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Abstract: There has been a significant increase in the utilisation of mechanical circulatory support (MCS) 
devices for the management of cardiogenic shock over recent years, with new devices being developed and 
introduced with the aim of improving outcomes for this group of patients. MCS devices may be used as a 
bridge to recovery or transplantation or intended as a destination therapy. Although these devices are not 
without their complications, good outcomes are achieved, but not without risk of significant complications. 
In this article, the complications of MCS devices have been reviewed, including the intra-aortic balloon 
pump (IABP), Impella, TandemHeart, extracorporeal membrane oxygenation (ECMO) and ventricular assist 
devices (VAD)—temporary and durable. 
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Introduction

Over the last decade there has been a significant increase 
in the utilisation of mechanical circulatory support (MCS) 
devices (1). Traditionally, MCS was reserved primarily for 
patients with end stage heart failure who were deemed 
candidates for transplantation, with MCS used as a ‘bridge 
to transplantation’. Nowadays, advanced MCS devices 
are commonplace in the cardiothoracic intensive care and 
the indications for their use have broadened significantly 
including prophylactic use in high risk percutaneous coronary 
interventions or surgery (2), a salvage therapy as an adjunct to 
cardiopulmonary resuscitation (3) and as part of the routine 
management of intractable cardiogenic shock (4).

There are several forms of MCS that are typically 
classified as either temporary or durable. Temporary MCS 
devices include the intra-aortic balloon pump (IABP), the 
Impella (Abiomed), the TandemHeart system (CardiacAssist), 
veno-arterial extra-corporeal membrane oxygenation (VA-
ECMO) and temporary ventricular assist devices (VAD) 
(Table 1) (5). These devices are typically used in the context of 

acute, intractable, cardiogenic shock that may be associated 
with a range of aetiologies including myocardial infarction, 
post-cardiotomy failure, myocarditis and acute deterioration 
in patients with end stage cardiac failure (4,5). Durable MCS 
devices are the implantable left ventricular assist devices 
(LVAD). These devices are most commonly used as either a 
bridge to transplantation/candidacy or as destination therapy, 
in patients with end stage cardiac failure (6). In this review, 
we will discuss the outcomes and major complications of 
these different MCS modalities.

IABP 

The IABP is the commonest form of mechanical support 
utilised in the cardiothoracic ICU. It was first used in the 
1960s, being introduced by Kantrowitz who identified 
that ‘diastolic augmentation’ improved myocardial  
oxygenation (7). The IABP comprises a double-lumen 
balloon catheter that is typically introduced percutaneously 
into the femoral artery using the Seldinger technique. 
The haemodynamic effects of the IABP depend on 
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Table 1 Comparison of mechanical circulatory support devices [informed by Werdan et al. (5)]

Intra-aortic 
balloon pump

Impella TandemHeart Veno-arterial ECMO
Central ventricular 
assist device

Pump mechanism Pneumatic Axial Axial Centrifugal Centrifugal

Insertion technique Descending 
aorta via femoral 
artery

Into left ventricle 
retrogradely via 
femoral artery and 
through aortic valve

Cannula into left atrium. 
Inserted through femoral 
vein with trans-septal 
puncture

Peripheral (e.g., femoral 
artery and vein cannulation) 
or central (right atrial 
and ascending aorta 
cannulation)

Central 
cannulation 
(left atrial and 
ascending aorta)

Risk of limb ischaemia + ++ ++ +++ (if peripheral) −

Anticoagulation + ++ ++ +++ +++

Haemolysis + ++ ++ ++ ++

Haemodynamic support

Cardiac output 
increase

0.5–1 L/min 2.5 or 5.0 L/min 4 L/min >4.5 L/min >4.5 L/min

Afterload Reduced Unchanged Increased Increased Increased

LV preload Slightly reduced Slightly reduced Reduced Reduced Reduced

LV stroke volume Slight increase Reduced Reduced Reduced Reduced

Coronary perfusion Slight increase Unknown Unknown Unknown Unknown

Systemic perfusion Little change Improved Improved Improved Improved

ECMO, extracorporeal membrane oxygenator; LV, left ventricle. 

