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Today, continuous-flow left ventricular assist devices (cf-LVADs) are implanted more often in patients with end-stage heart failure. Because
of greater durability they can be implanted for an extended period of time. As a result of increased numbers of patients on cf-LVAD support,
healthcare professionals should be aware of the potential complications inherent to this therapy. Both bleeding and thrombosis may occur,
and also complications related either to the device itself or to the ensuing altered haemodynamics, valvular pathology, and rhythm distur-
bances such as ventricular tachycardias and fibrillation. Accurate clinical evaluation, together with an electrocardiogram and, if necessary,
combined with an echocardiogram, is obligatory in these situations. This review summarizes common complications complemented by a
few clinical cases.
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Introduction
An increasing amount of patients develop end-stage heart failure, re-
fractory to maximized medical therapy. Heart transplantation has
been the only solution to improve both survival and quality of life
of these patients. Due to the chronic shortage of donor hearts,
only a fraction of patients receive this therapy. This growing discrep-
ancy between supply and demand has driven the development of al-
ternative therapies, such as mechanical circulatory support (MCS).

Many devices for MCS are available, which can be divided into
short-term extracorporeal devices and long-term intracorporeal
left ventricular assist devices (LVADs). The first generation of
LVADs were pulsatile devices, providing adequate support for
the heart but hampered by size and limited durability. Neverthe-
less, the REMATCH trial demonstrated the superiority of these
devices compared with optimal medical therapy in patients with
end-stage heart failure, 1 year after implantation.1 Two years
after implantation, however, the benefit dissipated mostly
because of device malfunction.

More recently, continuous-flow LVADs (cf-LVADs) have been
introduced, based on rotary pump technology. These are much
smaller, quieter, and durable, potentially expanding the duration
of mechanical support.

There are different types of cf-LVADs, of which the HeartMate-II
(Thoratec Corp., Pleasanton, CA, USA) and the HeartWare HVAD
(HeartWare Inc., Framingham, MA, USA) are mostly used today.
An important difference between these two devices is the site of
implantation of the pump. The HeartMate-II is implanted subdiaph-
ragmatically, whereas the HeartWare, due to its smaller size, can
be implanted in the pericardial cavity.

The current devices demonstrate much better outcome and fewer
complications than the pulsatile devices.224 Therefore, pulsatile
devices are no longer used and will not be dealt with in this article.

Short-term survival after cf-LVAD implantation now approxi-
mates that of heart transplantation, and the functional capacity
of patients on cf-LVAD support is reasonable, with values
of �50% of the predicted VO2-max 3 months after
implantation.528
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In The Netherlands, LVADs are mainly implanted as a bridge to
transplantation. In the USA, there is also approval for the use of
LVADs as an alternative to heart transplantation in selected
patients: destination therapy.

As a consequence of the increase in the number of patients with
end-stage heart failure, together with the decreasing availability of
donor hearts, more and more patients are supported for an
extended period of time.7,9 LVAD implantation results in improved
haemodynamics and quality of life, allowing discharge from hospital
and resumption of a relatively normal life. Because of the many po-
tential complications, however, the patients require extensive
medical care and follow-up. These complications include both
thrombosis and bleeding, infections, right ventricular (RV) failure,
valvular pathology, and rhythm disturbances.10

In this article we first present a few short cases of patients with
various types of complications. Then, we elaborate on the most
frequently seen complications in patients on cf-LVAD support.

Cases

A patient with a severe thrombotic
complication
Seven months after implantation of a HeartMate-II because of a
cardiomyopathy, a 23-year- old patient was admitted with cardio-
genic shock and had to be resuscitated because of malfunction of
the pump. During an emergency operation, a new LVAD was
implanted, complicated by severe right-sided heart failure for
which temporary mechanical support of the right ventricle was
also needed. Malfunction of the first LVAD proved to be due to
total thrombotic occlusion of the pump. Although the international
normalized ratio (INR) at admission was adequate, in hindsight,
anticoagulation was not optimally regulated in the days before
this event.

A patient with a cerebrovascular accident
A 44-year-old patient with severe proximal three-vessel disease,
for which the percutaneous coronary intervention (PCI) proce-
dures were performed, received a HeartMate-II LVAD because
of progressive haemodynamic deterioration due to a large anterior
infarction, after which he rapidly improved.

