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Abstract

Left heart failure is currently the most prevalent cause of pulmonary hypertension (PH) worldwide and
this is due mainly to the increased left ventricular and pulmonary venous pressures seen in this
condition. Still, a quota of patients with left heart failure will have a pulmonary arterial disease
“disproportionate” to the initial increase of left-sided pressures. Whatever the mechanism involved,
the appearance of PH is a powerful marker, as it determines decreased exercise tolerance and survival.
To date, all trials using therapies approved for pulmonary arterial hypertension (PAH) failed to
demonstrate a benefit in the context of heart failure (HF) without or with PH. In addition, the
comparison among studies is limited by relevant differences in definitions, methodology, and timing of
assessment. A novel rigorous hemodynamic classification based on the diastolic pulmonary gradient has
been recently proposed to better characterize this form of PH. This will promote uniformity in patient

populations and end-points for future clinical trials.

Introduction

An abnormal increase of pressures in the pulmonary
vascular bed, or PH, can be a relatively common con-
sequence of several cardiac, pulmonary, and systemic
disorders [1] but also of the aging process. Left heart diseases
(LHDs), mainly HF with preserved or reduced ejection
fraction (HFpEF or HFrEF) and valvular heart disease,
represent the most frequent causes of PH (PH-LHD)
through the increase of left ventricular filling pressures
and pulmonary venous pressures [2]. Presence of PH-LHD
is associated with a decrease in exercise tolerance, worsening
of dyspnea, and reduced survival [2-5].

Several drug regimens approved for PAH (a rare disease)
have been tested in clinical trials to treat heart failure,
with or without PH-LHD: all have yielded disappointing
results so far. This emphasizes the specificities of
PH-LHD, the importance of an appropriate hemo-
dynamic classification, and the need for a strict selection
of patients and endpoints for clinical trials. In this brief
review, we will provide insights into the main areas of
controversy in PH-LHD.

How is pulmonary hypertension due to

left heart disease defined and diagnosed?
PH-LHD is diagnosed by right or left heart catheteriza-
tion (or both) when the mean pulmonary pressure
(PAPm) is superior to 25 mm Hg and the pulmonary
capillary wedge pressure (PAWP) or the left ventricular
end-diastolic pressure exceeds 15 mm Hg. PAWP is
definitely a surrogate measure for left ventricular end-
diastolic pressure that is increased by a variety of cardiac
diseases. The mechanism of PH-LHD is represented in
Figure 1. In the resting pulmonary circulation, in which
approximately 1:1 backward transmission of pressure
can be observed between the left atrium and the diastolic
pulmonary pressure (PAPd), every 1 mm Hg increase of
left atrial pressure corresponds to a 1 mm Hg increase in
PAPd. This relatively simple equation displays how
HFpEF, HFrEF, and valvular heart disease may generate
PH. However, the increase in left atrial pressures has a
much more prominent impact on the elevation of
systolic pulmonary arterial pressure and mean pulmon-
ary pressures than of PAPd and further depends on
cardiac output [2,6]. In rare cases, patients will develop a
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Figure |I. Mechanisms of pulmonary hypertension due to left heart disease
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colleagues [2].

significant pre-capillary pulmonary vascular disease that
is not entirely explained by a passive increase in left atrial
pressure. To date, the pre-capillary, or arterial, compo-
nent of PH-LHD has been defined on the basis of
transpulmonary gradient (TPG) (that is, TPG = PAPm -
PAWP; normal TPG < 12 mm Hg) with a wide variety of
definitions and terminologies (among others, “reactive”,
“out of proportion”, and “mixed” PH) [2]. Confusion
has been further promoted by the inappropriate exten-
sion of vasodilator testing to this subgroup of patients,
with consequent spreading of an anomalous overlap
between PAH and PH-LHD and some expectation for a
treatable component of the disease.

