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Recent technologic advances have resulted in the availability of percutaneous and minimally invasive surgical devices for temporary
mechanical circulatory support. These may be deployed rapidly without the requirement for sternotomy or cardiopulmonary bypass. In addition,
third generation implantable left ventricular assist devices have been compared with second generation devices in 2 recent randomized controlled
trials. The aim of this article is to provide a current review of the recent literature relating to left ventricular assist devices and mechanical
circulatory support.
& 2018 Elsevier Inc. All rights reserved.
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LOW CARDIAC OUTPUT SYNDROME (LCOS)
typically is defined as a combination of a cardiac index (CI)
o2.0 L/min/m2, systolic arterial pressure o90 mmHg, signs of
peripheral hypoperfusion, and an elevated lactate level in the
absence of hypovolemia.1 Mechanical circulatory support
(MCS) may be required for acute or chronic heart failure
refractory to maximal medical therapy (including cardiac
resynchronization therapy), cardiogenic shock, cardiac arrest,
and pulmonary embolism or to support high-risk procedures in
the cardiac catheterization laboratory (including percutaneous
coronary intervention [PCI] or arrhythmia ablation).2 Typical
etiologies include ischemic cardiomyopathy, postpartum cardi-
omyopathy, or viral myocarditis; however, postcardiac surgery
LCOS and pulmonary embolism are recognized indications.3

Recent advances have included a trend toward percutaneous
or minimally invasive implantation of devices for temporary
support, avoiding sternotomy and cardiopulmonary bypass
(CPB).4–6 This limits bleeding and allows for a fresh surgical
field for future implantation of a long-term device or heart
transplantation. The overall aim of MCS is to provide a bridge
to recovery, decision, transplantation, or destination therapy
(Fig 1).7,8 Contraindications for left ventricular assist device
are summarized in Table 1.

Interagency Registry for Mechanically Assisted
Circulatory Support Profile

The Interagency Registry for Mechanically Assisted Circu-
latory Support (INTERMACS) classification provides a useful
method to distinguish various grades of New York Heart
Association (NYHA) class III and IV patients and to identify
outcomes of patients requiring MCS9; however, some hetero-
geneity exists in the allocation of the INTERMACS profile and
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modifiers.10 The lower the INTERMACS profile, the more
severe the heart failure and the more urgent the requirement
for MCS. Typically, patients assigned to profile 1 and 2 require
acute intervention with percutaneous short-term MCS as a
bridge to decision, whereas patients who are designated
INTERMACS profiles 3 to 6 may be best served with a
planned implantable left ventricular assist device (LVAD).
Temporary MCS before implantable LVAD placement may
improve outcome.11 Current estimates of long-term survival
with continuous-flow LVADs from INTERMACS registry
data are 80% at 1 year and 70% at 2 years (Table 2).12

Percutaneous and Minimally Invasive Devices for
Short-Term Support

The objective of MCS is to provide coronary, cerebral, and
systemic perfusion with effective left ventricular (LV) decom-
pression. Newer devices for short-term MCS have become
available that are designed for rapid placement, either percu-
taneously or with a minimally invasive surgical technique,
avoiding the need for sternotomy or CPB.13–16 Relative
contraindications for percutaneous techniques are predictable,

related to the catheter-based approach,6,15,16 and may include
the following:

� Moderate or severe aortic stenosis or the presence of a
mechanical aortic valve prosthesis in-situ (transcatheter
techniques crossing the aortic valve contraindicated)

� Moderate or severe aortic regurgitation (significant back-
flow and recirculation, with poor forward flow and LV
distention)

� Severe peripheral vascular disease (difficult percutaneous
arterial puncture and risk of limb ischemia)

� Intracardiac shunt (risk of right-to-left shunt with
hypoxemia)

� Intracardiac thrombus or vegetations (risk of systemic
embolism)

� Cardiac rupture and tamponade (requires emergency car-
diac surgery)

The hemodynamic effects of the different devices may be
summarized as the following4,16:

� All percutaneous LVADs result in significantly greater aug-
mentation of forward flow, mean arterial pressure (MAP),
coronary perfusion, and LV decompression compared with
intra-aortic balloon pump (IABP) counterpulsation

� LV afterload is increased by veno-arterial extracorporeal
membrane oxygenation (VA-ECMO) and the TandemHeart
(TademLife, Pittsburgh, PA) LVAD

� LV afterload is reduced by IABP

Percutaneous femoral VA-ECMO typically is instituted for
emergency MCS, including cardiac arrest, or emergencies in the
cardiac catheterization laboratory. In postcardiotomy LCOS
refractory to inotropic support and IABP counterpulsation,
femoral VA-ECMO via a percutaneous or minimally invasive
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Fig 1. A decision tree for mechanical circulatory support. BIVAD, biventricular assist device; BTT, bridge to transplantation; CS, cardiogenic shock; DT,
destination therapy; HF, heart failure; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; MCS, mechanical circulatory support; PCI,
percutaneous coronary intervention; RVAD, right ventricular assist device; VA-ECMO, venoarterial extracorporeal membrane oxygenation.

Table 1
Contraindications for Left Ventricular Assist Device.

Contraindication Comments

Thrombus in LA or LV Risk of cerebral, coronary, or systemic
embolism

Moderate to severe AR Recirculation in LV with poor antegrade
flow

Atrial or ventricular septal defect Risk of right-to-left shunt and hypoxia
Mitral stenosis Poor inflow

Abbreviations: AR, aortic regurgitation; LA, left atrium; LV, left ventricle.
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