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Abstract

Ventricular assist devices (VADs) have
become an indispensable tool in the
management of end-stage cardiac
failure, both as a means of bridging to
cardiac transplantation and as desti-
nation therapy for long-term quality
of life improvement. Although the tech-
nology continues to advance and these
devices continue to be refined, they are
still associated with significant com-
plications. This article reviews the basics
of VAD function and physiology, as well
as the myriad to complications that
follow their implantation. This review
aims to provide a systematic approach
to the troubleshooting, diagnosis and
management of both VAD-associated
complications and the resuscitation of
the decompensated VAD patient pre-
senting to the ED.
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Introduction
The artificial heart programme was
first conceived over four decades ago.1

The first successful implantation of a
left ventricular assist device (LVAD)
was performed in 1984.2 In 2001, the
REMATCH trial3 demonstrated that
the use of ventricular assist devices
(VADs) leads to a significant increase
in survival (52% vs 25% 1 year sur-
vival; P = 0.002) and an improved

quality of life. In the current era, ap-
proximately 91% of LVAD-supported
patients will have survived to 1 year
post-implantation.4 With a growing
population of LVAD-implanted pa-
tients in the community, it stands that
they will present more frequently to
local EDs, many without cardio-
thoracic surgeons and VAD-trained
teams. Emergency clinicians should
have an adequate understanding not
only of the basic mechanics of a VAD
and their physiologic implications, but
also be aware of their common com-
plications and an approach to the VAD
patient in extremis.

Methodology
MEDLINE (1946 to March 2013) was
searched using the strategy [(ventricu-
lar assist devices or left ventricular assist
device).mp. or exp Heart-Assist
Devices/] AND [complications.mp. or
exp Postoperative Complications/] OR
[Emergency.mp. or exp Emergencies/
]. Embase (1974 to March 2013) was
searched using the strategy [exp ven-
tricular assist device/ orventricular assist
device.mp. or exp heart assist device/]
AND [exp emergency care/ or exp emer-
gency medicine/ or emergency.mp. or
exp emergency/] OR [exp catheter
complication/ or exp postoperative
complication/ or complications.mp. or
exp infectious complication/ or exp lung
complication/ or exp medical device
complication/ or exp infection
complication/ or exp complication/ or

exp posttraumatic complication/ or exp
neurological complication/]. The
Cochrane library was searched for [ven-
tricular assist device]. Each search was
limited to humans, English language
and full text.

The aforementioned search strat-
egies yielded the following results:
MEDLINE, 906 citations; Embase,
1207 citations; and Cochrane library,
only two citations. The titles and ab-
stracts were screened by the authors
and the relevant articles were re-
trieved. Reference lists within these ar-
ticles were searched manually in an
attempt to identify any further rel-
evant papers. At total of 59 papers
were identified as relevant and were in-
cluded in this review.

Indications for ventricular
assist device insertion
Progressive advances in design and
patient management have made VAD
therapy an indispensable tool in the
management of advanced heart
failure.5–8 One-quarter of all US heart
transplant recipients are supported
with these devices as a bridge to trans-
plant.8 In Australia, the majority of
VADs are implanted as a bridge to
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Key findings
• The systematic assessment of pa-

tients with ventricular assist
devices is crucial.

• Always obtain a 12-lead ECG.
• Consider sepsis and haemor-

rhage as a cause for hypoten-
sion.

• Consult your nearest VAD-
coordinating service as soon as
possible.
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transplant. They are also used as a
bridge to recovery (for those with
reversible myocardial pathology)9

and destination therapy (long-term
assistance for patients ineligible for
transplant).7

Devices
VADs typically comprise of an inflow
cannula (from left ventricle), the pump
with its associated mechanical and elec-
trical components, an outflow conduit
(anastomosed to ascending aorta), a
percutaneous lead (driveline), and the
external system components (a con-
troller, monitors and a power source
with battery components).10 Alterna-
tively, these devices can be implanted
to support right ventricular function
(right ventricular assist device [RVAD])
or simultaneously to provide biven-
tricular support (bi-ventricular assist
device [BiVAD]).

VADs can be classified as pulsatile
or continuous flow devices. First-
generation devices were volume dis-
placement, pulsatile pumps that emit
a wave intended to mimic systole and
diastole of the natural heart (e.g.
HeartMate XVE [Thoratec Corpora-
tion, Pleasanton, CA, USA]) and used
an electric motor-driven pusher plate
to drive blood flow.11 They also con-
tained a fail-safe external hand-held
pump that could be used to maintain
cardiac output in the setting of device
or power failure. In contrast to the
first-generation devices, the second and
third-generation LVADs are continu-
ous flow, rotary pumps, and do not
produce a pulsatile wave. They are
simpler in design with only a single
moving part, an internal rotor used to
create flow.10 These continuous-flow
VADs improve the probability of sur-
vival free from stroke and device failure
at 2 years compared with the pulsa-
tile devices (62% vs 7%, P < 0.001).12

VADs currently used in Australia
at present include the Thoratec
HeartMate II (Thoratec Corpora-
tion) (Fig. 1) and the HeartWare
HVAD (HeartWare International,
Framingham, MA, USA) (Fig. 2).

