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Abstract
Heart failure is a significant cause of mortality in children with cardiovascular diseases. Treatment of heart failure depends 
on patients’ symptoms, age, and severity of their condition, with heart transplantation required when other treatments are 
unsuccessful. However, due to lack of fitting donor organs, many patients are left untreated, or their transplant is delayed. 
In these patients, ventricular assist devices (VADs) are used to bridge to heart transplant. However, VAD support presents 
various complications in patients. The aim of this study was to compile, review, and analyse the studies reporting risk factors 
and aetiologies of complications of VAD support in children. Random effect risk ratios (RR) with 95% confidence intervals 
were calculated to analyse relative risk of thrombosis (RR = 3.53 [1.04, 12.06] I2 = 0% P = 0.04), neurological problems (RR  
= 0.95 [0.29, 3.15] I2 = 53% P = 0.93), infection (RR = 0.31 [0.05, 2.03] I2 = 86% P = 0.22), bleeding (RR = 2.57 [0.76, 8.66]  
I2 = 0% P = 0.13), and mortality (RR = 2.20 [1.36, 3.55] I2 = 0% P = 0.001) under pulsatile-flow and continuous-flow VAD 
support, relative risk of mortality (RR = 0.45 [0.15, 1.37] I2 = 36% P = 0.16) under left VAD and biVAD support, relative risk  
of thrombosis (RR = 1.72 [0.46, 6.44] I2 = 0% P = 0.42), infection (RR = 1.77 [0.10, 32.24] I2 = 46% P = 0.70) and mortality 
(RR = 0.92 [0.14, 6.28] I2 = 45% P = 0.93) in children with body surface area < 1.2 m2 and > 1.2 m2 under VAD support, 
relative risk of mortality in children supported with VAD and diagnosed with cardiomyopathy and congenital heart diseases 
(RR = 1.31 [0.10, 16.61] I2 = 73% P = 0.84), and cardiomyopathy and myocarditis (RR = 0.91 [0.13, 6.24] I2 = 58% P = 0.92). 
Meta-analyses results show that further research is necessary to reduce complications under VAD support.
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Introduction

Paediatric heart failure is a significant cause of morbidity 
and mortality in children [1]. In the USA alone, heart fail-
ure affects approximately 12,000 to 35,000 patients under 
the age of 19 years annually [2]. In cases with underlying 
diseases, including cardiomyopathy and congenital heart dis-
ease, early deaths are generally the result of severe heart fail-
ure, whilst late deaths are caused by arrhythmias in children 
where cardiac function does not improve with treatment. 
Heart failure is linked to cardiomyopathy in approximately 
27% of heart failure paediatric patients [2], and congenital 

heart disease takes place in an estimated 20% of all patients 
[3].

Treatment of heart failure in paediatric patients depends 
on symptoms, age, overall health, and the severity of the 
condition. Numerous pharmacological therapies are used to 
improve heart failure, including Digoxin, a cardiac glycoside 
that decreases heart rate and increases ventricular filling, 
and Beta-blockers which inhibit the release of adrenaline 
and noradrenaline reducing heart rate. Other pharmacologi-
cal therapies include diuretics which decrease systemic and 
pulmonary congestion and angiotensin-converting enzyme 
(ACE) inhibitors that target ACE activity which is respon-
sible for hormones that narrow blood vessels in order to aid 
blood pressure control. Therefore, by inhibiting ACE activ-
ity, blood vessels relax and widen leading to a reduction in 
blood pressure and an improved blood flow [3].

Treatment of heart failure can be unsuccessful in severe 
cases. One of the main reasons for this is that when selecting 
a medical therapy for paediatric heart failure, the decision 
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usually depends on results recorded in adult heart failure 
trials, as there is more literature in the adult population, and 
only a few paediatric guidelines [1]. Therefore, treatment 
is negatively affected as there are substantial difficulties in 
employing adult data to paediatric patients due to numer-
ous reasons including, developmental factors, age difference 
from birth to adolescence, and contrasting gene expression 
profiling between paediatric and adolescent tissue specimens 
[4].

