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HEART FAILURE TREATMENT 
With the Left Ventricular Assist Device

The prevalence of chronic heart 
failure is increasing in the United 
States due to the increase in the 
number of older adults and be-
cause many people are surviving 
acute cardiac events and living 
longer with chronic heart disease. 
In end-stage heart failure, heart 
transplant was once the gold stan-
dard of treatment and patients had 
to wait for a matching heart donor. 
In the past, the left ventricular assist 
device (LVAD) was a mechanical 
circulatory support treatment used 
temporarily for those awaiting heart 
transplant. However, the LVAD is 
increasingly becoming the chosen 
treatment of patients in lieu of heart 
transplant. Home healthcare nurses 
and clinicians need to be familiar 
with LVADs in order to care for pa-
tients in end-stage heart failure who 
are using these devices. This article 
explains the mechanism, potential 
complications, and nursing implica-
tions of caring for the patient who 
is using an LVAD.
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ness of breath and fatigue. Stage D is the category 
for those who have end-stage HF and marked 
symptoms at rest despite maximal medical ther-
apy (Jessup et al., 2009; Yancy et al., 2013).

In stage D, specialized intervention and treat-
ment are required including options of compas-
sionate end-of-life care/hospice, heart transplant, 
permanent mechanical support, experimental 
surgery, or drugs (Becnel et al., 2017). Heart 
transplant is the gold standard for treatment of 
end-stage HF; however, many sufferers wait 
months to years for a matching donor organ 
 (Scientific Registry of Transplant Recipients, 
n.d.). The left ventricular assist device is an in-
creasingly used option for patients in Stage D HF 
to prolong life in lieu of heart transplant.

Indications for a Left Ventricular 
Assist Device
In 1994, the ventricular assist device was ap-
proved as a temporary method to support cardiac 
function until cardiac transplantation could be 
completed. Ventricular assist devices were mainly 
used as a bridge to cardiac transplant for patients 
awaiting a donor heart. Ventricular assist devices 
are available as right ventricular, biventricular, or 
left ventricular assist devices (LVAD). The LVAD 
has become the most commonly implanted device 
to support patient cardiac function and circula-
tion while awaiting transplant (Blair, 2018). Sajga-
lik et al. (2016) reported that among end-stage HF 
patients, those on LVADs showed a 48% reduction 
in death rate compared with similar patients on 
medical therapy alone.

Because of their success, LVAD use has ex-
panded to now include “destination therapy.” 
Destination therapy indicates that LVADs are ap-
proved for primary therapy in patients with end-
stage HF as a final means of prolonging life 
(Starrh & Becker, 2018). Destination therapy, or 
the use of LVAD support until end of life, is the 
fastest growing use of LVAD therapy and the most 

H
eart failure (HF) is a chronic disease with 
progressive deterioration occurring 
over years or decades. It is currently a 
public health problem that can be 

viewed as an epidemic affecting 5.8 million persons 
in the United States and 30 million persons world-
wide. Every year 550,000 individuals are diagnosed 
with HF and there is a 1 in 5 lifetime ri sk of develop-
ing this chronic syndrome (Centers for Disease 
Control and Prevention, n.d.). The rising incidence 
of HF is due to increased survival after cardiac in-
sults such as myocardial infarction, life-sustaining 
medical treatment of cardiovascular (CV) dis-
orders, and the aging of the population (Liu & 
Eisen, 2014). People are increasingly surviving into 
old age after CV interventions such as coronary 
angioplasty, stent placement, and coronary artery 
bypass grafts. In contrast to other forms of CV dis-
ease such as myocardial infarction and coronary 
artery disease which are decreasing, the incidence, 
prevalence, and mortality from HF are  increasing 
(Mozaffarian et al., 2016). By 2030, it is estimated 
there will be at least a 25% increase in prevalence of 
HF (Raj & Adhyaru, 2016).

The most common diagnosis in hospitalized 
 patients over age 65 is HF (van Riet et al., 2014). 
Despite advances in therapy and management, HF 
is responsible for high rates of hospitalization, 
 readmission rates, and mortality; nearly 40% of pa-
tients die within 1 year of their first hospitalization 
(DeVore et al., 2014). HF costs the nation an esti-
mated $30.7 billion each year. This includes the 
cost of healthcare services, medications to treat HF, 
and missed days of work (Heidenreich et al., 2011).

