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New Tricks for an Old Drug: Prostacyclins and Right Ventricular
Contractility in Pulmonary Arterial Hypertension

Prostacyclin analogs are the cornerstone medical therapy for
pulmonary arterial hypertension (PAH), a disease characterized by
progressive pulmonary endothelial dysfunction and remodeling of
distal pulmonary arterioles, which can lead to right ventricular
(RV) failure (1). Prostacyclins improve cardiac output (CO),
functional status, and survival in PAH—effects classically
attributed to vasodilatory, antithrombotic, and antiproliferative
properties at diseased pulmonary arterioles (2–5). In this model,
prostacyclins target PAH vasculopathy to reduce RV afterload and
restore ventriculoarterial coupling, a metric of mechanical
efficiency. Conversely, approved therapies for RV contractile
dysfunction in PAH, a key determinant of survival, do not exist
currently. In this issue of the Journal, Tello and colleagues
(pp. 111–114) challenge this contemporary paradigm of
prostacyclin pharmacology in PAH. Through high-fidelity
hemodynamic analysis, they conclude that inhaled iloprost
enhances CO not only through effects on the pulmonary
circulation but also through enhanced RV contractility (6).

To disentangle the relative contributions of afterload and
contractility to RV performance, effective arterial elastance (Ea) and
end-systolic ventricular elastance (Ees), respectively, can be quantified
through analysis of RV pressure waveforms (single-beat method) or
pressure–volume loops (multibeat method). When the Ees/Ea ratio is
approximately 1.5–2, RV contractility is matched to afterload, and
blood is ejected from the RV into the pulmonary circulation with
optimal efficiency (7, 8). It follows that decreases in afterload (Ea),
mediated by pharmacologic (or surgical) intervention, may lead to a
decrease in contractility (Ees) to spare the RV from inefficient energy
consumption. Indeed, in patients with PAH initiated on continuous
intravenous treprostinil, it has been shown that Ees declined together
with Ea after days to months of pulmonary vasodilator therapy (9).
This observation would appear to validate the classical model that
prostacyclins improve CO in PAH through effects on the pulmonary
circulation and RV afterload (9). Importantly, this prior work did not

profile the real-time Ees/Ea response to prostacyclin administration,
opening a path forward to clarify the acute RV response to
prostacyclin therapy.

To understand the acute effects of prostacyclin on RV function,
Tello and colleagues administered inhaled iloprost to 32 patients with
PAH undergoing high-fidelity conductance catheterization. This
approach enabled real-time assessment of RV pressure–volume loops
and, thus, direct Ees/Ea measurement through the multibeat method.
As a comparator to iloprost, inhaled nitric oxide (NO) or oral
riociguat, which stimulates the NO effector, soluble guanylyl cyclase,
was administered to a comparator group. Full methodologic details,
critically important to the interpretation of sophisticated
hemodynamic analysis, are provided in an online supplement.
The authors observed that iloprost improved CO and RV ejection
fraction versus the pretreatment baseline, but through an unexpected
mechanism: lower Ea and increased Ees, leading to a net increase in
Ees/Ea from 0.936 0.44 to 1.466 0.70. Conversely, patients treated
with inhaled NO/riociguat demonstrated decreased Ea, decreased Ees,
and unchanged Ees/Ea. Collectively, these findings suggest that the
acute benefits of inhaled iloprost are mediated by afterload
reduction and positive inotropy, in contrast to the purely
vasodilatory effects of NO/riociguat. The investigators went on to
validate the effect of intravenous iloprost using a rodent pulmonary
arterial banding model, a system used to study RV performance
under conditions of fixed afterload. They observed directionally
similar findings for increased Ees and CO with iloprost
administration, adding additional plausibility to the concept that
iloprost improves RV contractility.

How did the present study detect inotropic effects which have
not been demonstrated in patients with PAH before? First, although
the efficacy of prostacyclin analogs is generally regarded to be similar,
it is conceivable that iloprost may have unique inotropic properties
relative to previously studied agents such as treprostinil (10). This
study did not compare the effects of iloprost to other prostacyclin
formulations. Second, the study by Tello and colleagues was the first
to use multibeat determination of Ees and Ea during the acute
initiation of prostacyclin therapy. As the multibeat approach may
predict PAH outcomes better than the single-beat method, it is
possible that multibeat analysis is a more sensitive measure of load-
independent RV function (11). Last, the study by Tello and colleagues
was designed to test only the short-term hemodynamic effects of
iloprost; taken together with prior data collected over a longer period,
prostacyclin enhancement of RV contractility may wane during
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prolonged treatment, perhaps as the RV adapts to improved loading
conditions (9).

This study is a valuable contribution to the literature on
prostacyclin pathophysiology in PAH. Nonetheless, there are a few
points left unanswered. The authors present a combined comparator
group of patients treated with NO and/or riociguat; the use of
disparate agents, although rooted in the premise that both drugs act at
least partially on the same signaling pathway, is a puzzling choice, as
inhaled NO and oral riociguat differ in their PAH pharmacology.
The decision to pool distinct medications into one group may reflect
the challenge of enrolling sufficient patients for a multi-arm invasive
hemodynamic study. To this point, the study was underpowered to
meaningfully assess for differences in hemodynamic pharmacology
between iloprost, NO, and riociguat individually. This may explain
why the latter agents did not increase CO, as has been shown in other
studies before (11, 12). Furthermore, pressure–volume loop analysis,
although considered a gold-standard load-independent assessment of
RV function, involves assumptions and analysis approaches that
contribute to intrastudy and interstudy variability (13, 14). For
example, in this study, inhaled iloprost improved median CO by
about10.8 L/min despite an incremental16 ml/beat increase in
stroke volume and nomeaningful change in heart rate. A direct Fick
determination of COmight have added confidence in the CO
measurements, a practice warranting greater emphasis in clinical
practice as well (15).

Overall, Tello and colleagues present compelling evidence that
iloprost improves RV contractile function in both human and
experimental PAH. Further study of the biological mechanism,
duration, and generalizability of prostacyclin-dependent inotropy
may ultimately improve treatment strategies for patients with PAH
with RV contractile dysfunction.�
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