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Cardiovascular care has advanced greatly 
in recent years because of the evolution of 

pharmacological agents, interventional proce-
dures, cardiovascular devices, surgical proce-
dures, and management protocols. Modern 
therapy allows more patients to survive acute 
cardiac events, but the number of patients who 
are unresponsive to therapy and progress to 
cardiogenic shock is substantial. The mortality 
rate for this population ranges from 50% to 
70%.1,2 Cardiogenic shock refractory to maxi-
mal medical treatment is the leading cause of 
death for patients admitted to the hospital fol-
lowing myocardial infarction.3–5 Patients with 
acute decompensated chronic heart failure 
treated with conventional medical therapy are 
also at high risk of in-hospital death.6 Postcar-
diotomy shock occurs in up to 6% of all car-
diac surgery cases and carries a very poor 
survival rate even with the most advanced level 
of circulatory assistance.7–9 Unlike most other 

cardiovascular disorders, the incidence and 
mortality of acute heart failure with cardio-
genic shock have not improved for at least the 
past 3 decades.10 Consequently, ventricular 
assist devices (VADs), which can provide high 
levels of cardiac output support, are being used 
with increasing frequency. The expanded use of 
VADs is driving the introduction of this tech-
nology to more institutions that provide cardio-
vascular care, even those that do not offer 
cardiac transplantation.

Survival following cardiogenic shock 
requires restoration of cardiac output to a nor-
mal range before hypoperfusion causes irrevers-
ible end-organ failure.11,12 The intra-aortic 

ABSTRACT
Morbidity and mortality in patients with car-
diogenic shock remain high despite the recent 
advances in therapy. New temporary ventri-
cular assist devices (VADs) that are rapidly 
applied to normalize cardiac output in patients 
with severe heart failure are being used more 
frequently. Bridge to decision describes the 
temporary use of a VAD to stabilize critically ill 
patients until complete diagnostic tests are 
performed and decisions about more defini-
tive therapy are made. The CentriMag, Tandem-
Heart, and Impella VADs offer versatility for use 
in many patients and in multiple hospital set-

tings. These VADs provide continuous blood 
flow, altering the usual assessment of arterial 
blood pressure. Patients are usually immobi-
lized during support to prevent dislodgement 
of cannulas. Anticoagulation therapy is com-
monly required, and bleeding is a frequent 
complication. Infection prevention measures 
must be used to avoid septic complications. In 
the past 10 years, clinical experience with 
these devices has expanded, but they remain 
underused.
Keywords: bridge to decision, cardiogenic  
shock, ventricular assist device
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approaches are becoming more common. 
Contemporary VAD systems are designed 
to be biocompatible and reliable and to pro-
vide physiological flow rates. The new VAD 
systems can be applied in a timely manner 
with the availability of properly trained per-
sonnel. The temporary use of VADs for BTD 
allows recovery of organs damaged by low 
cardiac output and thorough assessment of 
neurological function.

After the need for VAD support has been 
identified, the optimal therapeutic strategy 
may be uncertain, and it may take several days 
to complete thorough multisystem assess-
ments. Some patients have the potential to 
recover cardiac function after varying dura-
tions of myocardial unloading. For those who 
do not have signs of cardiac recovery, long-
term VAD support or heart transplantation 
may be the only option for extended survival. 
Coronary revascularization or valvular repair 
may provide sufficient circulatory recovery 
and allow removal of VAD support. Stabiliza-
tion of hemodynamics and maintenance of sys-
temic perfusion with VAD support provide the 
time needed to optimize the patient’s condition 
and to plan therapy.

Indications for Short-term 
VAD Support
Acute heart failure with cardiogenic shock has 
many clinical presentations and causes that 
determine the course of therapy. Upon initial 
presentation of cardiogenic shock, it is usually 
not clear whether patients will recover cardiac 
function or whether they will require long-term 
LVAD support, transplant, revascularization, 
or other surgical procedures. The most com-
mon causes of cardiogenic shock are acute 
myocardial infarction, postcardiotomy failure, 
and decompensated chronic heart failure. 
Other less common causes include acute myo-
carditis, posttransplant rejection, peripartum 
cardiomyopathy, valve abnormalities, and con-
genital cardiac defects. 