The total artificial heart (TAH) is
currently undergoing clinical trials and
takes a completely new approach than
previous devices. The TAH replaces
both native ventricles and valves with

a complete artificial heart. This still re-
quires an external power source and
controller panel, but avoids native
valve complications such as aortic and
mitral regurgitation, which can com-
plicate VADs.

Ventricular assist
device physiology
Mechanical circulatory support at-
tempts to achieve several goals, in-
cluding decompression of a hypokinetic
ventricle, reduction of myocardial work
and oxygen demand, whilst also main-
taining adequate systemic perfusion
and end-organ function. The VAD
achieves this by reducing preload and
decreasing myocardial wall tension and
oxygen consumption, resulting in de-
creased left ventricular (LV) end-
diastolic pressure and myocardial
strain.13

Continuous-flow LVADs lead to in-
creases in diastolic pressure and dias-
tolic flow. As these devices pump

continuously throughout the entire
cardiac cycle, aortic flow is also present
during diastole when it would nor-
mally be absent.14 When the pump
speed of a continuous-flow LVAD is
increased, the diastolic pressure rises,
the systolic pressure remains fairly con-
stant,14 resulting in significantly di-
minished pulse pressure (average pulse
pressure is 5–15 mmHg).15

The degree of diminished pulsatility
depends on pump speed, native LV
contractility and pre/afterload pres-
sures. The effect of a decreased or
absent pulse on other organ systems
appears to be minimal.16 Decreased
pulsatility is not, however, without
complications. It can affect aortic valve
opening times, aortic root flow, left
atrial and ventricular volumes, right
ventricular function and shear stress
on blood components.17 VADs also
induce biochemical alterations on the
coagulation cascade, immunological
system, systemic inflammation and the
neuroendocrine axis.18

Figure 1. Thoratec HeartMate II. An axial-flow VAD with only one moving part; a
rotor (spinning on bearings) that propels blood from the inflow cannula in the left ven-
tricle to the ascending aorta. It is powered by two lithium-ion batteries for a duration
of >10 h (reprinted with permission from Thoratec Corporation).
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Patient and ventricular assist
device assessment
The assessment of a patient with a VAD
begins with a basic primary survey. If
the patient is awake, alert and looks
well, then the device must be func-
tioning. Traditional ways of assessing
haemodynamic status are difficult in
theLVADpatient. Peripheral andcentral
pulses might be diminished or even
absent, and non-invasive BP (NIBP)
measurements (auscultatory or auto-
mated) are often difficult to obtain.

Heart rate is measured as normal via
electrocardiography and a 12-lead ECG
(which is not directly affected by the
LVAD) should be performed on all pa-
tients to assess for arrhythmias. NIBP
is performed with a manual sphygmo-
manometer and Doppler ultrasound
over brachial or radial artery. A con-
stant sound heard using this method
signifies the mean arterial BP (MAP)
and should be 70–90 mmHg (Fig. 3).
Alternatively, invasive MAP monitor-
ing can be obtained by placement of
an ultrasound-guided arterial line. Pulse
oximetry, if obtainable, might be un-
reliable because of diminished pulse
pressure.

LVADs are preload dependent and
afterload sensitive. They will only
pump the volume of blood delivered
to it; therefore, maintenance of preload
is critically important.19 Assess for
shock in the usual way; check capil-
lary return, peripheral and end-organ
perfusion. Hypotension might result
from VAD-related and non-VAD-
related pathology (Table 1).

Assessing ventricular assist
device function
The VAD should initially be checked
to verify the pump is running. This can
initially be done with auscultation for
a continuous or pulsatile noise over the
precordium or epigastrium. The device
controller will display vital informa-
tion, including speed (rpm), flow (L/
min), power (watts) and pulsatility
index, as well as remaining battery life.
It is important to note that pump-
operating parameters are not surro-
gates for monitoring the patient’s
clinical status. Because of marked vari-
ability between patients, the param-
eter trends are often more valuable than
the absolute figures presented. Abrupt
changes, not accounted for by normal

physiologic variation, can be used to
identify specific pathology14 (Table 2).

The VAD controller has the ability
to display alarms of varying clinical sig-
nificance. An approach to these alarms
and the associated pathology are found
in Table 3.

Ventricular assist
device malfunction
Life-threatening VAD failure was not
an uncommon occurrence with first-
generation VADs (6% at 6 months,
64% at 2 years); however, the inci-
dence of clinically significant device
failure has fallen substantially with the
use of second and third-generation
devices.20 VAD technology is also
subject to technical problems, includ-
ing driveline fractures, controller soft-
ware faults and driver defects.21

The diagnosis of VAD component
malfunction remains a challenge, par-
ticularly in the ED. When faced with
a patient with a possible VAD-related
emergency, contact should be made
with your local VAD-coordination
team as soon as possible. The patient
or their family might also be carry-
ing an information or emergency-
responder card to guide your
assessment and troubleshooting.

