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Introduction
Between 2006 and 2013, over 9,000 con-
tinuous flow left ventricular assist devices 
(LVADs) were implanted in patients with 
end-stage heart failure; nearly 2,500 of 
these devices were placed in 2013 alone.1 
As the number of patients with an LVAD 
continues to grow, so too does the likeli-
hood of a patient with an LVAD presenting 
to the ED—even if the hospital is not a des-
ignated VAD center. An earlier article ap-
pearing in the February 2014 issue of Emer-
gency Medicine addressed the management 
of the unique medical complications faced 
by patients with LVADs.2 This article fo-
cuses on troubleshooting the device when 
a patient with a LVAD presents to the ED.

Device Indications and Types
Left ventricular assist devices are me-
chanical implantable devices that provide 
circulatory support to patients with refrac-
tory advanced heart failure. A few of these 
devices are approved by the US Food and 
Drug Administration for use as either a 
bridge to heart transplant or as destination 
therapy if the patient is not a candidate for 
heart transplant. 

Nearly all of the LVADs currently on the 
market are designed to provide continu-
ous flow.3-6 The most commonly employed 
LVADs include the HeartMate II (Thoratec 
Corporation, Pleasanton, California), Heart-
Ware Ventricular Assist System (Heart-
Ware, Framingham, Massachusetts), and 
the Jarvik 2000 VAS (Jarvik Heart, New 
York, New York) (Table). These devices dif-
fer somewhat in configuration, but the ini-
tial management of LVAD patients with a 
device malfunction is essentially the same. 

Even though the type of device is clearly 
marked on the patient’s controller, to en-
sure appropriate management and facilitate 
troubleshooting for malfunction, patients 
should always carry an information card 
identifying the type of device implanted, 
as well as the complete contact informa-
tion for each of their health care providers, 
including their LVAD coordinator.3,7

Device Components
Left ventricular assist devices consist of 
several different components. All LVADs 
consist of a pump, controller, driveline, and 
batteries/battery pack that work together to 
augment function of the native heart.
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Pump
The LVAD pump is surgically implanted 
into the patient’s abdominal or chest cav-
ity, with an inflow cannula positioned in 
the left ventricle and an outflow cannula 
inserted into the ascending aorta. The 
pump is designed to have a single internal 
moving part called the impeller. The pump 
draws blood from the left ventricle and di-
rects it to the aorta.

Controller and Driveline
The actions of the pump are directed by a 
controller, a mini-processor contained in 
a small box located outside the patient’s 
body. This processor is connected to the 
pump by a driveline inside the body. The 
driveline exits the body through the pa-
tient’s abdominal wall and connects to 
the controller. The controller regulates 
the pump speed and provides information 
about pump speed, flow, pulsatility index, 
and power of the LVAD.3,4  

Speed Monitor. The LVAD speed on the 
controller is usually set at the time of dis-
charge from the hospital; most devices 
cannot be changed manually. 

Power Monitor. On the monitor, the "pow-
er" indictor reflects the voltage and current 
of the pump motor, whereas the "flow" in-
dicator is a reflection of both power and 
speed (ie, the higher the power, the higher 
the flow and vice versa). 

Batteries/Battery Pack. The LVAD is pow-
ered by two batteries attached to the con-
troller or, in some models, to a power base 
unit that can be plugged into an electrical 
outlet. Each battery is connected to the 
controller by a separate connector wire. 
When battery power in the device becomes 
low, the batteries should be replaced with 
fully charged backup batteries, one battery 
at a time. If the controller is disconnected 
from both batteries at the same time, the 
LVAD will lose power and stop working. It 
is critical to patient health that the LVAD 
be powered at all times.3,5,7,8

Pulsatility Index. Changes in a patient’s 
blood pressure (BP) can affect flow, with 

higher BP causing a decrease in flow. 
The pulsatility index reflects the heart’s 
contractility and stretch, as well as the 
patient’s volume status. As the preload 
decreases (ie, due to a decrease in blood 
volume) the device will indicate a de-
creased pulsatility index. If the patient is 
volume overloaded, the pulsatility index 
will be increased. Pump speed and pulsa-
tility index are inversely related. In some 
devices, if the controller detects a signifi-
cant change in pulsatility index from the 
prior 15-second average, it will reduce the 
pump speed to low and then gradually ac-
celerate to the set fixed speed.3,8 Significant 
changes in pulsatility index often indicate 
an event has occurred, such as an obstruc-
tion of the inflow cannula, a decrease in 
the patient’s volume status, an arrhythmia, 
or increased pulmonary artery pressure 
suggestive of right heart failure.3,4