After stabilization, the ideal treatment of 
acute myocardial infarction is prompt coronary 
revascularization, which can be done surgically 
or by percutaneous techniques.14 Patients who 
do not complete cardiopulmonary bypass wean-
ing and remain in a low cardiac output state 
may require time to recover from the surgery, or 
when there is a lack of recovery, they may 
become candidates for transplant or long-term 
VAD support. Patients with decompensated 

balloon pump (IABP) offers the advantage of 
rapid deployment in various hospital settings; 
however, the maximum amount of support is 
only 1.5 L/min, and most patients require 
higher levels of support. Adequate circulatory 
support may require the use of a VAD that has 
the capability to provide normal physiological 
flow rates and, when necessary, can be used for 
univentricular or biventricular support. The left 
ventricular assist device (LVAD) is used most 
often because left ventricular failure is common 
and results in failure to provide adequate sys-
temic circulation. In many cases of cardiogenic 
shock, a right ventricular assist device (RVAD) 
is needed along with an LVAD to provide ade-
quate systemic perfusion.13

Rapid hemodynamic stabilization with a 
VAD allows time for complete assessment of a 
patient’s recoverability or for planning defini-
tive therapy. The proper deployment of a tem-
porary VAD in patients with cardiogenic shock 
may reduce the mortality rate for this critically 
ill population. In this review, an overview of 
this technology is provided as VADs are being 
used with increased frequency in the intensive 
care unit. Emphasis is placed on management 
issues that can guide staff caring for this com-
plex patient population.

Bridge to Decision
In recent years, terminology that describes para-
digms of care for patients receiving VAD sup-
port has evolved. Bridge to decision (BTD) 
describes the temporary use of a VAD until deci-
sions about more definitive therapy are made or 
until a thorough assessment of cardiac recovery 
is made. A somewhat overlapping term is bridge 
to recovery, which is usually the immediate goal 
of VAD support. Patients who do not have 
recovery of cardiac function and have good 
neurological function may eventually undergo 
heart transplant, which results in a transition 
from BTD to bridge to transplant (BTT). Few 
patients undergo heart transplant while being 
supported by a short-term VAD because of the 
lengthy wait time for a suitable donor. There-
fore, one outcome of BTD is to transition the 
patient to a long-term LVAD to wait for a trans-
plant as an outpatient. The use of a short-term 
VAD followed by implantation of a long-term 
LVAD for BTT or destination therapy (DT) is 
referred to as bridge to bridge.

The use of temporary VADs for BTD is not 
new, but with the advent of newer and more 
reliable VAD technology, these therapeutic 
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and rehabilitation. Viable patients with ade-
quate end-organ function and poor cardiac 
function should be considered for a durable 
long-term LVAD implant for either BTT or DT. 
Because of the expense and extensive surgery 
associated with LVAD implantation, the risk/
benefit analysis must be considered carefully. 
Financial and social resources play a key role 
in the decision to proceed with BTT or DT. 
The need for and the availability of a caregiver, 
such as a family member, are crucial aspects of 
long-term LVAD support.

Right-sided heart failure necessitating RVAD 
support often follows elevated pulmonary vas-
cular resistance, which is reversible with pul-
monary vasodilators and mechanical support. 
In these cases, the goal is to provide support for 
only a few days until right ventricular function 
improves and pulmonary vascular resistance 
returns to an acceptable level.

Complications of Temporary 
VAD Support
Patients requiring temporary VAD support are 
susceptible to serious complications due to 
existing comorbidities and cardiogenic shock. 
Patients with decompensated chronic heart 
failure often have 1 or more comorbidities, 
such as hypertension, diabetes, vascular dis-
ease, and previous surgery. Hypoperfusion 
associated with cardiogenic shock results in 
multiple-organ dysfunction, which contributes 
greatly to the development of other serious 
complications such as bleeding and infection.

Most VAD-related complications are prevent-
able with careful attention by the critical care 
team. The most common complications during 
temporary VAD support are excessive bleeding, 
infection, right-sided heart failure, arrhythmias, 
device thrombosis, and hemolysis.20,25–27 Small 
patients or those with peripheral vascular dis-
ease are susceptible to the development of leg 
ischemia when femoral cannulation is used. 
Mechanical failure of the VAD is rare, but com-
plications may occur if devices are not properly 
assembled and operated.

Bleeding
Bleeding is a serious complication of temporary 
VAD support because it is common and can 
precipitate other complications.27 Patient-related 
comorbid conditions such as hepatic dysfunc-
tion, malnutrition, thrombocytopenia, and pre-
existing antiplatelet or anticoagulant therapy 
predispose patients to postoperative bleeding. 

chronic heart failure may respond to medical 
therapy, but long-term LVAD support as DT or 
as BTT is a likely approach. Acute myocarditis, 
posttransplant rejection, and peripartum cardio-
myopathy can resolve with a return of normal 
cardiac function following a few months of VAD 
support.15–18

Prompt restoration of adequate systemic per-
fusion is critical for survival following the onset 
of cardiogenic shock.19,20 Cardiogenic shock 
occurs when the arterial blood pressure is below 
90 mm Hg, the cardiac index is less than 2.2 L/
min/m2, the pulmonary capillary wedge pressure 
is greater than 15 mm Hg, and these conditions 
are sustained for more than 30 minutes.21 Some 
institutions further qualify this definition by 
requiring 2 or more high-dose inotropes with or 
without IABP support.22 The immediate goal of 
therapy is to restore cardiac output to avoid 
multiple-organ failure and reduce ventricular 
work by unloading the ventricle(s). Initial ther-
apy usually includes inotropes, vasopressors, 
volume correction, diuretics, anticoagulants, 
and IABP support. Once clinicians determine 
that a patient is not responding to this therapy, 
more aggressive therapy with VAD support is 
necessary for survival.23,24

