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Abstract

Left ventricular assist device is a life-saving option in patients with end-stage left heart failure. It leads to a decrease of
pulmonary arterial pressure, wedge pressure and pulmonary vascular resistences. However, a post capillary pulmonary
hypertension persists in a significant proportion of patients despite adequate LV unloading. A possible explanation is the
pulmonary venous congestion and subsequent decrease in the level of nitric oxide. This observation has led to an increased
interest for pulmonary vasodilators, especially phosphodiesterase 5 inhibitors (PD-5 I). They enhance the nitric oxide (NO)
signaling through the increase of cyclic guanosine monophosphate availability. Sildenafil allows to tritate down the iNO and
succesfully extubated the patient; it has been shown to significantly reduce mPAP and PVR 2-4 weeks after LVAD implantation
and to wean from inotropic support within the first 72 hours. However, whereas literature seems to support its use in the
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immediate postoperative period, there are not enough evidences about their long term use.
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Abbreviations: LVAD: Left Ventricular Assist Device; LV:
Left Ventricle; PAP: Pulmonary Arterial Pressure; PCWP:
Pulmonary Capillary Wedge Pressure; PVR: Pulmonary
Vascular Resistance; PH: Pulmonary Hypertension; CO:
Cardiac Output; TPG: Transpulmonary Pressure Gradient.

Introduction

Left ventricular assist device (LVAD) is a life-saving
option in patients affected by end-stage left heart disease. It
canrepresentabridge torecovery,abridge to hearttransplant
or a destination therapy. In all these cases, the occurrence
of right ventricular failure (RVF) may dramatically affect the
clinical outcomes and patient’s candidacy to heart transplant.
RVF incidence after continuous-flow LVADs ranges from 20
to 40% [1,2] with a mortality rate of 40 to 50% [3,4]. The
Interagency Registry for Mechanically Assisted Circulatory
Support (INTERMACS) has provided a definition for RVF
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following LVAD implantation [5]. This includes signs and
symptoms of right ventricle (RV) dysfunction: central
venous pressure (CVP) > 18 mm Hg and cardiac index (CI) <
2.0 L/min/m2), with a pulmonary capillary wedge pressure
(PCWP) >18 mm Hg, requirement of a RV assist device
(RVAD), or requirement of inhaled nitric oxide (iNO), or
prolonged-duration inotropic support. Possible mechanisms
of RVF after LVAD implantation may include the acutely
increased venous return to the RV, the leftward shift of the
interventricular septum, atrial and ventricular arrhythmias
which may occur in approximately 20% of patients.
Furthermore, an excessive perioperative fluid challenge may
exacerbate RV dilation [6].

Pulmonary Hypertension in LVAD Patients

Mechanical unloading of the left ventricle (LV) leads to a
decrease of Pulmonary Arterial Pressure (PAP), Pulmonary
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Capillary Wedge Pressure (PCWP) and Pulmonary Vascular
Resistance (PVR), due to decongestion of the pulmonary
circulation. However, pulmonary hypertension (PH) persists
in a significant proportion of patients after LVAD positioning,
despite adequate LV unloading. This is a postcapillary PH
defined by a mean PAP (mPAP) = 25 mmHg in the presence
of an abnormally elevated PCWP > 15 mm Hg and a normal
or reduced cardiac output (CO). It is classified as Group 2
PH according to current guidelines [7,8]. This subgroup of
patients with PH type 2 exhibits high PVR and transpulmonary
pressure gradient (TPG), which are characteristics of
Group 1 precapillary PH. A possible explanation is the
pulmonary venous congestion and subsequent decrease
in the level of nitric oxide, with contemporary increase in
the level of endothelin expression that bring to pulmonary
vasoconstriction and vascular remodeling [8-10]. This
observation led to an increased interest in pulmonary
vasodilators, especially phosphodiesterase 5 inhibitors
(PD-5 1), in order to target the adverse pulmonary vascular
remodeling and prevent post-LVAD RVF.

Phosphodiesterase-5 Inhibitors

and LVAD

(Pde5i)

PDESi are pulmonary vasodilators most frequently used
to unload the RV in LVAD patients. However, supporting
literature with big sample size studies is still lacking. The oral
PDESi (sildenafil and tadalafil) are already recognized as a
treatment option in Group 1 PH either as a monotherapy or in
combination with other pulmonary vasodilators (endothelin
receptor antagonists, PDE3i, and prostanoids). They act
enhancing the nitric oxide (NO) signaling through the
increase of cyclic guanosine monophosphate (cGMP) levels
[11-13]. INO is the first step in preventing and treating RVF
after LVAD surgery [14-16]. However, the need of mechanical
ventilation may itself affect RV function. Furthermore, there
can be a rebound effect on PAPs after its discontinuation.
Sildenafil allows titrating down the iNO and successfully
extubate the patient, with less rebound effect on PVR and less
risk of metahemoglobinemia [18]. Sildenafil has been shown
to significantly reduce mPAP and PVR 2-4 weeks after LVAD
implantation and to wean from inotropic support within
the first 72 hours [17]. However, no significant differences
between sildenafil and control groups have been found for
either PCWP or CO [18]. Despite the possible side effects
of dizziness, nausea, systemic hypotension, no significant
increase in gastrointestinal bleeding and stroke have been
found. This is noteworthy given the potential for platelet
inhibition with PDE5i [19].

Discussion and Conclusion

Promising effects of sildenafil therapy are well accepted
in critically ill patients with RV disfunction (INTERMACS
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CLASS 2.3) [20]. However, literature is made mainly by
observational small sample size studies that limit the power
to achieve statistically significant results. Furthermore, there
is no a predefined algorithm to guide sildenafil use after LVAD
placement. Patients with combined pre and postcapillary
PH or significant RV dysfunction would be the ideal target
subgroups for this treatment. Similarly, there are ongoing
studies about indications and efficacy of other pulmonary
vasodilators. Currently, the prospective, randomized clinical
trial SOPRANO (about the role of Macitentan in patients
with PH after LVAD implantation) may be a further step in
understanding the role of pulmonary vasodilators in LVAD
patients. The International Society for Heart and Lung
Transplantation guidelines for mechanical circulatory
support recommend the use of pulmonary vasodilators
additional to diuretics and inotropes for the treatment of
RVF after LVAD. The recommended agents include iNO or
inhaled prostacyclin (Class I, Level of evidence C) as well as
PDESI (Class I1b, Level of evidence C). However, they largely
represent expert opinions and are based on several small
studies [21].

In conclusion, whereas literature seems to support the
use of pulmonaryvasodilatorsin theimmediate postoperative
period of LVAD surgery, we still do not know enough about
their long-term use in order to prevent late RVF. Promising
results come from the evidence that sildenafil profoundly
reduces RV afterload and volumes, predominantly through
relief of pericardial constraint, without effects on RV
contractility [22]. These findings may potentially support
further studies on the role of PDE5i in protecting RV function
in advanced heart failure or in patients at high risk of
developing RVFE.
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