He was reluctant to be put on the waiting list for heart trans-
plantation. Two years after LVAD implantation he suffered a
large cerebral ischaemic event resulting in aphasia and right-sided
hemiparesis. His anticoagulation level had been adequate. Now,
almost 2 years later, his hemiparesis has improved and he is able
to cycle and walk, but he is still severely aphatic and still refuses
a heart transplantation.

A patient with a ventricular tachycardia
A 58-year-old male, with a 4-year history of dilating cardiomyop-
athy for which he was treated with medication and CRT-D
(cardiac resynchronization therapy with a defibrillator device), suf-
fered from progressive heart failure and sustained ventricular
tachycardias (VTs) for which amiodarone was instituted. This
resulted in a significant reduction of sustained-VTs. Next, a
HeartMate-II LVAD was implanted. The patient quickly recovered

and was discharged from hospital. Four months later he was admit-
ted because of a slow VT 148/min, which in retrospect had existed
already for 2 weeks and was very difficult to terminate by electrical
cardioversion in combination with amiodarone i.v. After this
episode, quinidine was added to the amiodarone, which successful-
ly diminished the ventricular arrhythmias.

Fourteen months after LVAD implantation, frequent slow VTs
recurred, especially during slight exercise and changes in body
posture, accompanied by complaints of hypotension. The VTs
were probably triggered by mechanical pressure on the LV
lateral wall by the inflow canula. Antiarrhythmic medication was
further intensified, but, due to the severity of the complaints, the
patient became bedridden until transplantation, 2 months later.

A patient with asystole
A 29-year-old patient who had already been on a cf-LVAD for
1 year because of autoimmune myocarditis presented with pro-
gressive right-sided heart failure after an episode of gastroenteritis.
Further analysis by electrocardiogram (ECG) and echocardiogram
revealed complete absence of both electrical and mechanical activ-
ity of the heart. Hypothetically, there was a recurrence of the
severe autoimmune myocarditis destroying the myocardium, for
which he was treated with immunosuppressive drugs. Diuretics
were cautiously dosed to avoid excessive fluid overload, but at
the same time the central venous pressure was kept high enough
to allow for passive pulmonary perfusion in the Fontan-like situ-
ation. After 2 months the patient underwent heart transplantation.
Histological examination of the explanted heart confirmed
severe myocarditis with almost complete destruction of all
cardiomyocytes.

Left ventricular assist device
complications

Thrombosis and bleeding
Implantation of cf-LVADs results in a complex balance between
pro- and anticoagulants, and patients are considered susceptible
to both bleeding and thrombo-embolic complications.

As a result of the interaction of blood with the assist device
there is a hypercoagulant state, requiring anticoagulation and anti-
platelet therapy. While on this regimen, in trials with HeartMate-II,
the risk of LVAD thrombosis was very low, being 0.02–0.03 events
per patient-year. The risk for ischaemic stroke was 0.06–0.13
events/patient-year.2,3

Initially, the perioperative use of heparin may cause
heparin-induced thrombocytopenia type II in � 10% of the
patients, leading to either bleeding, thrombosis, or both.11

Another effect seen in patients with cf-LVAD is acquired von
Willebrand syndrome type 2 which may lead to an increased risk
of bleeding.12– 15 This complication is often seen already shortly
after implantation.16–18 Overall, bleeding of the gastrointestinal
tract as well as nosebleeds are seen most often.19

Severe blood loss warrants temporary interruption of anticoa-
gulation, combined with endoscopic or surgical intervention to
stop the bleeding.20
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Furthermore, as a consequence of the use of anticoagulants
and antiplatelet therapy, ischaemic stroke may convert
haemorraghically.

As bleeding was one of the most frequent adverse events
observed in several trials, reduction of the anticoagulation
regimen is advised by many centres, using a target INR of
1.5–2.5 in patients without other indications for oral
anticoagulation.2 –4,21 –24

Another related problem is haemolysis, probably induced by the
high shear stress generated by the assist device, and noted by the
patient due to the accompanying dark urine. This is supported by
lower haptoglobin and higher free haemoglobin and lactate de-
hydrogenase (LDH) values in the blood.25,26 Most of the time
haemolysis is a temporary problem which subsides spontaneously
after a few days. The specific trigger for these episodes is often not
clear, but it is important to look for pump dysfunction or inflow/
outflow occlusions.