The optimal outcome of temporary VAD 
support is recovery and successful device 
removal. Assessment of cardiac recovery is not 
standardized, and protocols vary among institu-
tions. Weaning from VAD support can take 
place when renal, hepatic, pulmonary, and neu-
rological functions are adequate, with minimal 
inotropic and ventilatory support and discon-
tinuation of dialysis. Ventricular assist device 
support is gradually decreased, while hemody-
namics, arterial blood gas levels, renal function, 
and neurological status are carefully monitored. 
Increasing anticoagulation therapy during VAD 
weaning is essential to avoid device thrombosis. 
Once patients are able to maintain acceptable 
hemodynamics and other organ function while 
on minimal VAD support, devices can be 
removed. Following VAD removal, meticulous 
monitoring must be continued until the patient 
remains stable for many hours.

For those patients who do not exhibit recov-
ery of cardiac function, other methods for pro-
longed circulatory support are necessary. 
Although heart transplantation is a potential 
option, the wait time is lengthy because of the 
severe shortage of donor organs. The majority 
of transplants after VAD support occur when 
patients have undergone substantial recovery 
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and reoperations, and the presence of multiple 
intravenous or intra-arterial catheters put  
these patients at very high risk of localized and 
septicemic infections. Endotracheal intubation, 
chest tube drains, urinary catheters, and dialy-
sis cannulas are common and add further to 
the infection risk.

Ventricular assist device cannulas or drive-
lines that exit the chest wall or abdomen are a 
frequent site of infection and are the leading 
cause of morbidity in long-term LVAD sup-
port.30,31 Strict adherence to infection-prevention 
measures is vital in this population.32

Right-sided Heart Failure
Development of right-sided heart failure during 
LVAD support is a great concern because of the 
associated high mortality rate.33–35 Worsening 
right-sided heart function is identified when 
LVAD flow decreases, the central venous and 
pulmonary artery pressures increase, and labo-
ratory values indicate deteriorating renal and 
hepatic function. Common causes of right-sided 
heart failure are fluid overload, increased pul-
monary vascular resistance, arrhythmias, and 
ischemia.36 Right-sided heart failure may 
develop when the LVAD is unloading the left 
ventricle, completely causing a shift of the intra-
ventricular septum to the left, thereby decreas-
ing the pumping effectiveness of the right 
ventricle. In addition, higher arterial flow from 
the LVAD increases blood return to the right 
side of the heart, causing further contractile dys-
function due to distention. 

The first-line therapy for right-sided heart 
failure, or as prophylaxis in those patients at 
high risk, consists of pulmonary vasodilators 
by intravenous administration or inhalation, 
such as prostacyclin or nitric oxide, and ino-
tropic medications, such as dobutamine and 
milrinone. Maintaining adequate ventilation is 
also carefully assessed to maintain normal gas 
exchange. Hypoxemia, hypercarbia, and aci-
dosis can increase pulmonary vascular resist-
ance and increase the workload on the right 
side of the heart. In patients who do not 
respond adequately to first-line therapy, 
implantation of an RVAD is necessary.

Hemodynamic Changes
The temporary VADs discussed later provide cir-
culatory assistance by pumping blood continu-
ously throughout the cardiac cycle. An 
understanding of the altered physiology of con-
tinuous-flow VADs is important for avoiding and 

Patients who have undergone cardiothoracic 
surgical procedures with cardiopulmonary 
bypass have the additional risk of postoperative 
bleeding complications. The bleeding risk is 
increased throughout VAD support because of 
the requirement for continuous anticoagulation 
therapy to prevent device thrombosis. Bleeding 
risk is also increased by exposure of the blood 
to the artificial surfaces of the VAD system.28,29 
In most cases, a continuous heparin infusion is 
used to maintain clotting times at least twice the 
normal rate. Alternative anticoagulants may be 
necessary when heparin-induced thrombocyto-
penia develops.

Bleeding related to VADs is avoidable by 
careful attention to the setup of the device and 
during the insertion of cannulas. All connec-
tions between the blood pump and cannula or 
connecting tubing must be meticulously made 
and then checked often to avoid any accidental 
disconnection. Peripheral cannulation sites are 
common sites of bleeding and should be regu-
larly inspected, especially when bulky dress-
ings cover the area. For VAD systems that have 
bedside extracorporeal pumps, careful atten-
tion must be given at all times to avoid acci-
dental disconnection of cannulas, tubing, and 
junctions at the blood pump.