Diagnostic pathways for VAD mal-
function have not yet been standard-
ised,22 and there is minimal information
in the literature supporting an optimal
method for the evaluation of patients
presenting with possible LVAD mal-
function. Basic investigations such as
full blood counts, electrolytes and co-
agulation studies are essential and
should be sought urgently. Echocar-
diography (ECHO) has been report-
ed to be useful in the non-invasive
evaluation of inflow obstruction22,23

that can be achieved with standard
transthoracic windows.

Pump thrombus

Thrombosis can occur within the VAD
pump or its conduits, leading to dys-
function of the VAD itself or periph-
eral embolisation.24 VAD thrombosis
occurs in 1–2% of patients after 2
years of implantation.5,12 Clinically, it
will result in a low cardiac output state
associated with falsely high estimates
of pump flow by the VAD.20 ECHO
can aid the diagnosis.20 Cardiac CT

Figure 2. HeartWare HVAD. A centrifugal, continuous flow device designed to draw
blood from the left ventricle and propel it through an outflow graft connected to the
patient’s ascending aorta. The inflow cannula is surgically implanted into the left ven-
tricle and blood is conveyed through the pump via an impeller (the only moving part)
that is hydrodynamic and magnetically levitated, allowing frictionless rotation at op-
erating speeds of 2400–3200 g (resulting in up to 10 L/min of blood flow). Blood exits
the pump into a flexible, gel-impregnated outflow graft that is surgically anastomosed
to the ascending aorta. The driveline is tunnelled subcutaneously and carries wires from
the pump to an external controller (this regulates power, monitors performance, dis-
plays alarm notifications and collects information about operations that can be down-
loaded for analysis). Two rechargeable lithium ion batteries provide power with the
combined capacity of >10 h of use (courtesy of HeartWare International, Framingham,
MA, USA).
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angiography is also capable of diag-
nosing VAD thrombus.25

Pump thrombus is an urgent situa-
tion that requires immediate anti-
coagulation with heparin (plus
additional antiplatelet therapy).11 Life-
threatening scenarios require urgent
consultation with specialist VAD teams
and might require thrombolytic
therapy11,26 or replacement of the VAD.

Suction events

In continuous flow VADs, large nega-
tive pressures can be generated within
the left heart, causing chamber col-

lapse and marked leftward displace-
ment of the ventricular septum. This
is known as a ‘suction event’.20 Suction
events might occur in the setting of right
ventricular failure, but can also result
from hypovolaemia, cardiac tam-
ponade, arrhythmias and malposi-
tioning of the inflow cannulae.20,24

Clinically, a suction event results in
low cardiac output, low MAP and
poor VAD flow. In rotary blood
pumps, this can precipitate severe
ventricular arrhythmias.27 Initial
treatment involves administration of
i.v. fluids and maintenance of preload.
Once at the VAD-specialist centre,

VAD pump speed might be manipu-
lated (under guidance of tran-
soesophageal ECHO).

Cannulae malposition
or obstruction

Occlusion of the inflow or outflow
cannula can occur because of sudden
or gradual kinking or movement of
cannula, thrombosis, endocarditis or
anastomotic stenosis.20,24 Pericardial fi-
brosis and scarring might cause pro-
gressive migration of the inflow
cannula, resulting in partial occlu-
sion.20 Pseudoaneurysms of the outflow
grafts have also been reported.28 These
problems can be diagnosed by ECHO,
CT and angiography.23 Management
often requires surgical exploration.

Other ventricular assist
device-related complications
Bleeding

Nonsurgical bleeding is one of the most
common adverse events within the first
month of VAD implantation12,29,30 and
the most common reason to present to
the ED.31 In the original REMATCH
trial, the frequency of bleeding events
was 42%.3 Common sites of bleeding
included gastrointestinal tract (GIT),
epistaxis, intracerebral haemorrhage
and intrathoracic bleeding.

The mechanisms of bleeding are
likely to be multifactorial. Firstly, these
patients receive both anticoagulation
and multiple antiplatelet therapy to at-
tenuate the risk of thromboembolic
events.32 Secondly, an acquired von
Willebrand syndrome occurs in pa-
tients with continuous-flow assist
devices,32–34 a result of the high shear
stresses on blood as it moves through
device. Finally, the reduced pulse pres-
sure associated with axial-flow VADs
can lead to increases in arteriovenous
malformations and angiodysplasia in
the GIT.30,35

The management of bleeding in a
VAD patient is a challenging scenario
and poses a difficult therapeutic
dilemma. It should include both rapid
assessment of anticoagulant therapy
(full blood count, coagulation profile)
and prompt involvement of the VAD-
coordinating team. Referral to end-
oscopists is also crucial.Anticoagulation
reversal might be required and should

Figure 3. Determination of mean arterial BP in patients with ventricular assist devices.