Even though medical treatment has been observed to 
improve survival rate, along with quality of life of paediat-
ric patients suffering from heart failure, there is a substantial 
percentage of paediatric patients who still have unfortunate 
outcomes and thus require advanced heart failure treatment, 
including mechanical support, for instance, VADs, and heart 
transplantation [5]. However, the present state of donor 
organ supply with lack of fitting donor organs means that 
many patients are either left untreated, or their transplant is 
delayed. In those patients who do not receive a timely heart 
transplant, VADs are used to bridge the time between the 
decision to transplant and the actual transplantation itself. 
The aim of VADs is to either replace the failing ventricle 
function until heart transplantation or to allow the patients’ 
heart to recover, by offering additional pumping support. 
VAD implantation has progressively become a widespread 
treatment for end-stage heart failure in paediatric patients 
[6].

The most popular VAD used in the paediatric population 
is the first-generation Berlin Heart EXCOR pulsatile-flow 
device (Berlin Heart GmbH, Berlin, Germany), as it can 
be implanted in patients with a body surface area (BSA) of 
0.6 m2 or less. It is placed in a para-corporeal location and 
offers a range of volume chambers between 10 and 80 mL 
[7]. The HeartMate II device (Thoratec, Pleasanton, CA) is 
believed to be a suitable option for paediatric patients with a 
BSA over 1.3 m2 [8], with over 90% of patients successfully 
bridged to transplant [9]. Another type of HeartMate device 
is the HeartMate III (Thoratec, Pleasanton, CA) which is 
a centrifugal pump [10]. The HeartWare continuous-flow 
device (HeartWare, HeartWare Systems, Framingham, MA) 
was designed for patients with BSA under 1.0 m2, and it is a 
small device that is placed in the pericardial space and does 
not need a VAD pocket. This centrifugal device offers up to 
10 L/min blood flow [11].

Despite their various advantages, VAD support is also 
observed to cause a wide range of serious adverse events, 
with bleeding and thromboembolic complications being the 
most common and most severe [12]. Other adverse events, 
including infections, sepsis, multi-organ failure, device mal-
function, acquired von Willebrand Disease, or neurological 
injury, have also been recorded. The complications seen with 
VAD implantation are associated with several factors, but 
exact causes and mechanisms remain unclear.

The aim of this project is to compile, review, and analyse 
the studies reporting risk factors and aetiologies of compli-
cations under VAD support in paediatric patients.

Methods

The systematic review and the meta-analyses were carried 
out following PRISMA guidelines. PRISMA is an evidence-
based minimum set of items for reporting in systematic 
reviews and meta-analyses [13, 14].

Research papers describing experiences and outcomes 
of VAD implantation in the paediatric population indexed 
in PubMed between 2010 and 2020 were analysed. Publi-
cations reporting experiences with VADs and their com-
plications worldwide were included only if their work was 
published in English along with their native languages. The 
process of selecting publications and collecting data was 
completed on 9 July 2020.

The full search strategy adopted during this review was 
searching various keywords along with VADs and paediat-
rics. The screening process of eligible publications involved 
searching keywords for paediatric patients, VAD, LVAD, 
BiVAD, mortality rates, complications, outcomes, Heart-
ware, Heartmate III, Berlin EXCOR, patient selection pro-
cess, anti-coagulation used, and duration of VADs. Eligibil-
ity for the meta-analysis included more specific variables, 
including research that compared the two types of devices 
(pulsatile-flow and continuous-flow), and studies which 
clearly stated different complication data, as well as BSA 
and other characteristics.