Bleeding potential must be frequently assessed 
during VAD support by performing coagulo-
grams (prothrombin time, activated partial 
thromboplastin time, international normalized 
ratio, platelet count), and/or thromboelastogram 
(TEG). The TEG provides information on the 
overall ability of blood to maintain hemostasis. 
Thromboelastogram assesses the strength and 
elasticity of clots. Results of the TEG include the 
reaction time (R value) for the start of clot for-
mation, the time from R to when the clot is 20 
mm (K value), the angle of K, and the maximum 
amplitude. These 4 parameters are then used to 
calculate a coagulation index, which provides an 
assessment of blood coagulability. Many experi-
enced VAD centers use the TEG as the primary 
guide for anticoagulant and antiplatelet therapy. 
Blood product administration is important to 
avoid loss of volume and critical blood compo-
nents. Packed red blood cells, fresh-frozen 
plasma, and platelet transfusions are necessary 
in patients when significant bleeding develops.

Infection
Infectious complications are very common in 
patients receiving temporary VAD support. 
Multiorgan dysfunction, malnutrition, surgery 
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(Medtronic Inc, Minneapolis, Minnesota) or the 
Sarns Centrifugal System (Terumo Cardiovas-
cular Systems Corp, Ann Arbor, Michigan), are 
intended for use in cardiopulmonary bypass. 
The advantage of these devices is that they are 
readily available in many operating rooms and 
have been used extensively for postcardiotomy 
failure. An extracorporeal membrane oxygena-
tion (ECMO) system has historically been con-
structed from equipment and supplies used in 
cardiopulmonary bypass with a configuration 
for use outside the operating room. For the past 
3 decades, ECMO has been used primarily to 
support neonates and adults with respiratory 
distress syndrome and can be used to support  
patients with cardiogenic shock and severe 
hypoxemia.

The MAQUET ECMO (MAQUET Inc, 
Wayne, New Jersey) system is relatively new 
and has been used for a variety of indications, 
including temporary support in patients with 
cardiogenic shock.40,41 Pulsatile VADs of older 
design include the Thoratec VAD (Thoratec 
Corp, Pleasanton, California) and the Abiomed 
AB or BVS (Abiomed Inc, Danvers, Massachu-
setts) system. All 4 of these systems offer the 
capability of biventricular support, which is 
often necessary in patients with profound heart 
failure. The newer VAD systems that have been 
designed specifically for short-term use in 
patients with acute heart failure are the Cen-
triMag (Thoratec Corp, Pleasanton, Califor-
nia), the TandemHeart (CardiacAssist Inc, 
Pittsburgh, Pennsylvania), and the Impella 2.5 
and 5.0 (Abiomed Inc) systems, which are the 
focus of this article.

CentriMag
The CentriMag device is a small centrifugal-
flow blood pump that can produce blood flow 
in the range of 0 to 10 L/min (Figure 1). Blood 
flow is generated by rotation of a magnetically 
levitated impeller that is contained within a 
clear plastic housing. The rotation of the 
impeller within a magnetic field eliminates 
contact between components, resulting in fric-
tionless movement with no heat generation or 
wear of the moving component. The contact-
free frictionless impeller movement reduces or 
eliminates hemolysis and thrombosis. The 
pump is placed in a motor housing that pro-
vides the electromagnetic force for elevating 
and rotating the impeller. An ultrasonic flow 
probe is placed on the tubing for a continuous 
measurement of the blood flow rate. A console 

identifying complications during support.37 
Unlike the natural heart or pulsatile VADs in 
which blood flow is intermittent, continuous-
flow VADs pump blood during cardiac diastole.38 
The most obvious hemodynamic effect is 
decreased arterial pulse pressure, which may be 
low enough to have a flat pressure waveform. 
Appropriate interpretation of this altered arterial 
blood pressure is essential for management of 
vasodilator therapy. For example, sudden 
changes in the arterial pressure waveform may 
indicate improvements in cardiac function (ie, 
increased pulse pressure) or acute worsening of 
left ventricular function (decreased pulse pres-
sure). These observations may vary with the type 
of VAD and are described later.

Another important hemodynamic difference 
associated with continuous-flow VADs is the 
effect of preload and afterload on the amount 
of circulatory support. Unlike the pulsatile 
VADs, the amount of blood flow through a 
continuous-flow pump depends on the differen-
tial pressure across the pump. For LVAD sup-
port, the differential pressure equates to 
left-sided heart pressure and aortic pressure, 
and for an RVAD, it equates to right-sided heart 
and pulmonary artery pressures. Because of the 
continuous action of the rotating pump impel-
ler, a constant volume of blood is necessary to 
avoid negative pressure and atrial or ventricular 
collapse. Collapse of either chamber may result 
in total occlusion of the inflow cannula with 
loss of support. Arrhythmias (tachycardia, pre-
mature ventricular contractions, fibrillation) 
are common with left ventricle collapse.