TABLE 1. Causes of hypotension

VAD related Non-VAD related

Pump failure Hypovolaemia
Pump/cannula obstruction Dehydration

Thrombus Haemorrhage
Conduit compression/kinking Ventricular arrhythmias

Pump speed set too high Right ventricular failure
Cardiac tamponade
Aortic valve regurgitation

VAD, ventricular assist device.
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be performed for as short time period
as possible as these patients are at high
risk of thrombosis and stroke. Thera-
peuticoptions for life-threatening haem-
orrhage include tranexamic acid,
desmopressin, prothrombin complex
concentrates, recombinant factor VII
and fresh frozen plasma; however, these
should only be used under the direct
instruction of the VAD specialist
teams.20,34,36

Right ventricular failure

Acute right ventricular (RV) dysfunc-
tion occurs in up to 20–25% of pa-
tients37 and has a high rate of morbidity
and mortality.38,39 This typically occurs

soon after VAD implantation in the in-
tensive care environment. Causes of RV
failure in these patients include pul-
monary hypertension, RV infarction
and pulmonary embolism.

Although the diagnosis of RV failure
should be clinically apparent, ECHO
can further define RV function.40 Pa-
tients with RV failure are incredibly
complex and their management in-
volves inotropic support, volume
unloading and use of pulmonary vaso-
dilators. Consider intubation in these
patients in extremis to help correct res-
piratory acidosis (which might worsen
pulmonary hypertension). Mechani-
cal RV support by way of extracor-
porealmembraneoxygenation (ECMO)

or RVADs are occasionally required
to restore pulmonary and LV blood
flow.38

Arrhythmias

Patients with VADs are at significant
risk for both atrial and ventricular ar-
rhythmias with an incidence as high
as 50%.41–43 These might be because
of local trauma (direct contact of the
VAD with endocardium), volume status
or electrolyte shifts.27 There is also the
background risk factors related to the
underlying myocardial disease respon-
sible for the initial VAD requirement.24

The treatment algorithm for atrial
fibrillation post-LVAD is no different

TABLE 2. VAD parameters, normal ranges and clinical significance (adapted from Slaughter et al.14)

Parameter Measurement Normal values Important points/Clinical significance

Pump speed Direct measurement
through motor

2200–2800 rpm
(HVAD)
8000–10 000 rpm
(HeartMate II)

– System operates at a fixed rate
– Large speed changes signifies abnormal condition
For example, suction event (automatically drops speed) or

controller/pump issues
Power Direct measure of

current and voltage
applied to motor

4–6 Watts – Power varies directly with pump speed and flow
• Increased flow = increased power
• Increased/decreased pump speed = increased/decreased

power
• Physiologic demand alters power

– Inflow obstruction can reduce power
– Abrupt changes in power mandates evaluation for ingested

thrombus into the pump itself
– There might be gradual power increase in cases of

deposition/thrombus onto bearings or rotors
Flow Estimation based on

pump speed
and power

4–6 L/min – Calculated value that becomes imprecise at high and low
ranges
• Estimation assumes normal pump operation
• Will vary normally according to patients physiologic

requirements
– Increased flow occurs with a falling pressure differential

across the pump and with increased pump speed
– Overestimated high-flow rates occur in settings of

high-power (e.g. thrombus or deposition)
– Low-flow rates occur with inflow cannula obstruction
– Flow estimation helpful as a trend (not an absolute

measure of flow)
Pulsatility

index (PI)
Calculated from pump

power normalised
by mean power

1–10 – Indicates the amount of assistance provided by the LVAD
– Measures magnitude of flow pulses that occur during

native cardiac cycle
– Higher values indicate more ventricular filling and higher

pulsatility (VAD providing less support)
– Lower values indicate less ventricular filling/lower

pulsatility (pump providing greater support)
– Decreased PI can signify hypovolaemia, inflow/outflow

obstruction or abnormal power elevation (thrombus)

HVAD, HeartWare HVAD; VAD, ventricular assist device; LVAD, left ventricular assist device.
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than that used for the general
population.43

Ventricular arrhythmias can be
well tolerated in patients with VADs.44

Presentations of asymptomatic,
haemodynamically stable patients in
ventricular tachycardia or ventricular

fibrillation have been reported.45,46

Rapid evaluation for the underlying
cause of the ventricular arrhyth-
mia should take place, including
volume status, electrolytes and
assessment for potential myocardial
ischaemia.

The management of ventricular ar-
rhythmias might involve volume re-
placement, reduction in pump speed,
and either pharmacological or electri-
cal cardioversion.43 I.v. amiodarone has
been successful, with lignocaine and
procainamide used as second-line