Infections
Infectious complications remain one of the major challenges for
long-term LVAD support. Recently, Hannan et al. formulated stan-
dardized definitions for infections in patients treated by a VAD.27 In
this new working formulation on VAD infections, three groups are
distinguished: VAD-specific, VAD-related, and non-VAD-related
infections. VAD-specific infections include pump and/or cannula
infections, pocket infections, and driveline infections. VAD-related
infections comprise infective endocarditis, bloodstream infections,
and mediastinitis, whereas cholecystitis, urinary tract infection, and
lower respiratory tract infection are examples of non-VAD-related
infections.

In a recent retrospective study by Schaffer et al., the incidence of
different types of infections was evaluated during a median time of
support of 191 days in 133 patients (86 on a cf-LVAD).28 In agree-
ment with previous reports, patients who received a cf-LVAD had
significantly fewer infectious complications compared with those
with pulsatile flow devices.

Of the VAD-specific infections, pocket infections occurred in
10% of the patients throughout the course. Moreover, it is clear
that the type of cf-LVAD influences the risk for pocket infections.
The HeartWare is implanted in the pericardial cavity and therefore
is not characterized by a real pocket and as such is not liable to
infection.29 On the other hand, the HeartMate-II requires a sub-
diaphragmatic pocket for implantation, which can potentially
become infected.

Driveline infections occurred more often than pocket infections,
with 0.37–0.58 events per year of LVAD support, mainly seen after
longer duration of support.3,28 As driveline infections are related to
movement at the exit site, good fixation is mandatory and patients
should be thoroughly instructed in the care of the percutaneous
lead. Moreover, they should be aware of the signs of infection,
so that treatment can be instituted early.

In the case of a driveline infection, both local treatment with
cleansing and systemic treatment with antibiotics is indicated, pref-
erably driven by bacterial cultures. It is important to realize that
VAD-related infections including bloodstream infections may lead
to an additional increased risk for other types of complications,

as inflammation shifts the haemostatic mechanisms in favour of
thrombosis.30

Device-related complications
Complications may arise in any component of the portable con-
troller, the percutaneous driveline, the inflow and outflow cannu-
lae, batteries, and the cf-LVAD itself. Some of these complications
trigger visual and auditory alarms during malfunction, which have
to be interpreted, however, in combination with the clinical
picture to exclude false alarms.

The pump speed may be too high for the available volume in the
left ventricle, resulting in obstruction of the inflow cannula; this is
called a suction event.10 The LVAD will automatically reduce the
pump speed temporarily, but an important sequela of suction is
that it may trigger ventricular arrhythmias. One of the shortcom-
ings of the device is that the displayed pump flow is not a measured
flow, but a calculation related to the pump power and pump speed.
In this way, pump obstructions may not always trigger an alarm as
pump power increases, resulting in a normal or even high displayed
pump flow. In these cases, clinical assessment of the patient, some-
times combined with a diagnostic right-sided heart catheterization,
should provide important evidence for such an event.

Failure of the controller or power source is rare. The part of the
LVAD outside the body that is most susceptible to damage is the
cable between the device and the power source. This is related to
chronic kinking or twisting occurring as �0.03 events per patient-
year.4,31– 33 Stringent fixation of the cable to the skin reduces the
incidence of this damage.

Later on in the course after implantation, one of the implanted
components may become malpositioned. This relates especially to
the inflow cannula as a result of an increase in body weight and
may lead to partial occlusion of this cannula. This subsequently
diminishes adequate unloading of the left ventricle, leading to
arrhythmias and RV failure. Surgical repositioning is often required
in these cases.

Haemodynamic consequences/
alterations in physiology
Short-term effects
The underlying disease leading to severe heart failure is often
diffuse and involves both the left and right ventricle. However, a
cf-LVAD only supports the left ventricle.

In clinical practice this usually results in enough lowering of RV
afterload to warrant adequate flow to the left ventricle. However,
intra- and post-operatively right-sided heart failure may be an im-
portant problem.

In patients with pre-existing RV dysfunction and/or increased
pulmonary vascular resistance, RV failure is more common.

Right ventricular failure is partly related to a leftward shift of the
interventricular septum as a result of unloading of the left ventricle
by the LVAD, resulting in dilatation of the right ventricle and dys-
synchronous contraction. This problem may increase when the
pump speed of the LVAD is raised too quickly after insertion of
the device. Therefore, it is advised to optimize LVAD settings
using perioperative echocardiography.
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The importance of RV failure is that there may not be enough
flow to the LVAD with ensuing low pump flow, potentially result-
ing in multiorgan failure. In this way, RV failure contributes substan-
tially to the morbidity and mortality after LVAD implantation.34

Acute right-sided heart failure is defined as the need for a
RVAD, 14 or more days of inotropic support after implantation,
and/or inotropic support starting . 14 days after implantation. It
occurs in � 20% of the patients, as examined in the HM-II BTT
clinical trial.34,35

To prevent right-sided heart failure, evaluation of the RV func-
tion and pulmonary vascular resistance is an important aspect in
patient selection for LVAD therapy. For this, echocardiography
and right-heart catheterization is used.