The VAD afterload pressures (aorta for 
LVAD; pulmonary artery for RVAD) are 
important in determining the amount of sup-
port delivered by the device. High afterload 
pressures will decrease the amount of flow 
through the VAD; therefore, systemic and pul-
monary arterial hypertension must be avoided 
during support. Vasodilator therapy is com-
mon during temporary VAD support.

A complete understanding of the hemody-
namics related to continuous-flow VAD sup-
port is important for the entire critical care 
team. A separate article in this issue provides 
more detailed information on the physiology 
of continuous-flow VADs.39

VAD Systems for BTD
Several VAD systems have been used for short-
term support in patients with cardiogenic shock. 
Some of these devices, such as the Bio-Pump 
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controls the impeller’s rotational speed and dis-
plays the pump flow rate. The impeller speed 
may be adjusted from 800 rotations per minute 
to a maximum of 5500 rotations per minute. 
The console also provides alarms for low and 
high flow rates. Battery power is available for 
patient transport.

The CentriMag system is versatile and can 
support a variety of patients. The device is 
usually implanted through a sternotomy inci-
sion with or without cardiopulmonary bypass. 
Cannulation for this device depends on the 
size of the patient, the need for univentricular 
or biventricular support, and whether place-
ment is through an open chest or by percuta-
neous techniques. Smaller cannulas may be 
used to accommodate this device in small chil-
dren.42,43 The CentriMag has been adapted for 
use for ECMO as well by incorporating an 
oxygenator in the circuit. When placed 
through an open chest, left ventricular support 
is accomplished by inserting the inflow can-
nula into the left atrium or left ventricle, and 
the outflow cannula in the ascending aorta. 
For right ventricular support, the inflow can-
nula is placed in the right atrium and the out-
flow cannula in the main pulmonary artery 
(Figure 2). Percutaneous cannulation of the 
femoral vein and artery with incorporation of 
an oxygenator also has been used for ECMO 
support (Figure 3).44–46

The CentriMag system has been used exten-
sively in recent years for indications of myocar-
dial infarction with cardiogenic shock, 
postcardiotomy shock, right-sided heart failure 
following LVAD implant, rejection following 
transplant, and acute myocarditis.47–51 A recent 
clinical trial report on use of this device in 
patients with cardiogenic shock demonstrated 
low thromboembolic risk, good device reliability, 
and good hemodynamic support.52 The device 

has been used for a wide range of durations; 
average time of support was 13 days in the trial, 
but there are reports of patients supported for 
more than 3 months.53,54

Patient Care Implications
Although the CentriMag blood pump is 
nonthrombogenic, the combined artificial 
surface area of the pump, cannula, and tub-
ing is susceptible to thrombus formation. 
Also, the risk of thrombosis is increased in cir-
cumstances of low flow, such as hypovolemia, 
or during weaning of support. Anticoagula-
tion with low-dose heparin is normally given 
during support to maintain activated clotting 
time in the range of 160 to 180 seconds. In 

Figure 1: The CentriMag blood 
pump, the blood pump in the 
motor housing, and the bedside 
control console.
Reprinted with permission from 
Thoratec Corporation.

Figure 2: The common confi guration of cannulation 
for univentricular or biventricular support with the 
CentriMag device.
Abbreviations: Ao, aorta; LA, left atrium; LVAD, left 
ventricular assist device; PA, pulmonary artery; RA, 
right atrium; RVAD, right ventricular assist device.
Reprinted with permission from Thoratec Corporation.
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cases of heparin-induced thrombocytopenia, 
an alternative anticoagulant may be used, or 
in some cases, anticoagulation therapy may be 
withheld.

As is the case with all continuous-flow 
VADs, the patient’s arterial blood pressure is 
very different from that generated by the natu-
ral heart or pulsatile VADs. Patients with poor 
ventricular contractility and maximal ventricu-
lar unloading by the continuous-flow VAD will 
have a low pulse pressure (Figure 4). As ven-
tricular function improves and the ventricle 
generates more cardiac output, pulse pressure 
will increase. Monitoring the pulse pressure 
during the weaning process is a valuable tool 
in the assessment of the patient’s ability to 
maintain cardiac output.

Most patients who are being supported by 
the CentriMag device for short-term BTD will 
have cannulas exiting the chest wall, or, in rare 
cases, there is percutaneous cannulation at the 
femoral site. In either case, patients must 
remain immobile to avoid cannula dislodge-
ment or kinking. In cases in which support 
duration is expected to last more than a few 
days, secure cannulation that allows safe 
ambulation may be used.55,56