Eighty papers were identified through the database 
searching. During the screening process, 9 publications were 
removed from total 80 publications of as they did not possess 
all the relevant keywords and data recorded for this analysis. 
The eligibility process for both qualitative and quantitative 
analysis excluded further 34 papers out of 71 publications, 
leaving 37 papers (Fig. 1). Twelve papers were used in the 
meta-analyses since all 37 papers did not specifically com-
pare devices or complications and only stated overall results. 
However, these papers were used to report results and com-
plications that arose from VAD experiences. The full flow 
diagram of the systematic review is given in Fig. 1.

The list of variables sought within the included publi-
cations was the patient selection process, including BSA 
and previous diagnosis causing end-stage heart failure, for 
instance, cardiomyopathy, congenital heart disease, and 
myocarditis. The other variables included anticoagulation 
therapy, VAD type and duration of implant, and outcome 
of the specific device used, including complications such as 
neurological events, thrombosis and infections, and survival 
rates.
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The differences between mortality rates and compli-
cations of pulsatile-flow and continuous-flow devices, 
comparing death rates of left (LVAD) and biventricular 
VAD devices, were included together with correlations 
between patient BSA with both mortality rate and compli-
cations. Also, the differences between the mortality rates 
of the three most prevalent diseases that cause end-stage 
heart failure within paediatric patients, cardiomyopathy, 
congenital heart disease, and myocarditis were analysed. 
Results were combined and presented in forest plots along 
with their risk ratios, 95% confidence intervals (CI), 
and p-values using Review Manager 5.4 (The Cochrane  
Collaboration, London, UK).

The risk of bias of the individual studies was assessed 
through Review Manager 5.4; each study was analysed 
to determine whether they were at low or high risk of the 
following possible biases: random sequence generation, 
blinded investigators and patients, blinding of outcome 
assessor, incomplete outcome data, and selective report-
ing. The risk of bias tables is given as supplementary 
materials.1

Results

Thrombosis

The pulsatile-flow Berlin EXCOR VAD has a higher rate 
of thrombosis compared with the continuous-flow devices, 
HeartWare and Heartmate, as reported by several studies 
reviewing rates of thrombosis: for instance, Jordan et al. 
[15] reported 86 thrombotic events in 204 patients changes 
are required, as shown in Polito et al. [16] where 9 out 
of 25 patients implanted with a Berlin EXCOR, under-
went pump changes as a result of thrombosis. Addition-
ally, Hetzer et al. [17] reported 35 pump exchanges due 
to thrombosis were required out of 122 Berlin EXCOR 
implanted patients. Another paper using Berlin EXCOR 
stated that 3 out of their 4 patients developed thrombosis 
and needed pump exchanges [18]. Also, when comparing 
the use of Berlin EXCOR in single ventricle and double 
ventricle patients, researchers discovered that in their 
26 single ventricle patients, 7 developed thrombosis and 

Fig. 1   Flow diagram of the 
systematic review
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required pump changes [19]. In their 255 double ventricle 
patients, 103 patients experienced thrombotic events and 
received pump changes. Furthermore, in another study, 
they reported that 5 of their 9 Berlin EXCOR patients 
developed thrombosis [20].

In contrast, when investigating HeartMate II, Cabrera 
et al. [9] reported only 1 of their 28 patients had thrombosis. 
Granegger et al. [21] reported that only 2 of their 14 patients 
developed thrombosis under HeartWare support. Moreover, 
research investigating both continuous-flow devices in 51 
patients reported 4 incidences of thrombosis [22]. Further 
supporting the belief that continuous-flow devices develop 
less thrombosis than pulsatile-flow devices, thrombosis was 
not reported in the case reports investigating HeartMate 
devices [23–26].

Neurological complications

When reviewing and analysing the literature, high neurologi-
cal injury rate was recorded with Berlin EXCOR compared 
with the continuous-flow devices. For instance, Su et al. [27] 
reported that 50% of their 10 deaths were due to neurological 
injury of patients on pulsatile-flow device support. Simi-
larly, another study stated that they had 3 deaths in 9 patients 
implanted with Berlin EXCOR, and 100% were a result of 
neurological injury [20]. Additionally, Jordan et al. [15] 
discovered that 59 out of their 204 Berlin EXCOR patients 
experienced neurological events. Finally, in another study 
using Berlin EXCOR, 9 patients out of 25 suffered from 
neurological injuries whilst on support [16].