‘counterpulsation’ resulting from inflation and deflation 
of the balloon with helium at precise points in the cardiac 
cycle. Balloon inflation occurs immediately after the end 
of ventricular systole resulting in augmentation of the 
diastolic pressure (‘diastolic augmentation’), increasing 
coronary artery perfusion. Deflation of the balloon is timed 
to occur immediately prior to ventricular systole, creating 
a vacuum effect leading to reduced afterload. The effect is 
to both increase myocardial oxygen supply whilst reducing 
myocardial oxygen demand (2). There are multiple 
indications for the use of an IABP including unstable 
angina, post-cardiotomy cardiogenic shock, refractory 
ventricular arrhythmias and primary graft dysfunction 
following cardiac transplantation.

The indications for IABP use are varied and therefore 
outcomes are difficult to specify. If a patient continues 
to deteriorate despite IABP therapy, then they will likely 
become candidates for more advanced form of MCS, such 
as VA-ECMO. Therefore, long-term survival following 
IABP therapy is more dependent on the indication and 
therefore, natural history or treatment of the underlying 
disease process

Complications

A large registry study, including >17,000 patients treated 
with an IABP, reported an incidence of complications of 
7% with 2.6% described as major, and a device associated 
mortality rate of 0.5% (8). Complications can be classified 
as either vascular or non-vascular (Table 2) (2,8,10). Vascular 
complications are found to be the commonest, and include 
limb ischaemia, vascular trauma during insertion (dissection 
or laceration) leading to false aneurysm formation, 
haematoma or haemorrhage. Distal pulses should be 
regularly examined and surveillance for the development of 
compartment syndrome as evidence of limb ischaemia. An 
incorrectly positioned or incorrectly sized IABP catheter 
may lead to compromised abdominal visceral perfusion (11).  
Cerebrovascular accident (CVA) is also reported which 
may occur due to the balloon catheter being positioned or 
migrating proximally, leading to obstruction of cerebral 
blood flow, or rarely due to dislodgement of proximal 
thrombus which embolises—although this is more likely to 
lead to visceral or limb ischaemia/infarction (9).

Non-vascular complications include thrombocytopaenia 
from platelet deposition on the balloon and due to 
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Table 2 Complication rates of temporary percutaneous mechanical circulatory support devices [informed by meta-analysis by Subramaniam et al. (9 )]

Complication IABP (%) Impella (%) TandemHeart (%)

Major bleeding 0.8–47 0.05–54 53–59

Access site bleeding 2–27 2–40 8–53

Haemolysis 0.7–7.2 10–46 5.3

Cerebrovascular accident 1–7 2.4–6.3 –

Limb ischaemia 0.3–42 0.07–10 3.4–11

Vascular injury requiring surgery 0.01–13.3 1.3–2 0.85–13

Access site infection 0.5–35 1.1 16

Sepsis 1–15.7 0.16–19 29.9

Device migration 1–8 0.05–23 8

Device malfunction 0.9–8.3 0.16–17 –

IABP, intra-aortic balloon pump.

mechanical disruption of thrombocytes, and haemolysis 
from disruption of erythrocytes. Sepsis may also occur, 
particularly in patients with prolonged IABP therapy. Rarely, 
balloon rupture can occur resulting in gas embolization, 
although the console will detect this immediately and cease 
functioning, although immediate removal is required as 
there is a significant risk of thrombus formation. Patients 
receiving IABP therapy must remain bed-bound and supine, 
and therefore are at risk of associated complications.

Impella

The Impella (Abiomed, Danvers, MA, USA) is a non-
pulsatile axial flow Archimedes-screw pump designed to 
propel blood into the ascending aorta in series with the left 
ventricle (LV) (12). It is a catheter based, miniaturised pump 
which is introduced retrogradely through the femoral artery 
(either percutaneously or via surgical cutdown), or via the 
axillary artery, into the aorta and through the aortic valve. 
Blood from the LV is drawn into the inlet area near the tip 
of the device and is delivered into the aortic root through 
the outlet, thus offloading the LV. The device can provide 
flow rates of up to 5 L/min (13). The Impella unloads the 
LV reducing the myocardial oxygen consumption which 
improves the patients haemodynamics. The Impella is 
indicated in isolated LV failure as adequate right ventricular 
function is necessary to maintain LV preload. 

The percutaneous nature of the Impella is leading to 
increasing popularity and utilisation. The most common 
indications for using Impella are in the treatment of acute 

myocardial infarction complicated by cardiogenic shock 
and to facilitate high risk PCI. With increasing experience, 
the indications broadening and others include: treatment 
of end stage heart failure with acute decompensation, post-
cardiotomy cardiogenic shock, and to facilitate off-pump 
coronary bypass surgery (12,14).