TandemHeart
The TandemHeart PTVA System (CardiacAssist 
Inc) uses percutaneous cannulation with an 
extracorporeal centrifugal-flow blood pump 
(Figure 5A). This LVAD pumps blood 

continuously from the left atrium to the femoral 
artery, using a unique cannulation system. 
Inflow cannula placement is normally per-
formed in the cardiac catheterization laboratory 
with fluoroscopic guidance or with trans-
esophageal echocardiography by personnel 
trained in these procedures. One disadvantage 
of the TandemHeart system is the need for 
expertise in transeptal procedures, which may 
not be performed in all cardiac catheterization 
laboratories. A 21-F polyurethane inflow can-
nula with an end hole and multiple side holes is 
passed from the femoral vein to the right atrium 
and across the atrial septum with the tip in the 
left atrium. The cannula tip must remain within 
the left atrium for proper support (Figure 5B). 
The outflow cannula (17 F) is inserted into the 
contralateral femoral artery, or 2 (15 F) cannu-
las connected to a Y connector are used, with 1 
in each femoral artery. The TandemHeart sys-
tem also has been adapted for RVAD use with 
placement of the inflow cannula in the right 
atrium and the outflow cannula in the pulmo-
nary artery.57 After the cannulas are placed, they 
are connected directly to the pump, which 
resides on the patient’s anterior thigh during 
support. Two control consoles are available: 
one is small and portable, and the other is on a 

Figure 3: Cannulas placed percutaneously into the 
femoral vein and femoral artery.

Figure 4: Arterial pressure waveforms during LVAD 
support with the CentriMag device. The top frame 
shows partial unloading of the left ventricle with a 
pulse pressure of 15 to 20 mm Hg and aortic valve 
opening (dicrotic notch) during 3 of the 5 cardiac 
cycles. The bottom frame shows increased left ven-
tricular unloading with a pulse pressure of less than 
10 mm Hg. No aortic valve opening is available.
Abbreviations: LV, left ventricle; LVAD, left ventricular 
assist device.
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wheeled cart that is placed at the bedside (Fig-
ure 6). The consoles provide power and control 
to the pump, monitor operation for proper 
function, and deliver a continuous flow of a 
heparinized solution to the interior of the pump.

The TandemHeart system uses an ultrasonic 
flow probe placed on the outflow tubing from the 
pump to measure device output. The pump flow 
rate is continuously displayed, and alarms provide 
audible and visible indicators if the flow falls out-
side the set range. Also displayed on the console 
are pump speed and purge fluid pressure. Alerts 

for low or high purge pressure are active during 
operation. Importantly, the system does not moni-
tor cannula position; however, if the inflow can-
nula tip becomes dislodged and inflow is 
deoxygenated blood, the blood may change from 
a bright red to a dark red color. Further assessment 
of a dislodged cannula is performed with chest 
radiograph, echocardiogram, and measurement of 
arterial blood gas levels. Repositioning of the 
device requires the expertise of a cardiologist 
trained in transeptal procedures and is performed 
in the cardiac catheterization laboratory.

Figure 6: The TandemHeart 
system includes 2 types of control 
consoles: one is mounted on a 
large base with wheels (left), and 
the other is small for portability and 
may be placed on a bedside table 
(right). 
Used with permission from 
CardiacAssist Inc.

Figure 5: A, The Tandem-
Heart system showing can-
nula placement in the femoral 
artery and vein with the pump 
placed on the patient’s thigh. 
B, A close-up illustration of 
the infl ow cannula placement 
across the atrial septum. 
Used with permission from 
CardiacAssist Inc.
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the cannulas at the entry site and to avoid dis-
lodgement of the inflow cannula from the left 
atrium. Dislodgement of the inflow cannula 
from the left atrium into the right atrium will 
result in an immediate loss of oxygen-rich 
blood flow to the systemic circulation. Instead, 
when dislodgement occurs, blood will flow 
from the right atrium to the femoral artery, 
causing a right-to-left shunt. Inflow cannula 
dislodgement is apparent when there is a sud-
den decrease in arterial oxygen saturation, 
which is usually easily detected by observing a 
change of the blood in the tubing from bright 
red to dark red. Other acute changes indicating 
the lack of support include increased heart rate 
and decreased blood pressure.

The incidence of persistent patent foramen 
ovale has been low and is usually not a serious 
problem.62 However, after removal of the 
device, patients should be carefully monitored 
for respiratory distress, and arterial blood gas 
levels should be checked to ensure adequate 
oxygenation.

The arterial blood pressure should be moni-
tored for changes in cardiac function over the 
duration of support. When myocardial recov-
ery occurs, the pulse pressure may increase, 
especially when VAD support is decreased. A 
test of recovery is to reduce the pump speed 
and observe for maintenance of adequate 
blood pressure and for changes in pulse pres-
sure while carefully assessing the patient’s abil-
ity to maintain cardiac output without an 
increased need for inotropic support. Weaning 
should take place when the patient is alert and 
support with mechanical ventilation and dialy-
sis are no longer needed.

