display mild to moderate 
ventilatory impairment in the absence of severe airway 
or parenchymal disease (table 4). Lung diseases, par-
ticularly COPD and asthma, are common diseases and 
PH may not necessarily be the result of the LD, a  
requirement to be classified as PH class 3.

Management of PH-LHD

Treatment in patients with PH-LHD depends on the 
underlying left heart problem. Table 5 provides an 
overview of treatment modalities in different forms of 
PH-LHD. In patients with significant valve disease, 
typically severe mitral regurgitation, severe aortic ste-
nosis, or less commonly severe mitral stenosis or severe 
aortic regurgitation, correction of the mechanical prob-
lem represents the primary approach. A detailed dis-
cussion of indications for and methods of valve surgery 
or catheter-based modalities for the treatment of valve 
disease is beyond the scope of the present review and 
can be found elsewhere [21]. In patients with isolated 
postcapillary PH in the context of valve disease, PAP 
typically normalises after correction of valvular steno-
sis or regurgitation. In patients with combined post-
capillary and precapillary PH, the response of pulmo-
nary pressures can vary: ideally, elimination of venous 
congestion is followed by normalisation of the reactive 
or precapillary component of PH. However, significant 
precapillary PH can persist after the intervention if 
there has been long-standing venous congestion with 
the development of a significant precapillary PH  
component as this is seen in patients with rheumatic 
mitral stenosis. These patients can then have the 
haemodynamic constellation of PAH, which means a 
normal PAWP and a significantly elevated TPG, DPD, 
and PVR even years after valve replacement.

Table 6
Treatment of different entities of PH-lung.

Entity Treatment

3.1.  Chronic obstructive pulmonary disease 
(COPD)

 

Smoking cessation, rehabilitation

Inhalation (beta-agonists, anticholinergics)

Steroids, antibiotics (for exacerbations)

Long-term oxygen

Lung volume reduction

Lung transplantation

3.2. Interstitial lung diseases (ILD)

 

Long-term oxygen 

Immunosuppressive and antifibrotic agents (unproven)

Lung transplantation

3.3. Other lung diseases: 
 Chronic pulmonary fibrosis with emphysema
 (CPFE)

Smoking cessation

Long-term oxygen

Lung transplantation

3.4. Sleep-disordered breathing

 

Continuous positive airway pressure

Lifestyle modification: weight reduction etc.

Mandibular advancement devices

3.5. Alveolar hypoventilation disorders

 

Noninvasive ventilation

Weight reduction (in obesity hypoventilation  
syndrome [OHS])

3.6. Chronic exposure to high altitude Displacement to lower altitude

 Long-term oxygen 

3.7. Developmental abnormalities Consider surgical treatments
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The therapy of choice in patients with HFrEF with 
PH-LHD is the standard medical treatment for HFrEF 
which is described in detail elsewhere [22]. The presence 
of PH in these patients typically indicates insufficient 
treatment of venous congestion and the need for the in-
tensification of treatment with diuretics, inhibitors of the 
renin-angiotensin system, beta-blockers, and mineralo-
corticoid receptor blockers as well as the use of cardiac 
resynchronisation therapy in selected cases. Serial 
echocardiograms usually allow detecting changes in cen-
tral venous pressure, left ventricular end-diastolic pres-
sure and pulmonary pressures in these patients in a 
qualitative manner, although an  exact assessment of 
haemodynamic parameters by echocardiography is not 
possible [23]. Right heart catheterisation will be per-
formed in severely compromised  patients, particularly in 
those in whom cardiac transplantation will be consid-
ered. In the latter setting, a significant precapillary PH 
component represents a contraindication to transplanta-
tion because of a high risk of right heart failure of the al-
lograft in the early postoperative period. Options in this 
setting include aggressive decongestion by diuretics and 
after-load reduction and/or the placement of a left ven-
tricular assist device which has been shown to reduce 
both the postcapillary and the precapillary component of 
PH in transplant candidates. There is currently no 
 established role of specific pulmonary vasodilators in pa-
tients with HFrEF. Studies using endothelin receptor an-
tagonists have revealed neutral results. A small single 
centre study has revealed beneficial effects of the phos-
phodiesterase-5 inhibitor (PDE-5 inhibitor) sildenafil on 
haemodynamics and exercise capacity in patients with 
PH-LHF in the context of HFrEF [24]. In a multicentre 
study evaluating the effect of riociguat in patients with 
PH-LHF (HFrEF), no effect of riociguat on mean PAP 
was observed [25]. Additional trials using sildenafil and 
tadalafil are underway [2].