Complications

The type of complications associated with the Impella are 
similar to those of the IABP (Table 2). Similarly, vascular 
complications are common. Limb ischaemia is an important 
complication requiring continued surveillance. The reported 
incidence ranges from 0.07–10% (9). These studies suggest 
that there may be a higher incidence of limb ischaemia 
with the Impella compared to the IABP. The Impella 5.0 is 
inserted through a graft sewn to the axillary artery. This may 
be associated with local vascular and/or graft complications.

The reported incidence of significant bleeding ranges 
from 0.05% to 54% (9). A meta-analysis comparing Impella 
with IABP reported a 2.5-fold higher risk of bleeding 
with the Impella (15). More serious bleeding occurs in the 
gastrointestinal and neurological systems and is associated 
with poor outcomes. The risk of bleeding is associated 
with the requirement for therapeutic anticoagulation for 
the duration of therapy to minimise the risk of thrombosis. 
Bleeding may also be associated with thrombocytopenia 
which results from damage to thrombocytes, however there 
is limited data on the incidence of thrombocytopenia in 
patients with the Impella. Thrombocytopenia may also be 
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due to ‘heparin-induced-thrombocytopenia’.
Haemolysis is observed as a common complication with 

an incidence ranging 7–8% (16), although it is believed 
that this is likely an underestimate since formal diagnosis 
is infrequently sought however, longer duration of Impella 
support is associated with a requirement for multiple blood 
transfusions suggestive of haemolysis (17). Haemolysis is 
thought to be caused by shear stress from axial pumping 
and can lead to renal failure.

CVA, both haemorrhagic and ischaemic, is an important 
complication of Impella support. The incidence is reported 
to range 2.4–6.3% (9,18). In patients experiencing an 
ischaemic CVA, there may be associated risk of haemorrhagic 
transformation due to the anticoagulation.

Similar to the IABP, there is a risk of access site infection 
and sepsis, that increases with duration of support. Device 
migration and malfunction have both rarely been reported 
with the Impella, more so in the early experience (19). This 
can lead to injury to the aortic valve, mitral regurgitation 
secondary to injury to the papillary muscles or chordae, and 
may even lead to tamponade due to LV perforation (20). 
The presence of the catheter within the LV can also lead to 
arrhythmias developing.

TandemHeart

The TandemHeart (TandemLife, Pittsburgh, PA, USA) is 
an extracorporeal percutaneous axial-flow pump that can 
provide circulatory support up to 4 L/min. Oxygenated blood 
is withdrawn from the left atrium which is accessed by an 
inflow cannula inserted percutaneously through the femoral 
vein, up the inferior vena cava, into the right atrium and then 
via trans-septal puncture into the left atrium. Blood is then 
pumped by a centrifugal pump through an outflow cannula 
which is inserted into the femoral artery. The TandemHeart 
works by simultaneously contributing blood flow to the aorta, 
working in parallel—or ‘tandem’—to the LV. Additionally, 
offloading blood from the left atrium reduces LV preload, wall 
stress and therefore oxygen demand. This facilitates increased 
cardiac output and systemic perfusion pressures (4,21).

The indications for use of the TandemHeart are essentially 
the same as for the Impella. However, the requirement and 
technical challenge of transseptal puncture has been a limitation 
to its widespread uptake and use in comparison to the Impella.

Complications

The type of complications associated with the TandemHeart 

are similar to those experienced in patients with an IABP 
or Impella (Table 2) (9). Limb ischaemia is an important 
complication associated with the femoral arterial cannula 
and is reported to occur with an incidence between 3.4–11% 
(22,23). There are no documented amputations associated 
with the use of the TandemHeart to date.

Major bleeding is more frequently experienced in 
patients with a TandemHeart. This may be associated 
with the need for trans-septal puncture, the presence of 
two sites of percutaneous vascular access, and the need for 
anticoagulation to reduce the risk of thromboembolism. 
The incidence is reported between 53–59.8% (22). 
Gastrointestinal bleeding has been reported in up to 19.7%. 
The TandemHeart has a high risk of access-site related 
bleeding, which is likely related to the large sheath required 
for insertion. Rates range from 8% to 53% (9). 