Impella LP and LD Devices
The Impella Recover support system (Abiomed 
Inc) uses an axial-flow blood pump attached to 
a flexible cannula with a pigtail catheter tip 
(Figure 7). When in proper position, the pump 
portion of the device is in the ascending aorta 
with the cannula passed across the aortic valve, 
and the tip is within the left ventricle. Support 
is provided by the continuous aspiration of 
blood from the left ventricle into the aorta. 

The following 3 versions of the Impella 
device are used for left ventricular support: 
Impella LP 2.5, Impella LP 5.0, and Impella 
LD. The LP 2.5 device is intended for percuta-
neous insertion via the femoral artery. The 
12-F pump and cannula are passed retrograde 
through the aorta until the cannula tip reaches 

The primary indications for support with the 
TandemHeart device are cardiogenic shock and 
high-risk percutaneous coronary intervention.58 
This device also has been used for support dur-
ing cardiac operations and postcardiotomy fail-
ure.59 When used during chest procedures, direct 
cannulation with cannulas larger in diameter 
than the percutaneous versions can result in 
flow rates up to 8 L/min. A recently introduced 
larger percutaneous cannula is longer and has a 
greater diameter, which allows blood flow rates 
of up to 5 L/min when percutaneous cannula-
tion is used for large adults.

Randomized clinical trials that compared 
circulatory support and outcomes between the 
TandemHeart LVAD and the IABP demon-
strated that hemodynamic parameters are bet-
ter with TandemHeart support; however, the 
mortality rate at 30 days was not different.60 In 
the largest single-center experience using the 
TandemHeart device as a BTD in 117 patients 
with severe refractory cardiogenic shock or car-
diac arrest, the survival rate was 45% at 6 
months.61 This excellent survival rate in a popu-
lation that has a nearly 100% expected mortal-
ity without implantation of a VAD has not been 
accomplished with IABP support. The likely 
difference that affected survival between the 
randomized trial and the single-center experi-
ence was the timing of support initiation.

Patient Care Implications
Potential complications related to the Tandem-
Heart device include persistent patent foramen 
ovale after inflow cannula removal, dislodgement 
of the inflow cannula, limb ischemia from the 
femoral cannulation, and thromboembolism. As 
with all devices that penetrate the skin, infection 
at the cannula site is a possibility; strict sterile 
techniques for wound care should always be used. 
The need for anticoagulation precipitates bleed-
ing at the cannulation site.

The TandemHeart device requires continu-
ous infusion of a heparinized saline solution 
that functions as a coolant and lubricant for 
the seal between the rotating impeller and the 
blood chamber. The purge fluid with heparin 
prevents clot formation at the seal, and there is 
minimal systemic anticoagulation. The volume 
of the purge fluid bag that hangs on the side of 
the console must be assessed, and it should be 
replaced when low to avoid running the pump 
without the infusion.

During TandemHeart support, patients 
need to be immobilized to prevent damage to 
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the left ventricle (Figure 8). The maximum 
level of cardiac output support from this 
device is 2.5 L/min. The LP 5.0 version is 
larger (21 F) than the LP 2.5 device and can 

pump up to 5 L/min. Because of the large size 
of the LP 5.0, surgical cut down on the femo-
ral artery is required for insertion. Insertion 
of the pump from the femoral artery requires 
fluoroscopic guidance. The Impella LD pump 
is inserted directly into the left ventricle 
through a graft that is sewn onto the ascend-
ing aorta. The pump catheter is connected to 
a bedside control console that provides power 
and control for the implanted pump. The con-
sole monitors device function and provides 
alerts for abnormal conditions. Pressure 
transducers within the cannula allow continu-
ous monitoring of pressure on both sides of 
the aortic valve, which is used to verify the 
pump/cannula position. A continuous infu-
sion of a heparinized 20% dextrose solution 
is necessary to prevent blood from entering 
the motor. Systemic anticoagulation is not 
usually necessary. An internal battery pro-
vides power to the console for at least 1 hour 
for patient transport.

The Impella 2.5 device is intended for short-
term support of patients with acute heart 
failure and during high-risk percutaneous coro-
nary interventions. The most frequent indica-
tions for use have been postcardiotomy failure, 

Figure 8: The Impella 2.5 LP device inserted from 
the femoral artery and passed retrograde through 
the aorta and across the aortic valve. The blood inlet 
at the cannula tip is within the left ventricle, and the 
blood outlet is above the aortic valve in the ascend-
ing aorta. Used with permission from Abiomed.