Patient Responsibility 
Following LVAD placement, patients are 
discharged from the hospital with extra 
batteries (usually four to six), a battery-
charger station, a spare controller, and in 
certain models, a power base unit that can 
power the LVAD when they are at home 
and/or asleep. When patients are away 
from home, they should always have extra 
fully charged batteries, the spare control-
ler, information about their device, and the 
complete names and contact information 
for their health care providers (ie, cardiolo-
gist, cardiothoracic surgeon, VAD coordi-
nator) with them at all times.3,7,8

Patient Evaluation and 
Troubleshooting the Device
When a patient with an LVAD presents 
to the ED, regardless of reason or chief 
complaint, the emergency physician (EP) 
should begin assessing the patient while 
the unit secretary pages the patient’s LVAD 
coordinator and the hospital perfusion-
ist. If the EP’s hospital does not routinely 
care for LVAD patients, an excellent re-
source is www.mylvad.com, which pro-
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Table. Comparison of Common Ventricular Assist Devices
Device Component/ 
Feature HeartMate II HeartWare

Jarvik 
2000 VAS

Thoratec PVAD  
With TLC II Driver

Flow Continuous Continuous Continuous Pulsatile

Battery life 8-10 hours 4-6 hours 7-12 hours 2 hours

Power-off or power- 
disconnected indicator 

Pocket controller: 
audible alarm; green 

“pump-running” symbol 
will not be lit; “connect 

power” message  
will display 

External peripheral 
controller: steady, 

audible alarm; green 
power light will not be lit

Audible alarm; flashing red 
alarm light, and “VAD stopped” 

message will display
Action message will display 
“connect driveline,” “change 

controller,” or “replace battery”

Audible alarm; red 
“pump stopped” 
symbol will be lit

“Empty” signal light 
will flicker

Low-battery indicator Pocket controller: 
yellow or red battery light 
will be lit; “low battery” 
and “replace power” 
messages will display
External peripheral 

controller: 
yellow or red battery light 

will be lit

Audible alarm; solid yellow 
“triangle” light lit and  

“low battery” message  
will display

Beeping alarm; low- 
battery light is yellow

Audible alarm; red 
light will be lit

Low-flow indicator Pocket controller:  
“audible alarm; red 

“heart” flashing light,  
“low flow,” and “call 

hospital contact” 
messages will display
External peripheral 

controller: 
audible alarm; 

red "heart" flashing light

Flashing yellow light and “low- 
flow” message will display

None “Loss of flow” alarm

Driveline disconnected 
indicator

Pocket controller: 
audible alarm; red 

“heart” flashing light, 
green “pump running” 
symbol will not be lit, 

and “connect driveline” 
message will display
External peripheral 

controller: 
audible alarm;  

red "heart" flashing light

Audible alarm; flashing red 
alarm light and “VAD stopped” 

message will display 
Action message will display 

“connect driveline” 

Audible alarm; red 
“pump stopped” 
symbol will be lit

Audible alarm; red 
alarm light will be lit

Considerations for Use

Defibrillation Yes Yes Yes Yes

Cardioversion Yes Yes Yes No

Pacing Yes Yes Yes Use in “Bi-VAD” 
configuration

Cardiopulmonary 
Resuscitation

With caution and  
as a last resort

With caution and as a last resort With caution and as a 
last resort

No

Hand pump No No No Yes 

Mean arterial pressure 
parameters

70-85 mm Hg 
(nonpulsatile)

90-110 mm Hg
(pulsatile)

70-80 mm Hg
(nonpulsatile)

85-105 mm Hg
(pulsatile)

65-80 mm Hg Normal blood 
pressure

Pulse present Weak or absent Weak or absent Most have a faint 
palpable pulse

Yes

Electrocardiogram Not affected Not affected Not affected Does not correlate 
with patient’s pulse

Source: Mechanical Circulatory Support Organization EMS Field Guide, January 2015, Heartware System Alarm Troubleshooting Clinician Guide, HeartMate 
II Left Ventricular Assist System Alarms for Clinicians.
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vides links to emergency medical service 
field guides for management of patients 
with all types of LVADs. The field guides 
provide step-by-step instructions for trou-
bleshooting each type of LVAD, including 
instructions for replacing batteries and  
controllers.7,8 

Perfusion and Mean Arterial Pressure
At presentation, the EP should evaluate 
the patient for signs of poor perfusion (eg, 
decreased mental status, pallor, cool skin) 
and, when indicated, provide a fluid bolus. 
Patients with an LVAD typically do not 
have palpable pulses due to the continu-
ous flow of their devices.3-7 Therefore, a 
mean arterial pressure (MAP) using a Dop-
pler and a manual BP cuff should be taken. 
The pressure at which the first sound is 
heard is used as the estimate of the MAP. 
The MAP for an LVAD patient generally 
should be between 70 and 90 mm Hg.3,4,7 

Patients with an LVAD are afterload 
sensitive, and high BP must be addressed 
immediately to avoid morbidity. Elevated 
BP increases the work of the pump against 
increased peripheral resistance, which can 
lead to thrombus and stroke.7 

Power and Connections 
The EP should always check the controller 
to make sure the power light is on. Once 
this has been confirmed, she or he should 
auscultate over the patient’s chest and ab-
domen to detect the humming sound of the 
pump. If the pump is not powered or does 
not appear to be functioning, the controller 

should be replaced with the patient’s back-
up controller. Next, all connections to the 
power source and the connection between 
the driveline and the controller should be 
checked to confirm they are intact. After 
this has been completed, the connections 
should be disconnected and reconnected. 
Then the driveline should be evaluated for 
defects or damage. 

