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Abstract: Left ventricular support for the failing heart has evolved to include short-term and long-term

devices. These devices are implanted percutaneously and surgically. This manuscript provides a general

overview of the contemporary, typically practiced, implant techniques with additional insight on minimally

invasive approaches.
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Introduction

The use of mechanical circulatory support (MCS) has
increased as the technology and our surgical implant
techniques have improved and evolved. Today, there are
several options for both acute (short-term) and durable
(long-term) MCS to support the failing ventricle. The
etiology of the failing ventricle is broad. It may occur as
an isolated issue, such as in the case of acute coronary
syndromes, as an acute pathology that may recover, as in
a post-partum cardiomyopathy, or as part of an acute on
chronic decompensated heart failure picture. The variability
of each patient, their comorbidities, and potential long-
term implications of the initiation (or lack of initiation) of
MCS must be carefully considered and demand a thoughtful
evaluation. These technologies may be a bridge to
recovery (1), a bridge to decision, a bridge to durable
support, bridge to transplant (2), or destination therapy.
This article will discuss the generally accepted surgical
implantation techniques for either durable, or long-term
MSC. Short-term, acute MCS will be briefly mentioned.
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Acute or short-term left ventricular assist
devices (LVADs)

Percutaneous implants

Percutaneous implant techniques consists of an intra-
aortic balloon pump (IABP), the Abiomed Impella 2.5, 5.0,
and CP devices, the Thoratec PHP (currently undergoing
clinical trials) and the CardiacAssist Tandem Heart.

The TABP was first described in 1962 (3) and then used
clinically in 1968 (4) and is the predicate device for which
all other pumps are based. The IABP is easy to place at
the bedside or with fluoroscopy and allows for improved
coronary perfusion and afterload reduction. It has the
potential to be placed via the femoral or axillary artery,
either directly or through a conduit graft.

The Abiomed Impella 2.5 and CP devices (Abiomed
Inc., Danvers, MA, USA) are truly percutaneous left heart
pumps. The device is placed percutaneously via the femoral
artery and has the micro-axial blood pump sit across the
aortic valve (positioned under fluoroscopy). The variable
speed can be adjusted via a console (5). The Impella 5.0
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device has the potential of 5 liters of flow/minute (6,7)
though it needs to be placed through a conduit sewn to the
femoral or iliac artery (6-8).

The Cardiac Assist, Inc. TandemHeart (Pittsburgh, PA,
USA) is a percutaneously inserted drainage and outflow
catheter with an extracorporeal blood pump. The device is
place under fluoroscopy via the femoral vein with a trans-
septal puncture into the left atrium and across the left
ventricular outflow tract (9-14). Its use has some advantages
on providing antegrade flow and left ventricular unloading.

Surgically implanted LVADs

Surgically implanted blood pumps provide flow beyond
what the micro-axial pumps or IABP are able to provide.
They are more invasive and similarly more secure. They
consist of the pulsatile pumps [e.g., Abiomed BVS5000
or Thoratec PVAD (Paracorporeal Ventricular Assist
Device)] and centrifugal pumps (e.g., Thoratec Centrimag,
Medtronic Bio-Medicus Bio-Pump, or Maquet Rotaflow).
The BVS5000 is pneumatically controlled (15-17) as is the
PVAD. The centrifugal pumps are magnetically levitated
(5,18,19) or fixed upon an axle (20,21).

When used in the left ventricular configuration as a
ventricular assist device (VAD), there is a common outflow
insertion, the ascending aorta. The outflow cannula can be
either an adaptation of a standard aortic cannula used for
cardiopulmonary bypass or a cannula with a conduit graft
attached that is sewn to the ascending aorta. The inflow
drainage to the surgically implanted left VAD (LVAD)
s comes from either the pulmonary vein [typically the
right superior pulmonary vein is used (RSPV)] or the left
ventricular apex.

There are advantages and disadvantages of each drainage
approach. For the RSPV approach, the implant is rather
quick and expeditious. The patient typically does not need
cardiopulmonary bypass and the dissection can be limited.
The downside is that the cannula can be positional and
the left ventricle may not be decompressed as well as one
would like. For the drainage via the ventricular apex, a
cannula needs to be sewn to the LV apex. This can have
problems for hemostatis, cannula position, migration, and
often will mandate cardiopulmonary bypass, in the acutely
decompensating patient.

Durable or long-term LVADs

Durable LVADs are currently on their third generation of
pump implants. The second and third generation pumps
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are continuous flow, instead of pulsatile flow, At the current
time, the common axial pumps are: Thoratec HeartMate 11
(Pleasanton, CA, USA), HeartWare MVAD (Framingham,
MA, USA), ReliantHeart HeartAssist5 (Houston, TX,
USA), Jarvik 2000 FlowMaker (New York, NY, USA)
and Incor Berlin Heart (Berlin, Germany). The common
centrifugal pumps are the HeartWare HVAD (Framingham,
MA, USA), the Thoratec HeartMate III (Pleasanton, CA,
USA), and DuraHeart LVAS (Terumo, Tokyo, Japan). The
HeartMate II and HVAD are the largest implanting pumps
(22,23). The durable LVADs have been associated with
hemolysis, pump thrombosis, and neurologic events (24).
Refinement of surgical implant technique and the shared
care of these patients is likely to improve outcomes in these
ill patients (25). As one might expect, the failing heart can
be in the need of concomitant procedures. These varied
techniques are beyond the scope of this review (26,27).