Figure 7: The 3 variations of the Impella device: A, 
2.5 LP; B, 5.0 LP; and C, 5.0 LD. The catheter size 
and maximum fl ow rate are listed for each device. 
Used with permission from Abiomed.
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myocardial infarction with cardiogenic shock, 
acute myocarditis, posttransplant rejection, 
and decompensated chronic heart failure.63–67 
Large, multicenter, randomized, controlled 
clinical trials evaluating the Impella devices for 
the various indications have not been com-
pleted. A meta-analysis of studies in which the 
Impella devices are compared with the IABP for 
indication of cardiogenic shock showed that 
hemodynamics are better with the Impella, but 
30-day mortality is not better.68 Also, studies 
comparing Impella and IABP support for high-
risk interventions have not demonstrated supe-
riority of Impella support, although the device 
was safe and hemodynamics were adequate.69 A 
study of postcardiotomy support showed that 
patients with a native cardiac output of at least 
1 L/min had a survival rate of 90%, whereas 
patients with less than 1 L/min of cardiac out-
put had a survival rate of only 11%.70 Because 
of the limited amount of cardiac output sup-
port provided by the Impella devices, patients 
with severe cardiogenic shock and biventricular 
failure are better supported by devices that can 
provide higher levels of support.71

Contraindications for the use of LP devices 
include prosthetic aortic valve, calcified aortic 
valve, and peripheral vascular disease.

Patient Care Implications
Patients are immobilized during support with 
the Impella devices because of the femoral 
insertion site. The insertion site should be reg-
ularly inspected for bleeding and hematoma, 
because these patients normally receive a con-
tinuous heparin infusion. The head of the bed 
should not be raised more than 30�, and a knee 
immobilizer can be used to avoid kinking of 
the catheter at the insertion site. The catheter 
and purge tubing from the patient to the con-
sole should be carefully positioned, especially 
during turning and transporting the patient, to 
avoid dislodgement of the pump/cannula and 
disconnection from the console.

Because the Impella devices provide only left 
ventricular assist, worsening right-sided heart 
function may compromise support. Decreased 
Impella output and suction alarms may indicate 
right-sided heart failure or increased pulmonary 
vascular resistance. Other signs of right-sided 
heart failure are increased central venous and 
pulmonary artery pressures and worsening liver 
enzymes. Severe right-sided heart failure may 
require biventricular support.

The position of the Impella pump/cannula 
may change during support and should be fre-
quently assessed. Malposition of the pump/
cannula may involve the catheter being too far 
into the left ventricle or the cannula tip being 
in the aorta. When a malposition of the pump/
cannula occurs, there should be an alarm and a 
message on the console indicating the problem. 
Chest radiograph, echocardiogram, cardiac 
dysrhythmias, and pump performance may be 
used to assess for proper positioning. The inlet 
or tip of the cannula should be approximately 
4 cm below the aortic valve, and the pump 
outlet should be well above the aortic valve. 
When the cannula is too far into the left ventri-
cle, the cannula may be kinked or the inlet area 
occluded, both of which could cause decreased 
or absent support. Indications that the cannula 
is too far into the ventricle are (1) decreased 
diastolic pressure or widened pulse pressure 
from the pressure transducers in the cannula as 
observed on the console, (2) decreased pump 
flow, (3) premature ventricular contractions, 
or (4) decreased arterial blood pressure or wid-
ened arterial pulse pressure. Ideally, an 
echocardiogram is used to verify that the 
pump/cannula is too far into the ventricle, and 
the position is readjusted with echocardiogram 
guidance. If an echocardiogram is not readily 
available and the patient’s condition warrants 
prompt repositioning, the device is gradually 
pulled back until the diastolic pressure from 
the cannula transducer increases back to near 
baseline.

Suction within the left ventricle may occur 
when the pump speed exceeds the available 
blood volume. This condition may be detected 
by alarm messages or premature ventricular 
contractions. Suction may be caused by low 
volume in the left side of the heart because of 
worsening right-sided heart function, increased 
pulmonary vascular resistance, or an overall 
decreased blood volume. Also, the pump speed 
setting may be too high for a patient’s normal 
blood volume, as may occur more commonly 
in small patients. If the central venous and pul-
monary artery pressures and cardiac output 
are acceptable, the pump speed setting should 
be adjusted down until the suction events are 
resolved. Hemolysis may occur if the pump 
speed is set too high or the patient experiences 
suction events. Indications of excessive hemol-
ysis include red-tinged urine, low hemoglobin, 
and elevated lactic dehydrogenase. Measuring 
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United States. Minimizing the delay in restoring 
adequate circulation is essential for reducing 
mortality from cardiogenic shock.72 Establishing 
“hub and spoke” collaborations for the timely 
transfer of critical patients from smaller commu-
nity hospitals to academic centers has a positive 
impact on outcome.73–75 Accurate communica-
tions between referring physicians and heart fail-
ure team members are important for the success 
of the program.

Conclusion
The CentriMag, TandemHeart, and Impella 
VADs are useful for treating patients facing 
imminent death from cardiogenic shock or for 
providing temporary support during high-risk 
coronary intervention. Like other MCS sys-
tems, each device has advantages and disadvan-
tages, and a single ideal system does not exist. 
These new VAD systems can be applied rapidly, 
require only moderate-dose to low-dose antico-
agulation therapy, provide direct unloading of 
the ventricles, and deliver physiologically ade-
quate cardiac output.
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