TABLE 3. Common alarms, causes and suggested actions used by the HeartWare HVAD

Alarm type Alarm display Meaning Potential causes Actions required

Hazard/Critical Pump off
VAD stopped

Pump has stopped
Pump is not operating

correctly
Pump flow <2.5 L/min

Percutaneous lead is
disconnected

– Driveline
disconnected

– Driveline fracture
– Connector

malfunction/
breakage

– VAD electrical
failure

Check connections from
driveline, controller
and power source

Change controller

Critical battery
Low voltage

<5 min of battery
power remaining.
Controller receiving
inadequate power

– Limited battery time
– Battery malfunction

Replace battery
Connect to alternate

power source
• Do not remove both

batteries
simultaneously – VAD
will stop

Controller failed Controller component
failed

– Controller
component failed

Change controller

Advisory/Medium Controller fault Controller fault.
Alarms disabled

– Controller
component
malfunction

– Electrostatic
discharge

Change controller
Review alarm thresholds

High watts High power condition
in running

VAD pump

– VAD thrombus
– High RPM
– High flow
– VAD electrical fault

Assess and optimise
preload/afterload

Assess for thrombus

Low flow
Suction

Pump flow < 2.5 L/
min

Average flow dropped
below threshold

– Suction event
– Poor VAD filling
– Elevated BP/

afterload
– Outflow graft kink
– RPM too high or

low

• Ensure adequate
preload/filling

• Treat arrhythmias
• Investigate for VAD

occlusion (inflow and
outflow tracts)

• Consider afterload
reduction or decreasing
pump speed

Advisory/Low Low battery
Low voltage

<15 min of battery power remaining Replace battery
Connect to alternate

power source

Power cable
disconnected

Power cable disconnected Ensure all connections
intact

Replace system
controller

System controller is operating in backup mode Replace system controller

HVAD, HeartWare HVAD; VAD, ventricular assist device; RPM, revolutions per minute.
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agents.47 Electrical cardioversion or de-
fibrillation is often required as these
arrhythmias can be refractory to
medical therapy.47 When cardioversion,
external defibrillation or pacing is re-
quired, anterior-posterior placement of
the pads is preferred. Some VADs such
as the HeartWare VAD can also be in-
ternally defibrillated.

Infection

Infection can involve any portion of
a VAD, including the surgical site, per-
cutaneous driveline, device pocket and
the pump itself.48,49 The REMATCH
trial3 reported that 42% of patients de-
veloped sepsis within 1 year of im-
plantation. Infectious complications of
VADs are associated with severe mor-
bidity and mortality, and will subse-
quently preclude future transplantation
for some patients.50 It is important to
engage your nearest VAD surgeon early
in care of these patients, particularly
if a hardware infection is suspected.

The microbiology of VAD infec-
tions includes a wide range of organ-
isms;however,Gram-positiveorganisms
predominate, especially coagulase-
negative staphylococci and Staphylo-
coccus aureus.48,49 Gram-negative
organisms and fungi have also been im-
plicated in VAD-related infections.51

The presence of infection might be
clinically obvious; however, one should
maintain a high index of suspicion of
occult sepsis in the VAD patient pre-
senting with hypotension or fever.24,49

The use of cultures, exit site swabs,
diagnostic aspirations, US, CT and
targeted nuclear medicine studies
can assist in localising the source of
infection.52

Empiric treatment for VAD-related
infections should include broad-
spectrum antibiotics as well as anti-
fungal coverage and consideration of
multi-drug resistant organisms. Local
resistant patterns and institutional pref-
erence will influence actual therapy.51

Neurological complications
and stroke

As discussed previously, the use of
anticoagulation and antiplatelet
therapy is designed to mitigate the well-
documented thromboembolic risks as-
sociated with VAD implantation. These

patients also carry a higher risk of
haemorrhagic stroke. Whilst stroke and
transient ischaemic symptoms com-
bined can occur in up to 27% of pa-
tients with VADs,20 tight BP control
(targeting MAP less than 85 mmHg)
and an INR of 2–3 help lower this risk.
There is consistent right-hemispheric
dominance of stroke in patients with
VADs.53

Cardiac arrest

If a patient is unconscious, not breath-
ing and has no signs of LVAD
function, assume that he/she is in
cardiac arrest. While concurrently ad-
ministering ALS, the priority is to look
for patient and VAD factors that might
have led to the arrest. The patient
should be intubated and given i.v. fluid
boluses. Bedside ECHO can provide
information on RV and LV size and
function. Allocate a member of the re-
suscitation team to assessing the VAD
and all its components, including con-
troller, connections and battery func-
tion. If spare batteries are not available,
then the patient should be connected
to AC power.

If the patient has an older (first-
generation) VAD (e.g. Heartmate
XVE), then an external ‘hand-pump’
can be used to provide cardiac output,
otherwise usual ALS algorithms apply
and all the usual ALS drugs can be
given at standard doses.

It is important to note that most
VAD manufacturer guidelines state to
perform CPR ‘only if absolutely nec-
essary’. This is because chest compres-
sions might lead to damage to the VAD
itself or physical dislodgment of the
outflow graft on the aorta.54 If chest
compressions have been adminis-
tered, function and positioning of VAD
must be confirmed once the patient is
stable.

Pre-hospital challenges and
further education
The management of patients with VADs
does not stop after implantation, and
the lack of training can lead to pre-
hospital and emergency care person-
nel being caught unprepared when
responding to a patient with a VAD
emergency.55 There is very little litera-
ture on out-of-hospital emergency care

for patients with LVADs. Schweiger
et al.56 make several suggestions towards
improving VAD-related out-of-hospital
emergencies, including caregiver edu-
cation, ambulance team notification of
local VAD patients, intensive para-
medic training on VAD emergencies and
having emergency VAD reference cards
present on ambulances.