Stages of HF
The American College of Cardiology and American 
Heart Association have developed a conceptual 
framework to help healthcare professionals un-
derstand the continuum of disease progression in 
four stages. Stage A is diagnosed in those who are 
at high risk for HF but without structural heart 
disease or symptoms of HF, such as patients with 
hypertension, atherosclerosis disease, or diabetes 
mellitus. Stage B includes those who have struc-
tural heart disease but without signs or symptoms 
of HF, such as patients with myocardial infarction 
and left ventricular remodeling. These patients 
have never had an episode of symptomatic HF. 
Stage C includes those who have structural heart 
disease with prior or current symptoms of HF, 
such as known structural heart disease and short-

Destination therapy, or the use of left 
ventricular assist device (LVAD) support 
until end of life, is the fastest growing use 
of LVAD therapy and the most common 
reason for implantation in recent years.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



192 Volume 37  |  Number 4   www.homehealthcarenow.org

cardiac output in liters per minute. Pulsatile index 
is related to the amount of ventricular contractil-
ity and ventricular filling of the patient’s heart. 
Pump power is the power needed by the pump to 
run at the right speed. The pump power is a mea-
sure of voltage and current power consumption 
of the pump. A change in speed, flow, or physio-
logic demand can affect power (Birati & Rame, 
2014; Chmielinski & Koons, 2017).

Parameters are displayed on a controller worn 
on a belt by the patient. The parameters should 
only be manipulated by a specialist LVAD health-
care provider who is familiar with the device and 
the patient’s clinical picture. The LVAD controller 
regulates power, monitors LVAD performance, and 
collects data on system operation. The controller 
sends power and operating signals through the 
driveline. The driveline is connected to the pump 
on one end, exits the patient’s body at the chest or 
abdomen region, and connects to the external 
controller on the other end (Birati & Rame, 2014). 
LVADs are highly dependent on adequate preload 
which is the volume of blood in the left ventricle. 
A reduction in preload is caused by hypovolemia 
which can be due to dehydration, overdiuresis, 
bleeding, or right ventricular dysfunction (Starrh 
& Becker, 2018).

Diagnostic Testing Prior to 
Implantation of LVAD
There are many preliminary diagnostic tests 
needed before the implantation of an LVAD. The 
patient has to be diagnosed with end-stage HF 
which is refractory to medical management. The 
patient has to be in need of a cardiac transplant or 
LVAD for circulatory support to sustain life. The 
biomarkers B-type natriuretic peptide (BNP) or 
NT-proBNP, which are indicators of HF, should be 
elevated (Bowers, 2013). Patients can also be eli-
gible for LVAD if their blood type or body size, or 
age makes them ineligible for a cardiac transplant, 
or if the wait for a donor organ will be prolonged 
(Sajgalik et al., 2016).

There are many criteria for eligibility of place-
ment of an LVAD. Increased age, comorbidities, and 
fragility increase risk for complications. Patients 
who have cancer, active infections, or history of 
bleeding disorders may be ineligible for implanta-
tion of LVAD. Nutritional status is also an important 
consideration. Obesity does not prohibit implanta-
tion of LVAD, but patients are advised to lose 
weight for best results (Sajgalik et al., 2016).

common reason for implantation in recent years 
(INTERMACS, 2018). LVADs are now approved for 
use in three different clinical conditions:
 • bridge to cardiac transplant;
 • bridge to recovery in potentially reversible 

cardiac pathology;
 • destination therapy, long-term support for 

patients ineligible for transplant.

There have been 25,114 mechanical circulatory 
support devices placed between 2006 and 2018, 
with a current pace of over 2,500 devices im-
planted per year (INTERMACS, 2018). As patients 
implanted with LVADs become more numerous 
and live longer, nurses in home care will likely en-
counter and care for a patient with an LVAD.

The Mechanism of an LVAD
There are two categories of LVAD devices, pulsatile 
and continuous flow devices. The first generation 
of LVAD devices were mainly pulsatile, creating 
intermittent arterial pulses of blood flow that 
mimicked systole and diastole. Most devices im-
planted now are continuous flow devices due to 
better portability, lower rate of complications, and 
the longer life span of this device. These devices 
provide continuous blood flow at a set speed. The 
HeartWare and the Heart Mate II models are cur-
rently the FDA-approved and most commonly 
used LVADs (Starrh & Becker, 2018). All LVADs 
consist of an inflow cannula that takes blood from 
the apex of the heart in the left ventricle, enters 
the LVAD pump, and pushes blood through an 
outflow cannula in the aorta, right above the aor-
tic valve and out through the body. Continuous 
flow devices push blood through the heart con-
tinuously with a rotor, providing a steady stream 
of blood flow out of the heart into the aorta 
(O’Shea et al., 2013).