CVA is similarly an important complication in patients 
supported with TandemHeart. The incidence is reported 
to be similar to that with the Impella: 2.4–6.3% (9,18). 
Haemolysis is also an important complication with the 
TandemHeart and the incidence has been reported to be 
5.3% (24). Site associated infection has been reported with 
an incidence of 16% (25). 

More specifically to the TandemHeart is the potential 
for a significant right-to-left shunt to develop if there is 
dislodgement of the inflow canula into the right atrium. 
Some degree of dislodgement was reported with an 
incidence of 8% in an early study with this device (25). 
Another specific complication is the risk of air embolism 
during septal puncture and also the risk of atrial perforation 
associated with the trans-septal puncture that can lead to 
tamponade. It was reported with an incidence of 0.85% in 
early experiences with this device although it is now much 
more rare (22). A residual atrial septal defect can be present 
following device removal which can lead to problems in the 
future (20). 

Veno-arterial extracorporeal membrane 
oxygenation (ECMO)

ECMO is an advanced form of temporary life support to 
aid respiratory and/or cardiac function. ECMO evolved 
from cardiopulmonary bypass (CPB) technology and 
similarly involves diverting venous blood through an 
extracorporeal circuit, in which gaseous exchange occurs. 
A venous drainage cannula is inserted into the vena cavae 
or right atrium, either percutaneously through the femoral 
or internal jugular vein, or centrally. Blood is returned 
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to the patient through a cannula in either the ascending 
aorta if inserted centrally, or peripherally in the femoral or 
subclavian artery which can be performed percutaneously or 
via surgical cut-down.

VA-ECMO is uti l ised to support patients with 
cardiogenic shock that is refractory to maximal therapy (26).  
It is reserved for patients who are believed to have a 
reversible cause of their cardiogenic shock or as a bridge to 
further MCS, such as a ventricular assist device, or cardiac 
transplantation. VA-ECMO can also be a salvage treatment 
option in the setting of cardiac arrest with unsuccessful 
Advanced Life Support (ALS). So-called ‘extracorporeal 
cardiopulmonary resuscitation’ (eCPR) may be considered 
especially when cardiac arrest occurs in an intensive care or 
cardiac catheter laboratory setting where VA-ECMO can be 
rapidly instituted (27,28).

Complications

The morbidity associated with ECMO is significant, 
a meta-analysis has summarised the incidence of the 
commonest complications (Table 3) (29). The most common 
serious complications are bleeding and thrombosis. Due to 
blood contact with foreign surfaces, blood stasis in cardiac 
chambers and disseminated intravascular coagulation there 
is a significant risk of thrombosis mandating therapeutic 
anticoagulation. In addition to the requirement for 
anticoagulation, there is consumption of clotting factors 

and thrombocytopenia which results in a significant 
incidence of bleeding—as many as 41.9% of patients 
require re-exploration. The thrombocytopaenia is related 
to the injury through the circuit, but in addition as many as 
8.3% of patients on VA-ECMO are found to have heparin-
induced thrombocytopenia (30). Bleeding can occur in 
organs including the brain and gastrointestinal tract and 
occurs at the cannulation sites. The incidence of CVA is 
significant in patients on VA-ECMO. Reported incidence 
ranges from 3.3–17.6% for ischaemic CVA and 1.6–5% for 
haemorrhagic CVA (9,29). 

Limb ischaemia is also a major complication of VA-
ECMO, related to the large femoral arterial cannula used 
in peripheral VA-ECMO. As many as 10.3% are reported 
to develop limb ischaemia and require fasciotomy, with up 
to 4.7% requiring amputation. The risk of limb ischaemia 
can be reduced by placement of a small antegrade perfusion 
catheter into the superficial femoral artery to perfuse the 
leg distal to the primary cannula (31). Limb ischaemia can 
also develop following arterial cannula removal due to 
displacement of clot developing around the cannulae.

Haemolysis is also an issue and is more prevalent in VA-
ECMO than with the Impella or TandemHeart, reported 
to occur in 18% of patients (29). This is associated with the 
shear forces due to the centrifugal pump and high resistance 
flow through the oxygenator (32). Similarly, infection is an 
important complication that should be monitored for and 
patients treated accordingly.

Acute kidney injury (AKI) occurs in around half of 
patients supported by ECMO. As such, continuous renal 
replacement therapy has evolved into an adjunct support 
in patients on ECMO with the advantage of permitting 
correction of metabolic and fluid disturbances and may 
suppress inflammation by counteracting the systemic 
inflammatory response.