Geidl et al.57 have demonstrated
that instituting basic medical train-
ing via reference cards and simulated
VAD-emergency scenarios leads to
an improvement in accurate dia-
gnostics and management of device
emergencies.

Interfacility transportation of criti-
cally ill VAD patients represents
a complex scenario.58 It requires an
organised training programme, ex-
perienced clinicians, detailed proto-
cols and vigilant quality assurance.59

If a patient is transferred from your
ED to the local VAD centre, ensure
all of the patients’ equipment, includ-
ing extra batteries, are sent with them
and consider including the patient’s
carer in the transport as they might
be the best expert on the device in
case the patient becomes unconscious
en route.

Conclusion
Patients with VADs pose both diag-
nostic and management challenges to
the emergency physician. This review
is intended to arm emergency medi-
cine clinicians with an understanding
of ventricular assist devices and an ap-
proach to their complications.

1. Primary survey should always come
first.

2. Make early contact with your local
(or nearest) VAD coordinator or
cardiac transplant team.

3. Check the device function
early and address the alarms
systematically.

4. Utilise the patients’ family or carer;
they might be able to assist in
device troubleshooting and main-
tenance.

5. Hypotension can be a non-specific
marker of pathology. It is impor-
tant to be systematic in your
assessment and consider the
common diagnoses of sepsis and
haemorrhage.
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6. The VAD is preload dependent, but
afterload sensitive.

7. Check an ECG on all VAD-
implanted patients.

8. Consider both VAD-induced com-
plications plus general medical and
surgical pathology when develop-
ing your differential diagnoses.

Acknowledgement
The authors thank Professor Anna
Holdgate for her review of the final
draft.

Author contributions

CP carried out literature review and
wrote the first draft. BT did the revi-
sion and final approval of the article.

Competing interests

None declared.

References
1. Rose EA, Moskowitz AJ, Packer M

et al. The REMATCH trial: ration-
ale, design, and end points.
Randomized evaluation of mechani-
cal assistance for the treatment of
congestive heart failure. Ann. Thorac.
Surg. 1999; 67: 723–30.

2. Portner PM, Oyer PE, McGregor C,
Baldwin JC. First human use of an
electrically powered implantable ven-
tricular assist system. Artif. Organs
1985; 9: 36–50.

3. Rose EA, Gelijns AC, Moskowitz AJ
et al. Long-term use of a left ven-
tricular assist device for end-stage
heart failure. N. Engl. J. Med. 2001;
345: 1435–43.

4. Wever-Pinzon O, Drakos SG, Kfoury
AG et al. Morbidity and mortality in
heart transplant candidates support-
ed with mechanical circulatory
support: is reappraisal of the current
United network for organ sharing
thoracic organ allocation policy jus-
tified? Circulation 2013; 127: 452–
62.

5. Miller LW, Pagani FD, Russell SD
et al. Use of a continuous-flow device
in patients awaiting heart transplan-
tation. N. Engl. J. Med. 2007; 357:
885–96.

6. Brancaccio G, Filippelli S, Michielon
G et al. Ventricular assist devices as

a bridge to heart transplantation or
as destination therapy in pediatric pa-
tients. Transplant. Proc. 2012; 44:
2007–12.

7. Lietz K, Long JW, Kfoury AG et al.
Outcomes of left ventricular assist
device implantation as destination
therapy in the post-REMATCH era:
implications for patient selection. Cir-
culation 2007; 116: 497–505.

8. Aaronson KD, Slaughter MS, Miller
LW et al. Use of an intrapericardial,
continuous-flow, centrifugal pump in
patients awaiting heart transplanta-
tion. Circulation 2012; 125: 3191–
200.

9. Birks EJ, Tansley PD, Hardy J et al.
Left ventricular assist device and drug
therapy for the reversal of heart
failure. N. Engl. J. Med. 2006; 355:
1873–84.

10. Nguyen DQ, Thourani VH. Third-
generation continuous flow left ven-
tricular assist devices. Innovations
2010; 5: 250–8.

11. Ahmed M, Aranda JM Jr, Schofield
RS, Bell JM, Reid JA, Klodell CT.
The use of left ventricular assist
devices in the treatment of class IV
heart failure patients. Cardiol. Rev.
2013; 21: 37–41.

12. Slaughter MS, Rogers JG, Milano CA
et al. Advanced heart failure treated
with continuous-flow left ventricu-
lar assist device. N. Engl. J. Med.
2009; 361: 2241–51.

13. Scherr K, Jensen L, Koshal A. Me-
chanical circulatory support as a
bridge to cardiac transplantation:
toward the 21st century. Am. J. Crit.
Care 1999; 8: 324–37 quiz338–9.

14. Slaughter MS, Pagani FD, Rogers JG
et al. Clinical management of
continuous-flow left ventricular assist
devices in advanced heart failure. J.
Heart Lung Transplant. 2010; 29:
S1–S39.