Parameters to Monitor
Important values that need to be monitored on a 
continuous-flow LVAD are pump speed, pump 
flow, pulsatile index, and pump power. The pump 
speed is a fixed number, set by the LVAD team, 
which measures how fast the rotor of the pump 
spins. The speed is determined by hemodynamic 
and echocardiographic measurements and is set 
in revolutions per minute. The pump flow is an 
approximation of the blood flow through the 
LVAD, estimated based on pump speed and power. 
The pump flow is representative of the patient’s 
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appropriate antibiotics and may require long-
term suppressive antibiotic therapy. Fluid resus-
citation is also required as the LVAD is highly de-
pendent on adequate ventricular filling volume to 
prevent hypovolemia (Topkara et al., 2010).

Gastrointestinal Bleeding
The use of anticoagulation and antiplatelet ther-
apy increases risk of bleeding, particularly in the 
gastrointestinal tract and brain. Also, chronic anti-
coagulation can lead to platelet dysfunction or 
acquired Von Willebrand disease. There is also an 
increased prevalence of arteriovenous malforma-
tions in patients with LVADs. The exact mecha-
nism is unknown, although it is theorized that 
blood vessels undergo remodeling under the influ-
ence of abnormal continuous blood flow created 
by the LVAD (Demirozu et al., 2011). Patients may 
report black stool, incontinence due to blood in 
stool, or mental status changes. In severe cases, 
patients will demonstrate hypotension, hypovole-
mic shock, and rectal bleeding. Patients may re-
port LVAD alarm signals related to hypovolemia 
such as high power, low flow, or low pulsatile 
index (Harvey et al., 2014).

Stroke
Patients with LVADs are at increased risk for both 
ischemic and hemorrhagic stroke. Acute ischemic 
strokes result from thromboembolic events due to 
pump thrombosis, subtherapeutic anticoagula-
tion, or a prothrombotic state associated with 
 activation of the immune system. Because throm-
bosis is associated with LVADs, a clot can form 
and be ejected out of the outflow tract into the 
aorta and travel up to the brain. Alternatively, 
 patients on long-term anticoagulation are at in-
creased risk for hemorrhagic stroke (Parikh et al., 
2016). The INR for therapeutic anticoagulation 
should ideally be maintained between 1.5 and 2.5. 
Hemorrhagic stroke can occur in these patients 
due to hemorrhagic transformation of an ischemic 
stroke, overanticoagulation, or infection.

Right HF
After LVAD implantation, there is increased output 
from the left ventricle that can lead to right 
 ventricle failure (RVF) (Birati & Rame, 2014). The 
patient may exhibit jugular vein distension, asci-
tes, hepatic congestion, and/or peripheral edema. 
An echocardiogram and laboratory testing for 
liver enzymes are indicated if RVF is suspected 

Evaluation of eligible patients includes echo-
cardiogram, left and right heart catheterization, 
pulmonary function tests, computed tomographic 
(CT) scan, and blood tests. Patients need a whole 
team of professionals to care for them, and a 
strong support system at home is essential. The 
patient also needs to be motivated to make life-
style changes that accompany living with an LVAD 
(Blair, 2018).

Potential Complications Associated 
With LVAD
Thrombosis
Patients with LVADs have an increased risk of 
thrombosis because the LVAD is foreign material 
in constant contact with the bloodstream. Pa-
tients are maintained on anticoagulation (usually 
warfarin) and antiplatelet therapy (usually aspi-
rin) (Nicholson & Kaakeh, 2018). The international 
normalized ratio (INR) goal is between 1.5 and 2.5 
(Eckman & John, 2012). Patients who develop a 
thrombus may present with signs of HF. Also be-
cause of shear forces inside the LVAD motor, signs 
of hemolysis may be apparent. The LVAD has an 
alarm that sounds when increased resistance is 
sensed within the circuit (Jennings & Weeks, 
2015). Echocardiogram and CT scan can be used 
to confirm the presence of a thrombus. Serial lac-
tate dehydrogenase measurements are monitored 
in the patient as this lab test can indicate the for-
mation of a thrombus prior to symptoms. In the 
case of thrombosis, additional medical treatment 
such as heparin, glycoprotein 2b/3a antagonists, 
or tissue plasminogen activator may be necessary 
(Baumannn Kreuziger et al., 2015).