General techniques and considerations

The most accepted approach to durable LVAD
technique involves the implantation being performed on
cardiopulmonary bypass with the heart beating. These
implant have been performed with aortic cross clamp,
cardioplegia and a non-beating heart as well as with
without the use of cardiopulmonary bypass with fibrillatory
arrest (28,29).

The securing of the inflow cannula to the LV apex can
be performed in two fashions, similar variations of the
required steps—cut then sew or sew then cut. In the cut
then sew approach, the LV apex is cored. Both approaches
are performed after appropriate anticoagulation. The
inflow graft is then secured to the LV apex with either
running or interrupted suture with or without pledgetted
sutures, depending on the implanter’s preference and the
quality of the heart muscle integrity. For the sew then
cut approach, the inflow graft is secured to the LV apex,
again with the suture and technique of choice, then the
LV apex is cored. After both steps are complete and any
papillary muscle or LV wall is removed from the inflow, the
pump is attached to the inflow-sewing ring and secure in
the approach appropriate to the pump (e.g., suture or tie
with the HeartMate II, set screw with HVAD, or clip with
HeartMate IIT).

The outflow graft is attached to the aorta. This is
typically attached to the ascending aorta just distal to
the sinotubular junction on the greater curvature. The
attachment can often be performed with a partial occlusion
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clamp, after appropriate anticoagulation. The outflow graft
is sewn after an aortotomy is made sharply with a small
gauge (4-0 or 5-0) non-absorbable monofilament suture.
The suture often benefits from tightening with nerve hooks
prior to tying.

In the patient with a highly calcified ascending aorta,
or in those undergoing alternative, less invasive implant
approaches, the outflow graft can be connected to the
descending thoracic aorta, in an approach akin to an apical-
aortic conduit. The centrifugal pumps appear to be more
flexible for alternative implant strategies.

Drivelines that provide pump power, control, and
communication are typically tunneled to the mid-clavicular
line 2-3 finger breaths below the costal margin. The
dermis is re-approximated and the driveline secured with
monofilament suture that is to remain until maximal
ingrowth into the driveline coating (typically velour).

With increasing frequency, alternative implant
techniques are being undertaken. These implant techniques
can be in order to minimize the surgical stress or because
of a hostile mediastinum in the patient with multiple
surgical procedures. These approaches can be an implant
that is performed via a left thoracotomy alone or with a left
thoracotomy coupled with a counter incision on the right
parasternal area and a right anterior thoracotomy or hemi-
median-sternotomy with tunneling of the outflow conduit
(29-32). The approaches will undoubtedly become more
commonplace as the pump profile becomes smaller and
more efficient.

Special considerations

Postoperative anticoagulation should be initiated as soon as
is clinically safe. In the percutaneous blood pumps, systemic
anticoagulation is required and this is often performed with
heparin to maintain a partial thromboplastin time (PTT) of
50-56 seconds (33-35) or ACT above 250 seconds. In the
durable LVAD population, a PTT of 60-80 is often used
(24,36,37) with the initiation of coumadin for long-term
anticoagulation early.

The pump pocket and the securing of the inflow cannula
so as not to induce obstruction of the inflow is becoming
increasingly realized as a significant contributor to the long
term function of the LVADS. Whether the pump in an intra-
pericardial pump, external to the pericardium or partially
inside, the pump needs to sit freely with axial alignment of
the inflow cannula with the mitral valve and LV cavity.

In general antibiotics consist of aggressive gram-positive

© Journal of Thoracic Disease. All rights reserved.

2099

coverage, gram-negative coverage, and antifungals for
48-72 hours after chest closure. Some centers routinely
employ leaving the chest open post LVAD to follow
bleeding and to not impart added stress that could continue
to right ventricular failure.

Right ventricular support is absolutely critical. There
are no good long-term options for durable right ventricular
assist device (RVAD). Maximizing RV performance by
appropriately adjusting the LVAD speed so as to not
completely decompress the LV, shift the septum and
uncouple the interventricular dependence is a nuanced
management. JABP can augment coronary perfusion to
aid in RV function. Additionally a “chemical” RVAD is
often employed. This can consist of appropriate RV pacing
rate (>90 BPM), milrinone, dobutamine, modest doses of
epinephrine, inhaled epoprostenol and/or inhaled nitric
oxide. A vigilant management style to follow the central
venous and pulmonary artery pressures is needed so as
to not volume overload the right ventricle—often these
patients have concomitant right ventricular failure or
pulmonary hypertension.

As with all surgical patients that are able, early
ambulation, physical therapy and occupational therapy are
critical to an expeditious perioperative recovery, both for
the acute and durable LVAD patients.

Summary

MCS has seen and is seeing an evolution of our LVAD
technology and our surgical technique. The devices and
indications for acute MCS are ever evolving. Similarly, as
our durable pumps become more miniaturized and require
less power, their utilization with increase and surgical
implantation trauma with decrease. The selection of the
pump, patient, and implant technique for acute and durable
MCS will remain a critical part of the surgeons’ care and
decision-making process as these technologies utilization
increases.
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