15. O’Shea G. Ventricular assist devices.
AACN Adv. Crit. Care 2012; 23: 69–
83.

16. Kamdar F, Boyle A, Liao K,
Colvin-adams M, Joyce L, John R.
Effects of centrifugal, axial, and pul-
satile left ventricular assist device
support on end-organ function in
heart failure patients. J. Heart Lung
Transplant. 2009; 28: 352–9.

17. Myers TJ, Bolmers M, Gregoric ID,
Kar B, Frazier OHH. Assessment of
arterial blood pressure during support

with an axial flow left ventricular
assist device. J. Heart Lung Trans-
plant. 2009; 28: 423–7.

18. Hampton CR, Verrier ED. Systemic
consequences of ventricular assist
devices: alterations of coagulation,
immune function, inflammation, and
the neuroendocrine system. Artif.
Organs 2002; 26: 902–8.

19. Nicolosi AC, Pagel PS. Perioperative
considerations in the patient with a
left ventricular assist device.
Anesthesiology 2003; 98: 565–70.

20. Allen SJ, Sidebotham D. Postopera-
tive care and complications after ven-
tricular assist device implantation.
Best Pract. Res. Clin. Anaesthesiol.
2012; 26: 231–46.

21. El-Banayosy A, Arusoglu L, Kizner
L, Fey O, Minami K, Körfer R. Com-
plications of circulatory assist. Per-
fusion 2000; 15: 327–31.

22. Horton SC, Khodaverdian R,
Chatelain P et al. Left ventricular
assist device malfunction. J. Am. Coll.
Cardiol. 2005; 45: 1435–40.

23. Ferns J, Dowling R, Bhat G. Evalu-
ation of a patient with left ventricu-
lar assist device dysfunction. ASAIO
J. 2001; 47: 696–8.

24. Klein T, Jacob MS. Management of
implantable assisted circulation
devices. Cardiol. Clin. 2012; 30: 673–
82.

25. Mishkin JD, Enriquez JR, Meyer DM
et al. Utilization of cardiac comput-
ed tomography angiography for the
diagnosis of left ventricular assist
device thrombosis. Circ. Heart Fail.
2012; 5: e27–9.

26. Jahanyar J, Noon GP, Koerner MM
et al. Recurrent device thrombi during
mechanical circulatory support with
an axial-flow pump is a treatable con-
dition and does not preclude success-
ful long-term support. J. Heart Lung
Transplant. 2007; 26: 200–3.

27. Vollkron M, Voitl P, Ta J,
Wieselthaler G, Schima H. Suction
events during left ventricular support
and ventricular arrhythmias. J. Heart
Lung Transplant. 2007; 26: 819–
25.

28. Ganapathi AM, Andersen ND,
Prastein DJ et al. Endovascular stent
grafting of a left ventricular assist
device outflow graft pseudoaneurysm.
Circ. Heart Fail. 2013; 6: e16–18.

29. Crow S, John R, Boyle A et al. Gas-
trointestinal bleeding rates in recipi-

VENTRICULAR ASSIST DEVICES IN THE EMERGENCY DEPARTMENT 111

© 2014 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine



ents of nonpulsatile and pulsatile left
ventricular assist devices. J. Thorac.
Cardiovasc. Surg. 2009; 137: 208–
15.

30. Suarez J, Patel CB, Felker GM, Becker
R, Hernandez AF, Rogers JG. Mecha-
nisms of bleeding and approach to
patients with axial-flow left ventricu-
lar assist devices. Circ. Heart Fail.
2011; 4: 779–84.

31. Devine A, Knapp B, Lo B, Harbin E,
Jennings D. 404 characteristics and
frequency of emergency department
visits of patients with continuous flow
left ventricular assist devices. Ann.
Emerg. Med. 2012; 60: S142.

32. Uriel N, Pak S-W, Jorde UP et al. Ac-
quired von Willebrand syndrome after
continuous-flow mechanical device
support contributes to a high preva-
lence of bleeding during long-term
support and at the time of transplan-
tation. J. Am. Coll. Cardiol. 2010; 56:
1207–13.

33. Heilmann C, Geisen U, Beyersdorf F
et al. Acquired Von Willebrand syn-
drome is an early-onset problem in
ventricular assist device patients. Eur.
J. Cardiothorac. Surg. 2011; 40:
1328–33.

34. Geisen U, Heilmann C, Beyersdorf F
et al. Non-surgical bleeding in pa-
tients with ventricular assist devices
could be explained by acquired
von Willebrand disease. Eur. J.
Cardiothorac. Surg. 2008; 33: 679–
84.

35. Stern DR, Kazam J, Edwards P et al.
Increased incidence of gastrointesti-
nal bleeding following implantation
of the HeartMate II LVAD. J. Card.
Surg. 2010; 25: 352–6.

36. Gandhi MJ, Pierce RA, Zhang L,
Moon MR, Despotis GJ, Moazami
N. Use of activated recombinant
factor VII for severe coagulopathy
post ventricular assist device or
orthotopic heart transplant. J.
Cardiothorac. Surg. 2007; 2: 32.

37. Santambrogio L. Right ventricular
failure after left ventricular assist
device insertion: preoperative risk
factors. Interact. CardioVasc. Thorac.
Surg. 2006; 5: 379–82.