Infection
The current LVAD design is not a completely 
closed system as there is an open driveline exit. 
Trauma to this percutaneous exit site is a com-
mon cause for infection (Schaffer et al., 2011). The 
patient may have a variety of symptoms depend-
ing on the severity of the infection. The driveline 
exit site may demonstrate purulent drainage or 
abscess. The patient’s condition can rapidly prog-
ress to sepsis and/or shock (Nienaber et al., 
2013). Treatment involves establishing hemody-
namic stability. Blood culture and imaging tests 
are necessary to evaluate for internal abscess or 
vegetation in or around the device. Common 
pathogens include Staphylococcus, Pseudomonas, 
and Candida. The patient should be treated with 
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team who access to the data coming from the de-
vice. LVAD teams are typically made up of cardiac 
surgeons, cardiologists, and nurses who specialize 
in caring for these patients. The LVAD team will 
notify the local emergency department and first 
responders when the patient is discharged. It is 
wise for the patient to also make contact with local 
first responders to inquire about the availability of 
back-up generators in times of power outages.

Physical examination of the patient with an 
LVAD is similar to assessment of a patient without 
a LVAD with a few exceptions. Nonpulsatile LVADs 
provide continuous blood flow so patients have a 
weak or absent palpable pulse. This can cause dif-
ficulty obtaining a blood pressure with a tradi-
tional cuff. A Doppler blood pressure device can 
be used to verify arterial blood flow in the ex-
tremities (Birati & Rame, 2014). Because of the 
sounds of the LVAD, auscultating heart and lung 
sounds can be difficult. To listen to breath sounds, 
posterior auscultation is recommended for accu-
rate assessment. An LVAD hum can be heard ante-
riorly, which is consistent with normal function of 
the device. Sounds that are harsh, grating, or vari-
able in quality can be indicative of a complication 
such as LVAD clotting (Starrh & Becker, 2018).

Prevention, Assessment, and Treatment of 
Infection
A significant cause of morbidity and mortality in 
patients with an LVAD is infection. The percutane-
ous driveline is the most common site of infection 
as it acts as a port of entry where pathogens can 
enter and travel deeper into tissues (Angud, 2015). 
Patients should not shower until instructed by 
their surgeon. Typically, driveline infections pres-
ent with signs of exit-site cellulitis, such as spread-
ing erythema and warmth. Sterile technique 
should always be used when performing LVAD site 
care. Initially, the frequency of dressing changes is 
determined by the LVAD providers; dressing 
changes are usually done daily, then decreased in 
frequency to every other day. The patient or care-
giver should be instructed on sterile technique 
and the home care clinician should observe the 
caregiver or patient complete the dressing change 
to ensure their correct understanding of the pro-
cedure. If a driveline infection is suspected, the 
dressing changes are increased to daily ( Chmielinski 
& Koons, 2017). Culture of the driveline site is 
necessary. Either oral or intravenous antibiotic 
therapy will be started depending on the severity 

(Turner, 2019). It can be treated with diuretics and 
modification of LVAD parameters. In severe cases, 
mechanical support of the right ventricle may be 
required with a biventricular assist device.

Ventricular Dysrhythmias
LVAD-induced ventricular dysrhythmias can occur 
if the patient has a preload deficiency with de-
creased filling of the left ventricle due to hypovole-
mia. With diminished left ventricular filling, the in-
flow cannula can become drawn down into the 
cardiac ventricular tissue. The cannula’s contact 
with the cardiac tissue can irritate the area and 
trigger a ventricular dysrhythmia. These dysrhyth-
mias tend to be short and are repeated until the 
hypovolemia is corrected. Common causes of hy-
povolemia and preload deficiency include sepsis, 
hemorrhage, and right ventricular failure (Pedretti 
et al., 2017). Ventricular dysrhythmias can lead to 
cardiac arrest. Advanced cardiac life support mea-
sures that include chest compressions can be used 
in patients with LVADs.

Implications for Home Care Clinicians
To provide care to these patients, clinicians need 
to be able to properly assess patients with the 
LVADs, understand basic LVAD technology, and 
recognize potential complications. Patients with 
an LVAD are instructed on how their device oper-
ates while in the hospital. They are discharged 
from the hospital to independently manage their 
health with the device at home, but they should 
have a solid plan for 24-hour caregiver support in 
place. They will be closely monitored by an LVAD 
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The use of anticoagulation and antiplatelet 
therapy increases risk of bleeding, particularly 