Several studies have been performed to assess risk factors for
right-sided heart failure, though their predictive value is somewhat
limited.34,36 Optimization of RV function pre-operatively is gener-
ally advised by adequate dosing of i.v. diuretics to lower the
central venous pressure to ≤ 15 mmHg, in combination with ino-
tropics and/or vasodilating drugs, to increase cardiac output.

After implantation of the LVAD, RV failure is prevented by
inhaled nitric oxide and/or inotropes in combination with adequate
preload of the RV and gradually adjusted LVAD flow.10

Long-term effects
Some patients may develop chronic right-sided heart failure after
LVAD implantation, accompanied by progression of the tricuspid
regurgitation. Therefore, some centres advocate tricuspid valve
repair during implantation of an LVAD. Pharmacological treatment
of chronic RV failure comprises titration of diuretics, maintaining a
delicate balance between reduction of oedema and sufficient
preload for the left ventricle.

Clinical evaluation of a patient with a cf-LVAD is hampered by
the change in physiology. As a result of the continuous flow, the
systolic pressure remains fairly constant, while the diastolic pres-
sure increases. This results in reduced pulsatility as compared
with the physiological situation.37 Therefore, palpation of the
pulse is more difficult and often not possible at all. Measurement
of blood pressure often requires special devices.

As a result of the increase in diastolic pressure, patients on
cf-LVAD support may gradually develop arterial hypertension.
Because pump output of continuous flow devices is directly
related to afterload, hypertension must be controlled aggressively
as well in order to avoid cerebrovascular events. Mean arterial
blood pressure should be kept between 70 and 80 mmHg, using
angiotensin-converting enzyme inhibitors and/or beta-blockers.10

Valvular pathology
By unloading the left ventricle by a continuous flow device, opening
of the aortic valve is diminished or abolished. This may lead to
some degree of degeneration, with regurgitation and/or fusion of
the leaflets.38– 40

Initially, moderate or severe aortic regurgitation was considered
a contraindication for LVAD implantation because this creates a
circulatory loop of flow to the ventricle instead of the systemic cir-
culation, diminishing the efficiency of support, and the ventricular
unloading.38 Sometimes, the aortic valve needs to be repaired
during the implantation procedure, for which many surgical

techniques have been described, including total closure of the
aortic annulus by a patch, or total or partial suture of the valve leaf-
lets.41,42 Other options such as biological or mechanical valve pros-
thesis are considered less appropriate, as they may become a
potential source of thrombo-embolism due to the diminished
opening of the valve during full support.

Later after cf-LVAD implantation, a tendency to develop aortic
valve regurgitation is noted.39,40 This ‘de novo’ aortic regurgitation
is supposedly induced by the LVAD and considered to have dele-
terious effects on pump efficiency and systemic output. According-
ly, up to 80% of patients without pre-operative valve regurgitation
showed rapid development of mild to moderate aortic regurgita-
tion following their LVAD implantation.43 However, in clinical prac-
tice, the amount of aortic regurgitation in patients is limited, and
yet has not shown much progression over time.

The mechanism involved in this LVAD-induced aortic regurgita-
tion is still unknown. It is thought that the increased aortic trans-
valvular pressure associated with a permanently closed aortic
valve could increase stress on the aortic valve, causing it to
become incompetent. Once present, in patients with a permanent-
ly closed aortic valve, aortic regurgitation manifests mostly as a
continuous flow towards the left ventricle, during diastole as
well as systole. Otherwise, if the aortic valve is allowed to open,
aortic regurgitation manifests during diastole. Remarkably, in a
small number of patients, the aortic regurgitation manifests expli-
citly in the systolic phase of the cardiac cycle,44 and probably
would disappear at the opening of the aortic valve. The mechanism
involved in this LVAD-related systolic aortic regurgitation is as yet
unknown, but may involve a different mechanism associated with
the dynamics of the aortic annulus or valve dynamics during
support as a result of local turbulences in the ascending aorta.
Either way, an increase in the pump speed may initially compensate
for the loss of systemic circulation; however, when aortic regurgi-
tation becomes more severe, valve repair may eventually be
inevitable.