There is still no established treatment for patients 
with HFpEF [26]. In particular, clinical trials evaluating 
inhibitors of the renin-angiotensin system and the min-
eralocorticoid receptor blocker spironolactone have 
yielded neutral results, and the role of beta-blocker is not 
clear, although one study had suggested beneficial effects 
of carvedilol on measures of left ventricular diastolic 
function in patients with high heart rates [27]. Recent 
mechanistic studies in patients with HFpEF (not neces-
sarily with PH) have revealed promising data for the se-
lective sinus node inhibitor ivabradine [28], the selective 
sodium current inhibitor ranolazine [29], and aerobic ex-
ercise training [30]. Studies with clinical endpoint are 
not available however. Thus, management of patients 
with PH-LHD in this context is challenging. The primary 
approach should be a combination of diuretic therapy 
and after-load reduction, but it should be kept in mind 
that patients with HFpEF are characterised by small left 
ventricles with steep end-diastolic pressure-volume rela-
tionship, which makes them susceptible to significant 

changes in stroke volume and blood pressure following 
too aggressive preload reduction. A recent trial evaluat-
ing the use of sildenafil in patients with HFpEF (not nec-
essarily with PH) failed to show an improvement in ex-
ercise capacity compared to placebo [31]. In contrast, a 
placebo-controlled haemodynamic study in patients with 
PH-LHF in the context of HFpEF revealed a significant 
reduction in mPAP and an improvement in right ventric-
ular function by sildenafil [32]. Currently, the role of spe-
cific pulmonary vasodilators in PH-LHD in the context of 
HFpEF is not defined but further studies are underway. 

Management of PH-lung

Treatment of the underlying lung diseases according to 
guidelines is the mainstay of therapy (table 6). For COPD 
patients, long-term oxygen treatment has been shown to 
improve life expectancy if the partial pressure of arterial 
oxygen is <60 mm Hg, possibly by slowing PH develop-
ment. Vasoactive therapy with pulmonary vasodilatation 
may worsen gas exchange in lung disease patients be-
cause it interferes with the mechanism of hypoxic vaso-
constriction and diverts blood flow to poorly ventilated 
areas. In COPD for example, the PDE-5 inhibitor silde-
nafil decreases resting and exercise mean PAP, but in-
creases ventilation/perfusion mismatch, leading to an in-
crease in hypoxaemia with no net improvement in exer-
cise performance and quality of life [33, 34]. Trials 
exploring the effects of bosentan [35] and ambrisentan 
[36] in COPD patients yielded negative results. 

In patients with diffuse interstitial lung disease or 
IPF, long-term oxygen to maintain arterial oxygen satura-
tion >90% is generally recommended. Long-term studies 
with prostanoids for IPF are missing. The endothelin re-
ceptor antagonist bosentan was well tolerated, but failed 
to reduce progression of the underlying lung disease [37]. 
Negative results were also reported for ambrisentan and 
macitentan in IPF patients. Sildenafil was reported to im-
prove 6-minute walking distance in a small open-label 
study [38], but a subsequent controlled trial did not meet 
this endpoint [39]. Interestingly, improved quality of life 
and echocardiographic data were reported in this trial 
[39]. However, taken together, the current evidence does 
not support the use of specific treatment for PH associated 
with interstitial lung disease, COPD, and CPFE. 

A practical challenge in the assessment of individual 
patients is to decide if patients have class 1 PH (i.e., 
PAH) with concomitant lung disease or PH-lung (class 3). 
For these patients, lung function testing, high-resolution 
CT, exercise testing, and also sleep studies, are recom-
mended. Table 4 may serve as guidance to classify such 
patients accurately. In general, mean PAP values of 
>35 mm Hg at rest are considered unusual for PH-lung, 
and the possibility of PAH with concurrent lung disease 
should be considered. In patients with mean PAP 
<35 mm Hg and concurrent severe lung disease, no data 
suggest the use of PAH-specific therapy.
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Obstructive sleep apnoea and obesity hypoventila-
tion syndromes are characterised by hypersomnolence 
and intermittent hypoxaemia during sleep. Obstructive 
sleep apnoea barely increases PAP, but in combination 
with obesity hypoventilation, elevated PAP is common. 
Chronic hypoxaemia leads to PH via hypoxic vasocon-
striction. Standard treatment of PH in obstructive sleep 
apnoea and obesity hypoventilation syndromes is contin-
uous positive airway pressure or noninvasive ventila-
tion. Studies have shown improvement of PH  after 
>3 months of therapy [40].

Summary

PH-LHD and PH-lung are common types of PH which 
typically represent more advanced disease stages of left 
heart and lung disease characterised by more severe 
symptoms and worse prognosis. The tailored work-up 
should include an assessment of the severity and haemo-
dynamic constellation of PH and the mechanism of un-
derlying left heart or lung disease and thereby the ther-
apeutic targets. Specific vasodilator therapies currently 
do not play a prominent role in PH-LHD and PH-lung 
but additional trials are underway.
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