in the gastrointestinal tract and brain.
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Dysrhythmias
Patients with an LVAD are at high risk for atrial and 
ventricular dysrhythmias. The incidence of ven-
tricular dysrhythmias among patients with an 
LVAD ranges from 22% to 52% (Cesario et al., 2011). 
Patients with sustained ventricular tachycardia 
may present with feelings of palpitations, chest 
pain, fatigue, or nausea (Starrh & Becker, 2018). 
Management of atrial dysrhythmias in patients 
with an LVAD is similar to patients without an LVAD. 
For rate control, beta-blockers are preferred. If beta-
blockers are not well tolerated, amiodarone is pre-
ferred for atrial dysrhythmias (Chmielinski & Koons, 
2017). Most patients with an LVAD have an im-
plantable cardioverter defibrillator (ICD). The ICD 
may terminate the ventricular dysrhythmias with 
antitachycardia pacing or internal shocks (Cesario 
et al.). If patients have received internal shocks, 
they may develop anxiety due to a catecholamine 
surge that occurs with defibrillation. This can pre-
dispose the patient to additional episodes of ven-
tricular tachycardia (Chmielinski & Koons).

Stroke
Patients with an LVAD are at increased risk for isch-
emic and hemorrhagic strokes (Cho et al., 2017). 
Patients and caregivers should be taught “FAST,” the 
mnemonic used to remember the signs of a stroke: 
Facial drooping, Arm weakness, Speech difficulties, 
and Time to call 9-1-1. If a patient presents with signs 
or symptoms of stroke, they should present to the 
emergency department for an immediate CT scan to 
determine type of stroke. Note that patients with 
LVADs cannot undergo magnetic resonance imaging 
due to the metal components of the VAD.

Critical Alarms
Healthcare providers caring for patients with 
LVADs should understand critical alarms that can 
sound. Critical alarms are most commonly due to 
pump failure, low battery, controller failure, or low 
flow (Sen et al., 2016). In the case of pump failure, 
potential causes include driveline disconnection 
or breakage, electrical failure, or connector mal-
function. Assess the connection from the driveline, 
controller, and power source. For a low battery 
alarm, ensure that the LVAD is connected to either 
battery or AC power. Make sure the battery char-
ger is plugged in and at least two backup batteries 
are charging. To correct controller failure, the con-
troller must be changed. Patients should have a 
spare controller that is preprogrammed and LVAD 

of the infection. Daily sterile dressing changes 
using chlorhexidine has been reported in the lit-
erature (Angud, 2015). The driveline should be 
stabilized with an abdominal binder to minimize 
disruption of the driveline exit site and the site 
should be kept dry (Nienaber et al., 2013). If pa-
tients have erythema, purulent drainage, or a 
temperature above 100.4° F (38° C), they should 
notify their LVAD center and go to the nearest hos-
pital as directed. Many LVAD teams ask patients to 
take a photo of their driveline site and send it to 
them to evaluate and determine the severity of the 
infection (Chmielinski & Koons).

If a serious infection is suspected, patients des-
ignated as bridge to transplant should be trans-
ferred to a transplant center because an infection 
can elevate a patient’s status on the transplant 
waiting list. Deep driveline infections may require 
prolonged intravenous antimicrobial therapy in 
conjunction with possible debridement and 
wound vacuum-assisted closure therapy or pump 
replacement (Angud, 2015). There is risk of the 
pathogen developing antibiotic resistance. In 
some cases, the infection can become refractory 
to the antibiotic. In these cases, the LVAD will have 
to be removed. Infection can quickly progress to 
sepsis and septic shock. Management of these 
patients is similar to patients without LVADs. The 
heart is supported by the LVAD; therefore, intrave-
nous fluids can be administered and are usually 
well tolerated because the device provides the 
pumping action (Starrh & Becker, 2018). However, 
patients with LVAD can develop right HF, so fluid 
infusion should be done with caution. Volume 
overload can occur (Topkara et al., 2010).

Gastrointestinal Bleeding
Gastrointestinal (GI) bleeding is the most common 
adverse event and a frequent cause for early post-
transplant hospital readmission in LVAD patients. 
Studies show that 15% to 61% of the patients de-
velop GI hemorrhage after LVAD implantation 
(Gurvits & Frakov, 2017). Management of patients 
with GI bleeding consists of reversing anticoagula-
tion and treating hypovolemia with fluids and 
blood products. However, transfusion should be 
avoided if possible in patients awaiting transplant. 
A blood transfusion can sensitize the patient and 
cause antibody formation that will complicate 
successful cardiac transplantation (Baumann 
Kreuziger et al., 2015). Anticoagulation can be re-
versed with fresh frozen plasma and vitamin K.
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coordinators can offer directions (Chmielinski & 
Koons, 2017). A low-flow alarm may occur due to 
hypovolemia, bleeding, tamponade, RVF, hyperten-
sion, or cannula obstruction (Sen et al.). In the 
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