In the attempt to harmonize definitions, an updated
hemodynamic classification based on the diastolic
pulmonary difference (DPD) has been recently proposed
for PH-LHD [2]. The DPD has several advantages: it is
virtually absent in healthy individuals, is less dependent

than the transpulmonary gradient (TPG = PAPm - PAWP;
normal TPG < 12 mm Hg) from stroke volume and
PAWP, and has been shown to provide added prognostic
value to the TPG [7]. This classification labels
patients with high PAWP (>15 mm Hg) and low DPD
(<7 mm Hg) as having “isolated post-capillary PH” and
patients with high PAWP and DPD (>7 mm Hg) as
having “combined post-capillary PH and pre-capillary
PH” (CpcPH). Essentially, this describes the hemo-
dynamic status while avoiding any forecast on the
components of vasoconstriction and remodeling.

How frequent is it?

As previously mentioned, the lack of a uniform definition
limits the comparison among available studies as well
as the precise estimation of incidence and prevalence of
PH-LHD. The existing variations in the epidemiology of
PH-LHD depend largely on differences in methodology
of evaluation (prospective versus retrospective), disease
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classification, patient selection criteria (age, risk factors,
and left ventricular systolic function), technique of
pulmonary pressure assessment (hemodynamic versus
non-invasive), and previous fluid optimization. As an
example, the prevalence of moderate to severe PH at
echocardiography among 11,327 suspected HF patients
retrospectively included in the Euro Heart Survey was 16%
[8] but rose to 62% at invasive evaluation in a smaller
prospective study performed by Ghio and colleagues [9]
in 379 consecutive patients with an ejection fraction of
less than 35%.

More recently, Damy and colleagues [5], using an
echocardiographic cut-off value of 35 mm Hg for the
tricuspid gradient, showed respective proportions of PH
in 30%, 18%, and 4% of HFrEF, HFpEF, and no-HF
patients, respectively; of note, the prevalences fell to 6%,
7%, and 8% when those without a measurable tricuspid
regurgitation jet were included. Applying the same
echocardiographic limit to a population of 244 consecu-
tive patients with HFpEF, another study yielded a
remarkable 83% prevalence of PH [10]. These wide
differences highlight well how definitions and diagnostic
protocols may affect results and the importance of invasive
evaluation as gold standard for quantifying pressures,
cardiac output, and pulmonary vascular resistances (PVRs)
in PH. Recent data suggest that the prevalence of CpcPH
is around 12% in patients with HF [7].

How important is pulmonary hypertension due
to left heart disease?

Clear evidence that PH increases mortality in HF
independently from the underlying cause emerged from
the first reports more than 20 years ago [11,12]. The
available data confirm that prognosis of HFpEF is
comparable to or only faintly better than that of HFrEF;
moreover, in both conditions, the decrease in survival is
similarly proportional to the elevation of pulmonary
systolic pressure even if the majority of patients will
present with only a mild to moderate degree of PH.
Accuracy of risk estimation can be further increased on
the basis of the PH subtype: mixed PH (or combined pre-
and post-capillary PH, PVR of at least 3 Wood units) has a
largely higher risk of death than passive PH (or isolated
post-capillary PH, PVR of less than 3 Wood units -
hazard ratio 1.55) [13]. In the previously mentioned
study from Ghio and colleagues [9], right ventricular
function, New York Heart Association functional class,
left ventricular end-diastolic diameter index, and PAPm
were all independent survival predictors at multivariate
analysis; interestingly, despite confirmation that PAPm
and right ventricular ejection fraction are inversely
related, the latter kept its prognostic value only in the
subgroup of patients with high PAPm. This confirms the

http://f1000.com/prime/reports/m/7/7

importance of the right ventricular response to afterload
over the absolute value of pressures as a determinant for
survival in PH-LHD.

At present, fewer data are available on the prognostic
impact of other parameters employed for diagnosis, such
as DPD and TPG [14]. In a recent work, DPD increased
prediction of survival in 1094 patients undergoing
invasive evaluation for confirmation of PH: at a median
follow-up of 78 months, combined pre- and post-
capillary PH had the same worse outcomes as pre-
capillary PH [7]. However, this was not confirmed by a
subsequent retrospective analysis of the hemodynamic
data of 5827 orthotopic heart transplant recipients with
pre-transplant PH and elevated TPG and PVR: the post-
transplant survival rate at five years was similar when a
stratification on the basis of DPG was performed [15].
One of the limitations of the latter lies in the selected
population studied; that is, only the patients undergoing
transplant were studied, and naturally patients with
significant pulmonary vascular disease were excluded.