38. Haneya A, Philipp A, Puehler T et al.
Temporary percutaneous right ven-
tricular support using a centrifugal
pump in patients with posto-
perative acute refractory right ven-

tricular failure after left ventricular
assist device implantation. Eur. J.
Cardiothorac. Surg. 2012; 41: 219–
23.

39. Drakos SG, Janicki L, Horne BD
et al. Risk factors predictive of right
ventricular failure after left ventricu-
lar assist device implantation. Am.
J. Cardiol. 2010; 105: 1030–
5.

40. Lam KM-T, Ennis S, O’Driscoll G,
Solis JM, MacGillivray T, Picard
MH. Observations from non-invasive
measures of right heart hemod-
ynamics in left ventricular assist
device patients. J. Am. Soc.
Echocardiogr. 2009; 22: 1055–62.

41. Andersen M, Videbaek R, Boesgaard
S, Sander K, Hansen PB, Gustafsson
F. Incidence of ventricular arrhyth-
mias in patients on long-term support
with a continuous-flow assist device
(HeartMate II). J. Heart Lung Trans-
plant. 2009; 28: 733–5.

42. Ziv O, Dizon J, Thosani A, Naka Y,
Magnano AR, Garan H. Effects of
left ventricular assist device therapy
on ventricular arrhythmias. J. Am.
Coll. Cardiol. 2005; 45: 1428–34.

43. Boyle A. Arrhythmias in patients with
ventricular assist devices. Curr. Opin.
Cardiol. 2012; 27: 13–18.

44. Oz MC, Rose EA, Slater J, Kuiper JJ,
Catanese KA, Levin HR. Malignant
ventricular arrhythmias are well tol-
erated in patients receiving long-
term left ventricular assist devices. J.
Am. Coll. Cardiol. 1994; 24: 1688–
91.

45. Patel P, Williams JG, Brice JH. Sus-
tained ventricular fibrillation in an
alert patient: preserved hemodynamics
with a left ventricular assist device.
Prehosp. Emerg. Care 2011; 15: 533–
6.

46. Busch MC, Haap M, Kristen A, Haas
CS. Asymptomatic sustained ven-
tricular fibrillation in a patient with
left ventricular assist device. Ann.
Emerg. Med. 2011; 57: 25–8.

47. Raasch H, Jensen BC, Chang PP et al.
Epidemiology, management, and out-
comes of sustained ventricular ar-
rhythmias after continuous-flow left
ventricular assist device implanta-
tion. Am. Heart J. 2012; 164: 373–
8.

48. Gordon RJ, Weinberg AD, Pagani FD
et al. Prospective, multicenter study

of ventricular assist device infec-
tions. Circulation 2013; 127: 691–
702.

49. Califano S, Pagani FD, Malani PN.
Left ventricular assist device–
associated infections. Infect. Dis. Clin.
North Am. 2012; 26: 77–87.

50. Myers TJ, Khan T, Frazier OH. In-
fectious complications associated with
ventricular assist systems. ASAIO J.
2000; 46: S28–36.

51. Gordon RJ, Quagliarello B, Lowy
FD. Ventricular assist device-related
infections. Lancet Infect. Dis. 2006;
6: 426–37.

52. Chinn R, Dembitsky W, Eaton L
et al. Multicenter experience: preven-
tion and management of left
ventricular assist device infections.
ASAIO J. 2005; 51: 461–70.

53. Kato TS, Ota T, Schulze PC et al.
Asymmetric pattern of cerebrovas-
cular lesions in patients after left ven-
tricular assist device implantation.
Stroke 2012; 43: 872–4.

54. Wilson SR, Givertz MM, Stewart GC,
Mudge GH Jr. Ventricular assist
devices. J. Am. Coll. Cardiol. 2009;
54: 1647–59.

55. Bramstedt KA, Simeon DJ. The chal-
lenges of responding to ‘high-tech’
cardiac implant patients in crisis.
Prehosp. Emerg. Care 2002; 6: 425–
32.

56. Schweiger M, Vierecke J, Stiegler P,
Prenner G, Tscheliessnigg KH, Wasler
A. Prehospital care of left ventricu-
lar assist device patients by emergen-
cy medical services. Prehosp. Emerg.
Care 2012; 16: 560–3.

57. Geidl L, Deckert Z, Zrunek P et al.
Intuitive use and usability of ven-
tricular assist device peripheral com-
ponents in simulated emergency
conditions. Artif. Organs 2011; 35:
773–80.

58. Walters WA, Wydro GC, Hollander
T, Brister N. Transport of the ven-
tricular assist device-supported
patient: a case series. Prehosp. Emerg.
Care 2005; 9: 90–7.

59. McBride LR, Lowdermilk GA, Fiore
AC, Moroney DA, Brannan JA,
Swartz MT. Transfer of patients re-
ceiving advanced mechanical circu-
latory support. J. Thorac. Cardiovasc.
Surg. 2000; 119: 1015–20.

112 C PARTYKA AND B TAYLOR

© 2014 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine


