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A review of diagnosis and principles of percutaneous mechanical circulatory support to 

optimize RV preload, afterload, and contractility after acute RV failure.

BY IVAN D. HANSON, MD, AND JAMES A. GOLDSTEIN, MD

Acute Right  
Ventricular Failure

C
ardiogenic shock is defined as systemic tissue 
hypoperfusion secondary to inadequate cardiac 
output despite adequate circulatory volume and 
ventricular filling pressure. Diagnostic criteria 

for cardiogenic shock include a systolic blood pressure 
(BP) < 90 mm Hg for > 30 minutes; a decrease in mean 
arterial BP > 30 mm Hg below baseline, with a cardiac 
index < 1.8 L/min/m2 without hemodynamic support or 
< 2.2 L/min/m2 with support; and elevated ventricular 
filling pressure.1

Shock due to predominant acute right ventricular 
(RV) failure is characterized by clinical findings of hypo-
tension; low cardiac output; compensatory increase in 
systemic vascular resistance often manifesting as cool, 
clammy extremities; clear lungs signifying normal left 
ventricular (LV) filling pressure; and elevated jugular 
venous pressure indicating increased RV preload. In 
acute RV dysfunction, the RV free wall (RVFW) is unable 
to contribute to stroke work, resulting in failure to main-
tain forward flow into the pulmonary artery (PA) and 
subsequent reduced LV preload. RV dilation shifts the 
interventricular septum toward the left ventricle, which 
further impairs LV preload, an effect further exacerbated 
by elevated intrapericardial pressure (a result of abrupt 
RV dilation). Under conditions of acute ischemic RVFW 
ischemic dysfunction, RV systolic pressure and global 
performance are generated by LV septal contractile con-
tributions mediated via the interventricular septum.2-4 
This cascade of events, if not promptly recognized and 
treated, can result in shock and death. 

Acute RV failure may be associated with acute inferior 
myocardial infarction (IMI) with RV involvement (RVI) 
(Figure 1), post–LV assist device (LVAD) implantation, 
postorthotopic heart transplantation, postcardiotomy 
after any cardiac surgical procedure, acute pulmonary 
embolism, and acute right heart valve insufficiency 
(eg, acute tricuspid or pulmonic valve regurgitation). 

Echocardiography provides evidence of RV failure, 
including RV dilation, depressed RVFW motion, and 
diminished RV ejection fraction. The right ventricle may 
be larger than the left ventricle (RV/LV end-diastolic area 
ratio > 0.6), and reverse septal curvature is often pres-
ent.5 Echocardiography is also useful to exclude pericar-
dial disease, which is beyond the scope of this review.

The use of a PA catheter is indispensable in the con-
temporary management of cardiogenic shock,6 and 
shock due to acute RV failure is no exception (although 
caution must be employed when inserting any catheter 
into the ischemic dilated RV, which is very sensitive 
and prone to ventricular arrhythmias). Cardiac power 

Figure 1.  Acute IMI with RVI. Echocardiography reveals RV 

enlargement with dyskinetic free wall motion and septal bow-

ing toward the relatively underfilled LV. Angiography reveals 

occlusion of proximal right coronary artery. ED, end diastolic; 

ES, end systole. Adapted from Bowers TR, O’Neill WO, Pica 

M, Goldstein JA. Patterns of coronary compromise resulting 

in acute right ventricular ischemic dysfunction. Circulation. 

2002;106:1104–1109. 
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output (CPO; expressed in Watts) is the single most 
predictive marker of prognosis in cardiogenic shock.7 
It is easily calculated by multiplying mean systemic 
BP by cardiac output and dividing by a constant, 451 
(CPO = [MAP X CO]/451). The ratio of central venous 
pressure to pulmonary capillary wedge pressure > 0.63 
predicts RV failure after LVAD implantation.8 PA pulsa-
tility index (PAPi) may be the most accurate predictor 
of RV failure after LVAD implantation or after IMI with 
RVI9,10 and can easily be calculated using commonly col-
lected hemodynamic parameters (PAPi = [systolic PA 
pressure – diastolic PA pressure]/mean right atrial pres-
sure).

MANAGEMENT
Medical Therapy

Medical therapy for acute RV failure is based on fun-
damental principles of optimizing preload, afterload, and 
contractility.11-13 Achieving acceptable RV preload can 
be accomplished with intravenous fluid resuscitation or 
diuresis/dialysis as appropriate. In most cases, maintain-
ing central venous pressure around 8 to 12 mm Hg is 
optimal. If the RV is failing due to excessive afterload, 
this can be reduced using pulmonary vasodilators 
(or via thrombolysis in the case of thromboemboli). 
Vasopressors and inotropes may also be required to 
maintain an aortic BP sufficient to perfuse the coronary 
artery circulation and augment RV contractility. If these 
maneuvers fail to restore adequate tissue perfusion, 
mechanical circulatory support (MCS) may be required.

Revascularization
In the case of acute RV 

failure due to RVI, reperfu-
sion of the occluded right 
coronary artery results 
in rapid restoration of 
RV systolic function and 
improved hemodynamics. 
In the SHOCK trial registry, 
patients with shock due 
to predominant RV failure 
had a similar mortality rate 
as patients with predomi-
nant LV failure (~50%).14 
Achieving successful myo-
cardial reperfusion appears 
to be a critical determinant 
of outcome. In a single-cen-
ter series of 53 patients with 
acute RVI, achievement of 
angiographically normal 
flow in the right coronary 

artery and all its major branches resulted in dramatic 
recovery of RV performance, improved cardiac output, 
and improved survival (98% vs 42% with unsuccessful 
reperfusion; P = .001).15 Importantly, vagal-mediated bra-
dycardia and/or heart block can be encountered prior to, 
during, and after revascularization, and temporary pacing 
may be required.

Thrombolytic therapy for acute massive or submassive 
pulmonary embolism results in restoration of pulmo-
nary blood flow, reversal of compensatory pulmonary 
vasoconstriction in lung segments not directly affected 
by clot burden, reduction in RV afterload, increase in LV 
preload, and increase in systemic BP and cardiac out-
put.16,17

It is essential to emphasize that the right ventricle 
has a remarkable ability to recover function in the set-
ting of acute RVI with successful reperfusion (even after 
prolonged ischemia) or after relief of acute pressure 
overload following successful lysis of pulmonary throm-
boemboli.

Intra-Aortic Balloon Pump
Use of an intra-aortic balloon pump (IABP) is known to 

improve cardiac hemodynamics by increasing coronary 
artery perfusion and reducing LV afterload. Its effect on 
RV function in cardiogenic shock is not as well character-
ized. In a series of 32 patients with shock due to acute IMI 
and RVI treated with IABP and revascularization of culprit 
right coronary artery occlusion, survival was 81%.18 IABP 
augmented mean systemic BP in all patients, imparting 

Figure 2.  Invasive hemodynamic tracings of a patient who was initially treated with a percu-

taneous LVAD for LV failure (A). The patient became hypotensive, and based largely on the 

invasive hemodynamic data, an Impella RP device was inserted (B), resulting in improved 

cardiac output and reduced right atrial pressure (C). PCW, pulmonary capillary wedge.

A B

C



32 CARDIAC INTERVENTIONS TODAY MARCH/APRIL 2018 VOL. 12, NO. 2

H E M O D Y N A M I C S

benefits to systemic perfusion in general and specifi-
cally to right coronary artery perfusion during and after 
revascularization, as well as to the left coronary system, 
a critical benefit in the setting of shock with multivessel 
coronary artery disease. In addition, because the failing 
right ventricle depends on the interventricular septum to 
maintain stroke volume, reducing LV afterload with IABP 
may indirectly improve RV performance. This may be 
especially important in patients with both RVI and con-
comitant LV dysfunction, which is associated with worse 
outcomes than in RVI with intact LV function.19

Direct Right Ventricular Support
Commercially available devices that directly unload 

the right ventricle include Impella RP (Abiomed, 
Inc.), TandemHeart (TandemLife), and ProtekDuo 
(TandemLife). Each of these devices pumps blood from 
the vena cava and/or right atrium (RA) and ejects it 
into the PA, thereby bypassing the RV. Acute hemody-
namic effects include reduction in right atrial pressure, 
increase in PA pressure, increase in left atrial pressure, 
and increase in cardiac output. Of note, when these 
devices are used in patients with biventricular failure, the 
increase in left atrial pressure may lead to pulmonary 
edema unless the additional LV preload can be offset by 
either diuresis/dialysis or direct LV unloading with an 
MCS device.

Impella RP is the only MCS device currently approved 
by the US Food and Drug Administration for the treat-
ment of acute RV failure. The device utilizes a single 23-F 

femoral venous access for insertion of a preshaped pigtail 
catheter that houses an axial flow pump. The inlet por-
tion of the catheter lies at the junction between the infe-
rior vena cava and RA, and the outflow portion lies in the 
main PA. The safety and efficacy of Impella RP has been 
demonstrated in patients with RV shock attributable to 
RVI, post-LVAD implantation, and postcardiotomy. The 
RECOVER-RIGHT study included 30 such patients with 
acute RV failure treated with Impella RP; 18 patients 
had acute RV failure complicating implantable LVAD 
implantation. In this cohort, survival to 30 days or hos-
pital discharge was 83.3%. In contrast, in the subset of 
patients treated with Impella RP for acute RV failure due 
to cardiotomy or acute MI, survival was 58.3%. The most 
common adverse events were bleeding and hemolysis.20

TandemHeart utilizes two 21-F cannulas inserted 
into either both femoral veins or one femoral vein and 
one internal jugular vein. The inflow cannula is placed 
in the RA, and the outflow cannula is placed in the PA. 
A centrifugal flow pump connects the two cannulas. The 
ProtekDuo incorporates the same centrifugal flow pump, 
but the inflow and outflow cannulas are combined 
into one double-lumen catheter that is inserted via the 
internal jugular vein. Both TandemHeart and ProtekDuo 
can be fitted with an oxygenator, which may be useful 
in the setting of RV failure with hypoxemia. The largest 
series reported outcomes of 46 patients treated with 
TandemHeart for a variety of indications.21 In-hospital 
mortality was 57% but was higher in patients with RV 
failure due to acute MI or post-LVAD implantation.

Figure 3.  Proposed algorithm for management of acute RV failure. PCI, percutaneous coronary intervention; PE, pulmonary 

embolism. 
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Indirect Right Ventricular Support
Venoarterial extracorporeal membrane oxygenation 

(VA-ECMO) utilizes a centrifugal pump to aspirate blood 
via a cannula inserted into the central venous circulation, 
pass it through a membrane oxygenator, and eject it 
into the central arterial circulation. Acute hemodynamic 
effects include reductions in both RV preload and RV 
cardiac output. Importantly, VA-ECMO also increases 
systemic arterial pressure and LV afterload. Particularly 
in the setting of biventricular failure, insertion of an 
additional MCS device or a left atrial/ventricular drain 
to unload the left ventricle may be necessary to prevent 
worsening LV failure and pulmonary edema. No clinical 
trials have been conducted to evaluate VA-ECMO for 
the treatment of acute RV failure, but the utility of this 
treatment strategy for a variety of clinical indications has 
been described in several case series.22-25

Biventricular Support
Although VA-ECMO “bypasses” both the left and right 

ventricles, it has limited utility in the treatment of biven-
tricular failure because the anticipated LV afterload will 
worsen LV hemodynamics without an additional MCS 
device to unload the LV. However, direct RV support 
devices in combination with either direct LV support 
devices (Impella, TandemHeart) or IABP have been used 
to successfully treat biventricular failure as a bridge to 
recovery, durable circulatory support, or cardiac surgery 
(Figure 2).26-31

CONCLUSION
Acute RV failure requires timely diagnosis, which is 

often guided by appropriate echocardiographic and inva-
sive hemodynamic data. Immediate resuscitative efforts 
should target optimization of RV preload, afterload, and 
contractility and revascularization as clinically indicated. 
The need for MCS is determined by the degree of target 
organ perfusion and response to noninvasive therapies 
(Figure 3). The choice of MCS device depends on device 
availability and expertise of the treating institution and 
operator. If RV failure is associated with impaired oxy-
genation, a device equipped with a membrane oxygen-
ator may be useful. n
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