Despite most papers reported neurological events in pae-
diatric patients supported with pulsatile-flow devices, neu-
rological events also occur with the support of continuous-
flow devices. As shown in a study by Cabrera et al. [9], 
they reported neurological problems in paediatric patients 
on HeartMate II.

Infections

Infections are common in patients implanted with VADs and 
can lead to severe consequences, including sepsis and death. 
In a pulsatile-flow device study by Schweiger et al. [18] with 
4 patients, 1 of their patients developed sepsis. Additionally, 
Polito et al. [16] reported high cases of infections as 12 of 
their 25 patients had minor infections and 3 of these later 
developed sepsis. Chen et al. [28] reported that 50% of the 
patients suffered from infections under VAD support. Infec-
tions are also seen in continuous-flow devices as a study 
reported that 5 of their 18 HeartWare patients developed 
infections, compared with 1 patient in their 98 pulsatile-flow 
patients [29]. Cabrera et al. [9] reported infection in 16 of 28 
patients under HeartMate II support.

Bleeding and acquired von Willebrand factor

Bleeding is a significant issue present in paediatric patients 
on VAD support with all devices. Gossai et al. [30] expe-
rienced minor bleeding in 15 out of their 19 patients on 
pulsatile-flow devices. In another study investigating the use 
of pulsatile-flow devices, it was reported that in 27 patients, 
34 bleeding events occurred [31]. Additionally, Byrnes 
et al. [32] found that 47% of their 43 pulsatile-flow device 
implanted patients experienced bleeding events. Steiner 
et al. [33] also reported major bleeding events in 43% of 68 
patients on VAD.

Cabrera et al. [9] reported bleeding in 6 of 28 patients 
under HeartMate II continuous flow device support. In a 
study investigating the use of HeartWare in paediatric 
patients, 42.9% of 14 patients experienced major bleeds, 
and 28.6% had major bleeding events after eight weeks of 
implantation [21]. Additionally, another paper reported that 
major bleeding events were a common cause of death in 205 
HeartWare patients [34]. McMillan et al. [35] also stated that 
4 out of their 11 paediatric patients had minor bleeds whilst 
on HeartWare.

Acquired von Willebrand disorder (vWD) results from 
the activation of vWF through shear stress, caused by the 
implantation of a VAD, and leads to bleeds. For instance, 
Gossai et al. [30] found that all of their 10 patients that were 
diagnosed with acquired vWD had bleeds. Additionally, it 
was reported by Kubicki et al. [36] that 75% of their acquired 
vWD patients under VAD support had bleeds. In another 
study, one patient developed acquired vWD and died as a 
result of bleeding complications [37].

Mortality under VAD support for the diseases

Overall, congenital heart disease has a higher death rate 
than other diseases. Hetzer et al. [17] reported the high-
est mortality rate (53.3%) in patients with congenital heart 
disease, whereas for cardiomyopathy, it was 26.8% and for 
myocarditis 17.6%.

Amongst congenital heart disease, single ventricle is 
believed to have the highest mortality rate in paediatric 
patients implanted with VADs. Weinstein et al. [19] com-
pared single ventricle with double ventricle patients on Berlin 
EXCOR and discovered that the single-ventricle patients had 
a 42.3% death rate, whereas double-ventricle patients had 
23.1%. Furthermore, another study reported a 100% mortal-
ity rate of their single ventricle patients on Berlin EXCOR 
support [38]. Additionally, during a study by Chen et al. [28] 
investigating single-ventricle paediatric patients, they found 
that 100% of their 3 single ventricle patients died on Berlin 
EXCOR, whereas 2 out of 6 died on Heartware (33.3%). 
However, when reviewing six case reports including one 
patient in each ranging from 18 to 21 years old, there were 
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no deaths reported for both pulsatile-flow and continuous-
flow devices [39–44]. This contradicts most data stating that 
the majority of single ventricle patients die whilst on VAD 
support, especially on the Berlin EXCOR device.

