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Introduction
Physiologically, with every stroke right and left ventricle ejects the
same blood volume. However, due to low resistance of the pulmonary
circulation the stroke work is about 75% lower than on the left side
resulting in a thinner right ventricular wall. Therefore, the right ventricle
shows more compliance and less resistance to an abrupt increase in
after load. Acute Right Heart Failure (ARHF) is a clinically complex
situation occurring in 10 to 20% of all acute heart failure patients mostly
due to right coronary occlusion or secondary pulmonary hypertension
[1,2]. It is characterized by an inability of the right ventricle to generate
enough cardiac output, thereby resulting in a volume deficit of the left
ventricle. In addition, ARHF results in an increase in venous congestion
and finally in cardiogenic shock. The prognosis of ARHF is extremely
dismissal. Treatment of this life-threatening clinical condition primarily
focuses on treating the cause of acute right ventricle failure. In addition,
optimization of preload status by volume infusion, reduction of after
load, improving contractility by adequate pharmacotherapy, and
mechanical circulatory support may be beneficial for patients suffering
from ARHF. Figure 1 summarizes the management of acute right
heart failure. Since most studies have focused on improving left heart
function so far, diagnosis and therapy of ARHF has been rarely in the
center of research and innovative developments in medical technology.
The right ventricle has therefore been named the “forgotten chamber”
[3] (Figure 1).

Acute medical therapy in right heart failure
Most patients suffering from ARHF show an increase in venous
filling pressure. However, due to bleeding, sepsis, or other reasons of
acute volume loss, infusion of crystalloid solution should be considered
to achieve a right arterial filling pressure of at least 10 mmHg. In case of
elevated central venous pressure (>15 mmHg), infusion of diuretics in
hemodynamically stable patients is recommended [1]. Hemofiltration
is indicated in acute renal failure. A combination with mechanical
circulatory support should be considered in acute cardiogenic shock.
Secondary causes of ARHF are related to an increase in after load
due to obstruction of pulmonary circulation (e.g. pulmonary embolism),
chronic pulmonary hypertension, reduction of lung volume due to
pleural effusion or pneumothorax, and secondary due to left ventricular
dysfunction. Besides causal treatment, i.e. improving left ventricular
contractility, thrombolysis, or drainage of the pleural effusion, additional
measures for reducing right ventricular after load should be considered
in the acute situation. If the patient requires mechanical ventilation, it is
recommended to apply low pressure ventilation combined with Nitric
Oxide (NO) inhalation for reduction of vascular resistance.
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Phosphodiesterase 5 inhibitors increase the endothelial NO
production which may contribute to vasodilatation of the pulmonary
vasculature. Similar effects can be achieved by direct infusion of NO.
However, as NO reduces peripheral vascular resistance, and hence,
increases venous pooling, it finally results in a decrease of arterial
pressure. Therefore, NO should only be used in hemodynamically stable
ARHF patients.
Based on animal studies, dobutamine depicts the substance of
choice for improving right ventricular contractility [4]. Dobutamine
has beneficial effects restoring right ventricular pulmonary artery
coupling and increasing cardiac output compared to nor epinephrine.
Phosphodiesterase (PDE) 3 inhibitors should be considered in patients
with right heart dysfunction and increased pulmonary artery pressure.
PDE 5 inhibitors result in a decrease in pulmonary vascular resistance.
They are well established in the treatment of chronic pulmonary
hypertension. However, in ARHF their use may be associated with
increased hemodynamic instability due to arterial pressure reduction.
Despite the improvement of the acute hemodynamic condition,
application of PDE inhibitors in ARHF could not show survival benefits
as evaluated by randomized clinical studies in high risk cardiac surgery
patients [5]. The calcium sensitizer levosimendan improves right
ventricular function [6]. It should be considered in secondary right
ventricular dysfunction due to left ventricular dysfunction.

Mechanical circulatory support in acute right ventricular
failure
Extracorporeal Life Support (ECLS) has been increasingly used
worldwide, most frequently for left heart failure [7]. It supports patients
with cardiopulmonary dysfunction refractory to conventional therapy.
Since application of inotropic agent’s only results in minor improvements
of right heart function in most patients, mechanical circulatory support
devices have been developed recently for improving or even replacing
the failing right heart. Mechanical assist devices reduce central venous
pressure and increase left ventricle filling. The organ perfusion pressure
is defined by the difference between mean arterial pressure and central
venous pressure. In cardiogenic shock, increasing arterial pressure or
decreasing central venous pressure result in an improvement of organ
perfusion. Table 1 gives a summary of right ventricular assist devices
for minimal invasive implantation in intensive care medicine. Future
devices offer higher flow rates at lower vascular access diameters.
Animal studies have shown that pulsatile flow maintains hemodynamic
stability better than non-pulsatile flow with better preservation of renal
function and systemic vascular tone [8]. However, the significance or
even necessity of pulsatile support for the failing right ventricle is still
unclear (Table 1).
Due to differences in geometry and wall thickness, the process of
right ventricular remodeling differs in comparison to the left ventricle.
Extracorporeal Membrane Oxygenator (ECMO) systems with
centrifugal pumps unload the right ventricle by pumping blood from
the vena cave into the aorta [9], hence increasing left ventricular after
load [10]. In contrast, Right Ventricular Assist Devices (RVAD) unload
the right heart pumping blood from the vena cave into the pulmonary
artery increasing right ventricular after load [11]. The reduction in
wall tension by ECLS results in a remodeling of the overstretched right
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Figure 1: Management of acute right heart failure.
(CVP: Central Venous Pressure; RV: Right Ventricle; PDE: Phosphodiesterase; RVAD: Right Ventricular Assist
Device; ECMO: Extracorporeal Membrane Oxygenation with Centrifugal Pump; NO: Nitrite Oxide).

Device:
Cannulation:
(Location & Size)
Max. Flow rates:
Risk of peripheral ischemia:
Gas exchange:
Costs:

ECLS - ECMO
Vena 17 - 23 F
Artery 15 – 19 F
3 – 6 l/min.
+++
Always with MO
++

Tandem Heart with Avalon Cannula
Jugular vein 29 F
(pre-dilatation)
3.7 l/min.
++
Facultative MO
+++

Impella RP
Femoral vein 23 F
(peel-away introducer)
4.4 l/min.
+
None
+++

Table 1: Mechanical circulatory support for percutaneous implantation in acute right heart failure.
(MO: Membrane Oxygenator).
ventricle, thus improving tricuspid valve geometry and reducing valve
insufficiency [12]. Hence, ECLS should be considered for recovery in
ARHF.
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Diagnosis of ARHF is often complex and overlooked in many
clinical cases of acute decompensate heart failure. Cardiogenic shock
patients with right heart involvement suffer from extremely high
mortality rates. Past studies and research mostly focused on improving
left ventricular function. Several substances used in intensive care
medicine are not validated in ARHF or even contraindicated. Therefore,
future developments should focus more on the increasing number of
ARHF patients. The proposed algorithm may help improving their
clinical outcome.
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