There are some complications unique to VA-ECMO: 
LV distension and Harlequin syndrome. Left ventricular 
distension can occur due to the continuous retrograde flow 
of blood within the ascending aorta, presenting increased 
afterload against which a failing LV is unable to eject. In the 
absence of aortic valve opening there is a risk of distension 
which can lead to the development of pulmonary oedema 
and even development of intracardiac thrombus (33,34). 
LV distension can occur with VA-ECMO and insertion of 
an LV vent is recommended especially in the presence of 
intracardiac stasis.

Harlequin syndrome is a complication of peripheral 
VA-ECMO with femoral arterial cannulation and leads to 

Table 3 Complication rates of cardiac ECMO [informed by Cheng 
et al. (29)]

Complication Incidence

Acute kidney injury 55.6

Renal replacement therapy 46.0

Re-thoracotomy for bleeding or tamponade in 
post-cardiotomy patients

41.9

Major or significant bleeding 40.8

Significant infection 30.4

Lower extremity ischaemia 16.9

Neurological complications 13.9

Fasciotomy or compartment syndrome 10.3

Stroke 5.9

Lower extremity amputation 4.7

ECMO, extracorporeal membrane oxygenator. 
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the coronary and cerebral circulations being exposed to 
deoxygenated blood. This occurs if there is native cardiac 
output with aortic valve opening. In this situation there will 
be a ‘mixing zone’ where ejected native anterograde and 
reinfused retrograde blood meet. This can cause a problem 
if, in the context of respiratory failure, the blood exiting the 
LV is deoxygenated. As native cardiac function recovers and 
left ventricular ejection increases, if the mixing zone is within 
the descending aorta, the coronary and cerebral circulations 
may be exposed to deoxygenated blood (31,35,36). 

For survivors of ECMO, there has been the suggestion that 
there is an increase in neurological deficits and respiratory 
morbidities—and for the neonatal/paediatric population 
neurodevelopmental deficits and behavioural problems (37). 
However, more recent data comparing non-ECMO arms of 
randomised controlled trials have observed no between-group 
differences for these outcomes. Patients who survive ECMO 
require prolonged rehabilitation and multidisciplinary follow-
up after discharge from hospital (37,38).

VAD

VAD are an alternative to VA-ECMO for patients with 
refractory cardiogenic shock. A VAD comprises an inflow, 
a pump and an outflow. Unlike VA-ECMO, there is no 
oxygenator and a VAD therefore only supports cardiac 
function. VAD can be used to support most commonly 
the left ventricle (LVAD), the right ventricle (RV; RVAD) 
or can be used in a bi-ventricular configuration (BI-
VAD) depending on cannula placement. For LV support, 
the inflow cannula is placed either into the left atrium or 
ventricle and the outflow cannula placed to return blood 
to the ascending aorta. For RV support, the inflow cannula 
is placed into the right atrium or ventricle and the outflow 
cannula placed in the pulmonary artery.

VAD can be used as a temporary form of MCS, with 
central placement of the cannula, but also are available as 
implantable pumps that can be used as longer term support. 
VAD pump technology has evolved significantly over the 
last three decades. First generation devices were pneumatic 
or electrical membrane pumps which generated pulsatile 
flow. They were bulky and noisy devices with high rates of 
malfunction. These pumps additionally had problems with 
haemolysis and thrombus formation due to shear stress, 
friction with heat generation, turbulent flow, and stasis (39). 
Now, continuous flow pumps are most commonly used are 
remarkably smaller and quieter devices. 

One commonly used system for temporary support is 

the Levitronix CentriMag (Abbott Laboratories, Abbott 
Park, IL, USA). The bearing-less impeller-based pump 
has the ability to provide flows up to 10 litres/minute with 
good durability in the medium-term. The pump contains a 
magnetically levitated impeller that is contact-free without 
mechanical bearings or seals. It is designed to minimize 
friction and heat generation, and to reduce shear force on 
RBCs to preventing haemolysis (40,41). 