Battery Assessment
While troubleshooting the LVAD for 
malfunction, the batteries on the device 
should be replaced with backup batter-
ies or connected to the hospital’s power 
base unit (if one exists) or to the patient’s 
power base unit if it is present. If a battery 
replacement is required, before doing so, 
the patient should first be positioned flat 
on the stretcher or bed.7

Low-Flow Indicator
The EP should always check the control-
ler to determine which alarms, if any, are 
flashing. Although the alarm buttons vary 
among the various LVAD devices, all types 
have a “low-flow” indicator. If the con-
troller indicates low flow, the patient first 
should be given a fluid bolus. Patients with 
LVADs are preload dependent, and given 
their history of heart failure and fluid re-
striction, are often reluctant to maintain 
good fluid intake once an LVAD has been 
implanted.3,7

Another important etiology for a low-
flow reading on the LVAD controller is 
pump thrombosis. Pump thrombosis 
should be considered when the MAP is low 
and the controller indicates a decreased 
pulsatility index and decreased flow. Often 
the RPMs (the speed) are increased as the 
controller attempts to adjust to the throm-
bosis with an increase in power. A bedside 
echocardiogram showing dilated right and 
left ventricles is consistent with a pump 
thrombosis. Treatment for pump throm-
bosis is anticoagulation with heparin or 
thrombolytics, and cardiothoracic surgery 
should be consulted.3 

LVAD Parameter Abnormalities
 l High power, low-pulsatility index and fluctuating pump speed:  
Consider pump thrombosis or hypotension.

 l High power with high pulsatility index: Consider fluid overload.

 l Low power, low pulsatility index, and unchanging speed:  
Consider hypertension or inflow/outflow obstruction.

 l Low power with normal or high pulsatility index:  
Consider suction event
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Suction Events
In addition to hypovolemia, another cause 
of hypotension is a “suction event” in 
which the left ventricle is not filling but 
the pump continues to attempt to pull 
blood from it and the walls of the ventricle 
suck in on themselves. Suction events can 
also be caused by cannula malposition, 
increased peripheral vascular resistance, 
and tamponade. A small left ventricle 
on bedside echocardiogram is consistent 
with a suction event. Often, the controller 
can sense this and will respond by slow-
ing the pump speed and slowly bringing 
it back up to allow the ventricles to reac-
cumulate blood. Initial treatment consists 
of a fluid bolus and cardiothoracic surgery  
consultation.3,4

Low Battery
If an LVAD patient presents to the ED with 
a low battery, no backup batteries, and the 
hospital does not have a power base unit 
or other way to power the LVAD, the EP 
should call the patient’s VAD coordinator 
to assist. Often, the coordinator can iden-
tify a local LVAD patient who is willing to 
transport extra batteries to the ED. 

To conserve power, the controller in 
some LVAD models is

programmed to automatically reduce 
the pump speed when the battery pow-
er becomes low. This feature can be a 
cause of syncope or lightheadedness 
in in some patients. While some older 
LVAD models had the capability of being 
powered by a hand pump in the event 
of loss of function, the newer devices  
do not.4,7,8

Cardiac Assessment and Protocols
The presence of an LVAD should not have 
any effect on electrocardiography stud-
ies. When evaluating patients, standard 
advanced cardiac life support protocols 
should be followed, but extreme caution 

should be used before starting chest com-
pressions as this can dislodge the cannula 
and lead to death. Prior to initiating chest 
compressions, the patient’s VAD coordina-
tor should be contacted to ensure that any 
problems with the device itself have been 
considered, addressed, and ruled out. Defi-
brillation, cardioversion, and pacing are all 
acceptable in LVAD patients, but defibril-
lator or pacer pads should not be placed 
directly over the patient’s pump.7

Summary
As the number of patients with an implant-
able cardiac device  continues to grow, EPs 
are likely to encounter an LVAD patient in 
the ED. An understanding of device func-
tion and knowledge of the basic trouble-
shooting skills can prove life-saving in 
many instances. In addition, a familiarity 
with available LVAD resources, both on-
line and within the health care communi-
ty, is also essential to ensure the appropri-
ate management and care of these patients.
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