Should pulmonary hypertension due to

left heart disease be treated?

Besides the controversies in definition and diagnosis of
PH-LHD, the general agreement is that treatment of
PH-LHD should start with aggressive management of the
underlying cardiac disease and of any other potential
confounding factor, such as respiratory tract infections,
sleep apnea syndrome, arrhythmias, or pulmonary embo-
lism. Aggressive control of cardiovascular risk factors is
also recommended.

There is no specific treatment for PH-LHD, though.
Diuretics are the mainstay of medical treatment for fluid
control and relief of congestion, whereas angiotensin-
converting enzyme inhibitors and 3-blockers are indicated
to improve morbidity and long-term survival in HF.
Some subsets of patients may benefit from invasive
monitoring and cydic inotropic support to optimize
volume status, alleviate symptoms, or reduce hospitaliza-
tions (or a combination of these), although the long-term
benefit of this strategy remains uncertain. When appro-
priate, corrective/palliative surgery for valvular heart
disease should be considered, along with the implanta-
tion of cardiac resynchronization therapy or implantable
cardiac defibrillators for those with QRS of more than 120
ms and ejection fraction of less than 35%. If clinically
indicated, younger patients unresponsive to medical
treatment should be evaluated for heart transplantation or
implantation of ventricular assist devices to support cardiac
output, either as a bridge to transplant or as destination
therapy. For this indication, the pre-transplant assessment
of reversibility of PH-LHD is particularly relevant.
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The appealing hypothesis of targeting PH-LHD with
drugs approved for PAH has been supported by affinities
in the increase of endothelin-1 levels and in the
impairment of nitric oxide-mediated vasodilation;
small single-center therapeutic trials have reported
improvement of exercise capacity and hemodynamic
parameters [16-18]. However, the results of randomized
trials have been largely unsatisfactory, if not detrimental,
with most of the compounds. In our opinion, this has
several reasons. First, patients were generally not strati-
fied on the basis of PH, nor was hemodynamic
evaluation systematically performed. Second, with the
exception of phosphodiesterase-5 inhibitors, mostly
patients with HFrEF were enrolled and patients with
valvular heart disease were excluded. Third, preliminary
optimization of volume status was not required for
inclusion. Lastly, high dosages of compounds were used
in order to attain systemic effects.

As a result, data coming from multicenter randomized
trials are scarce. In fact, only two of these trials are
available in the literature. In a multicentric placebo-
controlled trial [19], riociguat (a soluble guanylate
cyclase stimulator approved for PAH and chronic
thromboembolic pulmonary hypertension) was com-
pared with placebo in 201 patients with PH due to
HF-1EF during 16 weeks. No effect on the primary
endpoint (a change in PAPm after 16 weeks) was
observed at any dose of riociguat compared with placebo.
A proof-of-concept study to test the acute effects of
riociguat in patients with PH associated with diastolic
dysfunction (NCT01172756) has recently been
published, with similar negative results [20].

Two multicenter clinical trials in PH-LHD are currently
under way with the phosphodiesterase 5 inhibitors
sildenafil (NCT01616381) and tadalafil (NCT01910389).
Although these trials plan to include a well-defined
population with PH due to systolic HF, the absence of
right heart catheterization validation of PH might
represent a significant limitation.

Finally, a pilot phase II study with the endothelin receptor
antagonist macitentan (MELODY-1) (NCT02070991) is
the only trial including patients falling in the new
definition of CpcPH. Until results from large trials are
available, PH-LHD should not be treated with drugs
approved to treat PAH.

Conclusions

Despite several advances in assessment and classification,
PH-LHD is still an under-recognized threatening com-
plication of LHDs. A new definition and harmonized
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terminology will provide a better identification of a
subset of patients who deserve special attention. In this
area of unmet clinical need, proof-of-concept studies are
needed to implement larger randomized trials, along
with robust clinical end-points. Combined pre- and post-
capillary PH appears to be one of the main fields of
interest for therapeutic trials with PAH-specific drugs.
This should lead to better use of resources, at least by
decreasing inappropriate off-label drug use in this
context.
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