Rhythm and conduction disturbances
As a diminished LV function is associated with ventricular arrhyth-
mias, many patients eligible for mechanical support by cf-LVAD
already have an implantable defibrillator (ICD) as primary or sec-
ondary prevention.

It would seem logical that unloading of the left ventricle by a
cf-LVAD, by reducing wall stress, would result in a decrease in ven-
tricular arrhythmias. However, in clinical practice, ventricular
arrhythmias may still be present after cf-LVAD implantation or
even progress over time. In a prospective study by Oswald et al.,
in patients who also had an ICD, 34% of the patients had an appro-
priate device intervention for a ventricular arrhythmia during a
mean follow-up of 1 year.45 So, ventricular arrhythmias in patients
with a cf-LVAD should be treated like those in other patients using
antiarrhythmic drugs with or without implantation of an ICD,
taking into account the potential negative inotropic effect of
several antiarrhythmics on the RV function. In the case of recurrent
ventricular arrhythmias, potential reversible causes, such as suction
events and suboptimal positioning of the inflow cannula, should be
sought and, if possible, treated. This is important because ventricu-
lar arrhythmias can lead to suboptimal circulatory support.
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In cases where a patient presents with newly developed RF
failure, an ECG may be helpful in identifying a VT or even ventricu-
lar fibrillation as the cause, because it is difficult to palpate a pulse
and ventricular arrhythmias can be deceptively well tolerated.
Some patients have mild or even absent symptoms, although
others become bedridden by the effect on the haemodynamics
and decline in clinical condition.

Rarely, as described in the case of a patient presenting with RV
failure based on asystole, the underlying disease leads to destruc-
tion of the myocardium including the conduction system. Also in
that case, mechanical support provides a situation compatible
with life and an ECG identifies the cause of RV failure.

Implications for the future
Today, patients with refractory end-stage heart failure can be suc-
cessfully treated by an LVAD. Where no short-term major
improvements are to be expected in medical therapy, the
coming years will certainly bring many new devices and develop-
ments in the field of MCS. As a consequence, the therapeutic
goal of the LVADs may show a wide spectrum from bridge to
transplant, to bridge to recovery, bridge to bridge, bridge to deci-
sion, and ultimately destination therapy in the near future.46 With
this therapy we are entering a whole new era in the treatment of
patients with advanced heart failure. We have to prepare and
educate for the treatment of patients without a palpable pulse
or easily measurable blood pressure and know how to diagnose
and handle the specific complications inherent in this kind of
therapy.

The care of these complex patients is centralized in hospitals
with extensive knowledge of advanced heart failure, heart trans-
plantation, and MCS. This requires a large team consisting of spe-
cialized cardiothoracic surgeons, cardiologists, VAD nurses, and
technicians with 24/7 coverage. The growing number of patients
on long-term VAD support, however, means that more and
more patients might be referred to local hospitals in the case of
intercurrent problems. Therefore, it is important for cardiologists
and other healthcare professionals to have insight into the clinical
problems related to this therapy. As shown in the cases above,
clinical observation can be deceptive, as severe arrhythmias may
be tolerated well for quite some time. When a patient presents
to the cardiologist, conventional clinical evaluation including la-
boratory tests and ECG may already indicate specific complica-
tions. Furthermore, echocardiography is an important diagnostic
tool to evaluate ventricular dimensions and function as well as
valvular competence. Specific evaluation of right-sided pressures
can be achieved by right-sided catheterization, which should also
include measurement of the cardiac output to check for the accur-
acy of the displayed pump flow.

Although LVADs offer excellent survival and quality of life, this
therapy remains extremely costly. Hopefully both the initial costs
and readmissions for complications will decrease, resulting in
costs per annum approaching those of haemodialysis.46

So, in conclusion, due to the growing number of patients with
advanced heart failure, together with the shortage of suitable
donor hearts and the evolving technological developments, MCS
by LVADs will play an ever-increasing role in the near future.

However, we have to learn more with regard to optimal patient
selection and timing of implantation and the care of these patients
in the long-run, especially in relation to the device-specific compli-
cations. The lack of need for immunosuppressive therapy might be
a real advantage over heart transplantation and, as short-term
prognosis after LVAD implantation is now already approximating
that of heart transplantation, very soon LVAD implantation may
be judged to be a worthy alternative to heart transplantation.

Conflict of interest: none declared.
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