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Restoring the Right
Ventricle
Anton Vonk Noordegraaf, MD, PhD
Harm Jan Bogaard, MD, PhD
Amsterdam, The Netherlands

In recent years, imaging the right ventricle in pulmonary
arterial hypertension has taught us three important
lessons.1 First, the adaptation of the right ventricle to its
load determines a patient’s symptoms and prognosis.
Second, right ventricular (RV) function in pulmonary
arterial hypertension is best described by means of a
volumetric assessment. Third, although small reductions
in pulmonary vascular resistance (PVR) have
unpredictable effects on RV volume and function, a
normalization of PVR (such as achieved through lung
transplantation) leads to reversal of RV reverse
remodeling and full RV functional recovery. Together,
these lessons suggest that restoration of RV function and
volume should be considered as the ultimate treatment
goal.
Monocentric MRI studies have clearly shown that the
modest reductions in PVR achieved with monotherapy
and dual combination therapy improve PVR to a certain
extent, but they do not guarantee a restoration of RV
function and volume.2 An explanation for this
observation is that a modest reduction of PVR (< 300
dynes) usually leads to improved cardiac output but may
not necessarily result in a reduction in pulmonary artery
pressure, which keeps the amount of work of the right
ventricle unaltered. When the cardiac output goes up
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but the RV afterload continues to be high, patients may
beneﬁt from an improved exercise capacity but continue
to be at risk of further RV functional decline. When the
right ventricle continues to follow its fatal path to failure,
prognosis is unaltered. This paradox of apparent clinical
improvement but unaltered prognosis has been
described previously by Sniderman and Fitchett.3 In
other words, it seems that when the PVR is lowered by a
certain minimal amount, or when the PVR is reduced
below a certain absolute threshold, not only will cardiac
output be restored but pulmonary artery pressure will
drop as well. Indeed, it was shown in the article by van
de Veerdonk et al4 that most patients who had a
signiﬁcant drop in PVR had improved RV function and
reduced RV volume.
With the development of > 10 effective PAH agents in
recent years, the goal of sufﬁcient PVR reduction and
RV functional restoration seems within reach. However,
this goal will be reached probably only when these
medications are used in combination. The ﬁrst piece of
evidence that adding a second drug reduces RV volume
in patients undergoing monotherapy was provided > 10
years ago, when van Wolferen et al5 showed that
addition of sildenaﬁl to bosentan improved RV function
and reduced dilatation. More recently, upfront dual
combination therapy was shown to be superior over
monotherapy in preventing clinical worsening.6 The
next step is upfront triple combination therapy
including IV or subcutaneous prostacyclin analogues.
Indeed, Sitbon et al7 showed that upfront triple
combination therapy in selected patients resulted in
dramatic hemodynamic and functional improvements.
However, no data were available on how this strategy
affects RV imaging.
In this issue of CHEST, the article by D’Alto et al8 shows,
for the ﬁrst time to our knowledge, in a multicenter
approach, that reverse remodeling of the right ventricle
can occur if patients are treated by using upfront
combination treatment and that this can be visualized by
means of echocardiography. Although the data are
uncontrolled and the study may have been hampered to
a certain degree by selection bias, the data encouragingly
show that upfront triple combination therapy allows for
restoration of RV structure and function in the majority
of patients, despite their severely compromised
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Figure 1 – A modest reduction in pulmonary vascular resistance will
increase stroke volume but will only produce a small decrease in pulmonary artery pressure. As a consequence, the amount of work for the
right ventricle (stroke volume  mean pulmonary artery pressure) remains unaltered (red zone), leading to a clinical improvement but unaltered prognosis. In the case of a signiﬁcant drop in pulmonary vascular
resistance (> 40%), pulmonary artery pressure will drop, resulting in a
reduction in right ventricular work (green zone) and load, leading to
reverse remodeling of the right ventricle.

hemodynamic proﬁle at baseline. Importantly, the data
suggest that restoration of RV function requires a
minimal reduction in PVR of > 40% of the baseline
value. Although prognostic data are lacking in this
article, it has been clearly established that patients with
stabilized or reduced RV volumes have an excellent
prognosis.9
To summarize, it sufﬁces to paraphrase the words of
Sniderman and Fitchett3: a modest reduction in PVR
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will improve walking distance, a signiﬁcant reduction in
PVR will restore RV function (Fig 1). In future years, we
need to determine the threshold reduction in PVR
(either absolute or relative) that results in clinically
relevant improvements in outcome. With that
information, we can further optimize our upfront
treatment strategies to restore RV function.
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