In terms of implantable LVAD devices the current, third 
generation, devices most frequently implanted include the 
HeartWare HVAD (Medtronic, Minneapolis, MN, USA) (42) 
and the HeartMate 3 (Abbott, St Paul, MN, USA) (43). The 
HeartWare is a centrifugal pump and the HeartMate 3 has 
a fully magnetically levitated, self-centering rotor. Both are 
designed for full intrapericardial implantation obviating the 
need for creation of a ‘pump pocket’. Although implantation 
often involves a full sternotomy and CPB, minimally invasive 
and off-pump implantation techniques have been successfully 
utilised (44).

Most commonly, VADs are used for LV support, 
bypassing the LV and offloading it. This leads to reduced 
preload and myocardial oxygen consumption. The LV can 
continue to contract, but with significantly reduced work 
as a result of reduced preload and afterload. Offloading 
the LV will result in a reduction in the RV afterload and 
usually improves RV function. RV failure has been reported 
in 5–44% in patients undergoing LVAD implantation and 
this is dependent on the baseline function of the RV. With 
impaired RV function, RV failure can be very difficult to 
predict preoperatively and can be severe enough requiring 
mechanical support.

The indications for LVAD therapy are well defined, 
and similar to VA-ECMO, patients with non-recoverable 
cardiac failure who are not potential transplant candidates 
should not be commenced on this therapy (unless it is 
being used as a destination therapy) (6,45). An LVAD can 
be used as a bridge to recovery in acute situations in which 
there is expectation of myocardial recovery—such as would 
potentially be the case in myocarditis or post-cardiotomy 
cardiogenic shock for example. They can also be used as a 
bridge to decision in patients for whom transplant candidacy 
is unclear at the time of presentation—for example 
unknown neurological status, whilst further assessments 
are made. The most common indication for VADs is as a 
bridge to transplantation/candidacy—both for temporary 
and durable VADs. However, durable, implantable LVADs 
are increasingly being utilised as a destination therapy for 
selected patients in some countries, and is likely to become 
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the commonest indication in the future (46). In patients 
with severe biventricular failure in need of mechanical 
support, total artificial heart is used in specialist centres as a 
bridge to transplant.

Complications

The complications of temporary and implantable 
continuous flow VADs are similar, having a similar basis, 

although for patients with long-term implantable devices 
there is longer exposure to the device and on-going risk 
of these complications for the duration of therapy. The 
incidence of complications following temporary VAD 
support have been summarised in a recent meta-analysis 
(Table 4) (40). For implanted LVADs the Interagency 
Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) regularly report registry outcomes, 
and the most recent report summarises the incidence of 
adverse events for almost 18,000 patients (Table 5) (46). 
The incidence of complications has reduced significantly 
with evolution of the devices, leading to the increased 
utilisation of LVAD as a destination therapy. Ongoing 
device development aims to further reduce the incidence of 
associated complications. Below, the common complications 
of continuous-flow VADs are discussed.

Bleeding
Bleeding is an important complication in patients with VADs. 
It can occur peri-operatively or later after implantation. 
There are several reasons why patients are predisposed to 
bleed:
	Patients require therapeutic anticoagulation due to 

the interaction of blood and non-biological surface 
which is a strong activator of the coagulation cascade, 
and may also be treated with anti-platelet medication.

	Patients in cardiogenic shock, or who can develop 
RV impairment post-procedure can develop hepatic 
congestion contributing to a coagulopathy.

Patients almost universally develop acquired von 
Willebrand disease. It is believed that the shear stress attributed 
to the continuous flow devices leads to an unfolding of von 
Willebrand factor (vWf) which is then targeted for proteolysis. 
vWf is an important mediator of platelet aggregation (47).

Important bleeding problems for these patients 
include gastrointestinal bleeding and haemorrhagic CVA. 
Gastrointestinal bleeding occurs in 20–30%, with up to 40% 
of these patients experiencing recurrent bleeds which can be 
a major source of morbidity (48). Gastrointestinal bleeding 
appears to be a particular problem with continuous-flow 
devices due to the combination of vWf deficiency and the 
development of arteriovenous malformations. It is thought 
that the increased intraluminal pressure and decreased 
pulsatility lead to distension of the submucosal vessels leading 
to intestinal mucosal hypoperfusion and angiodysplasia (49).

Thrombosis
Pump thrombosis or development of thrombus within the 

Table 4 Complication rates of temporary continuous-flow VAD 
support [informed by Borisenko et al. (40)]

Complication Incidence

Bleeding (requiring re-exploration) 28% (95% CI: 22–32)

Renal complications 28% (95% CI: 22–36)

Infections 24% (95% CI: 19–30)

Thrombosis 7% (95% CI: 5–11)

Neurological complications 7% (95% CI: 4–11)

Haemolysis 3% (95% CI: 1–6)

Device failure 0.08% (95% CI: 0.0–0.5)

VAD, ventricular assist devices. 

Table 5 Adverse event rates for implanted VAD support within 
the first 3 months of implantation—events/100 patient months 
[informed by Kirklin et al. (46)]

Complication
Event rate  

(per 100 patient months)

Bleeding 16.24

Myocardial infarction 0.11

Arrhythmia 10.45

Pericardial effusion requiring drainage 1.79

Non-CNS arterial thrombosis 0.34

Venous thrombosis 1.38

Infection 13.63

Stroke 2.42

Neurological event—non stroke 1.33

Renal dysfunction 3.51

Hepatic dysfunction 0.94

Respiratory failure 6.68

Psychiatric episode 1.56

VAD, ventricular assist devices.
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extracorporeal circuit is a serious complication. Thrombus 
formation is multifactorial. The non-biological surfaces are 
a strong activator of the coagulation cascade. As such there 
is a tight balance between the risk of thrombosis vs. the 
risk of bleeding when managing patients anticoagulation. 
Pump thrombosis can manifest clinically as haemolysis and 
this should be assessed regularly. Thrombosis can result in 
embolic CVA, peripheral or visceral embolism and heart 
failure and may require a change of device with significant 
risk of morbidity and mortality (45,49). The emergence of 
the newest generation devices has resulted is a remarkable 
reduction in this complication—occurring in only 1.4% 
of patients with Heartmate 3 compared to 13.9% with 
Heartmate II in the Momentum 3 study.

Neurological complications
Neurological complications are devastating and increase 
significantly mortality, but also can render a patient 
no longer suitable for transplantation. Neurological 
complications include transient ischaemic attack and 
haemorrhagic or ischaemic CVA and are associated with 
bleeding and thrombotic complications described above.

Infections
Infection is an important source of morbidity in patients with 
VADs. For patients with temporary circuits, the perioperative 
risk of infection is present, with the risk of infection at the 
subcutaneous exit site of the cannulae. For patients with 
implanted LVADs, the driveline is an important source 
of infections—with a direct communication between the 
environment and the implanted pump. This occurs in over 
a quarter of patients within the first 2 years of support. As 
such patients should be taught to recognise the early signs 
of infection, and infections must be treated aggressively 
to reduce the risk of life-threatening complications. The 
presence of infections have been associated with development 
of vasoplegia at the time of transplantation which may be 
associated with inferior outcomes (50).

Aortic insufficiency
Aortic insufficiency is a problem that affects 11% of patients 
with implanted LVAD over time (51). The development 
of aortic insufficiency is thought to be a consequence of 
the haemodynamics imposed by continuous-flow devices: 
(I) persistent aortic valve closure due to persistent high 
pressure leading to structural remodelling of the valve 
leaflets and commissural fusion; and (II) aortic root 
dilatation that occurs due to aortic wall remodelling in the 

media, due to the absence of pulsatility.

Right ventricular failure
Patients with significant LV dysfunction often also have an 
element of RV impairment. Patients who are treated with 
an LVAD can subsequently develop RV failure. Patients 
treated with temporary VADs often have a biventricular 
configuration (BI-VAD) in order to avoid this complication. 
For patients having an implanted LVAD, right heart 
failure complicates up to 40% of patients depending on 
selection and the definitions used (52). It is believed that 
this relates to alteration in the mobility and position of 
the interventricular septum. With an unloaded LV, the 
septum bows towards the LV and this is thought to worsen 
tricuspid regurgitation and lead to reduced right ventricular 
stroke volume (53). Furthermore, the increased LV output 
may lead to greater strain being placed on the RV due to 
increased venous return.

Ventricular arrhythmias
In patients with an implanted LVAD the development of 
ventricular arrhythmias can be a serious complication. It is 
thought that arrhythmias can develop for a range of reasons, 
including development of scar tissue at the apical entry 
point of the device, and secondary to the inflow cannula 
interacting with the septal and lateral wall endocardium. 
In many patients, ventricular arrhythmias are present prior 
to LVAD implantation due to pre-existing myocardial 
substrate. These have been shown to increase morbidity and 
mortality in LVAD patients.
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