Cardiomyopathy is a prevalent disease amongst patients 
requiring VAD implants. This is the result of cardiomyo-
pathy patients having high survival rates overall compared 
with other conditions. Many studies have reported low mor-
tality rates with cardiomyopathy. Vanderpluym et al. [45] 
reporting that 1 out of 9 cardiomyopathy patients died. Also, 

McMillan et al. [35] which had 8 cardiomyopathy patients, 
Owens et al. [23] with 3 patients. and both Hetzer et al. [40] 
and Pfister et al. [25] with 1 patient all reported no deaths in 
their cardiomyopathy patients.

For myocarditis, in a number of case reports, including 
one to two patients, a 100% survival rate was reported in all 
cases [23, 45]. However, in McMillan et al. [35], the only 
death of the cohort was the myocarditis patient under VAD 
support. Hetzer et al. [17] reported that 9 patients out of 17 
successfully weaned off VAD support.

Fig. 2   Forest plots for thrombus formation, neurological events, infection, bleeding, and mortality under pulsatile-flow and continuous-flow 
VAD support
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Meta‑analyses

Meta-analysis results, comparing neurological complica-
tions, bleeding, infection, thrombosis, and mortality rates 
for different type of VADs, supported ventricles; BSA and 
diseases are shown in Figs. 2, 3, 4 and 5.

Risk ratios for complications and mortality of pulsatile-
flow and continuous-flow VAD support are reported in 
Fig. 2.

Nassar et al. [46] and Sandica et al. [37] reported less 
thrombus formation under continuous-flow VAD support. 

Nassar et al. [46] and Redondo et al. [29] reported more 
favourable VAD support outcome for neurological prob-
lems under continuous-f low VAD support, whereas 
Sandica et al. [37] was in favour of pulsatile-flow VAD 
support. Nassar et al. [46] reported less infection under 
continuous-flow VAD support, whilst Redondo et al. [29] 
and Sandica et al. [37] reported more favourable pump 
support for pulsatile-flow VADs for infection. Bleeding 
rates in the patients in Redondo et al. [29] and Sandica 
et al. [37] were in favour of continuous-flow VAD sup-
port. Blume et al. [47] and Redondo et al. [29] reported a 

Fig. 3   Forest plot for the mortality under left ventricular assist device (LVAD) and biventricular assist device (BiVAD) support

Fig. 4   Forest plots for thrombus formation, infection, and mortality for body surface area (BSA) under VAD support
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better outcome for mortality under continuous-flow VAD 
support. In contrast, Nassar et al. [46] and Sandica et al. 
[37] reported higher survival rates under pulsatile-flow 
VAD support. Forest plot for the mortality under LVAD 
and BiVAD support is given Fig. 3.

Moreno et al. [48] and Peng et al. [49] reported higher 
survival rates under BiVAD support, whereas survival rates 
under LVAD support were higher in Sandica et al. [37], 
Steiner et al. [33], and Su et al. [27]. Risk ratios for throm-
bus formation, infection, and mortality for body surface area 
under VAD support are given in Fig. 4.

Pac et al. [50] reported relatively low thrombus for-
mation for the BSA > 1.2 m2, whereas Schweiger et al. 
[22] reported similar thrombus formation rates for the 
BSA > 1.2 m2 and BSA < 1.2 m2. There was less infec-
tion in the patients with BSA < 1.2 m2 in Pac et al. [50], 
whilst Schweiger et al. [22] reported higher infection 
rates in the patients with BSA < 1.2 m2. All patients 
with BSA < 1.2 m2 survived under VAD support in Pac 
et al. [50], whereas Schweiger et al. [22] reported rela-
tively low survival rates in the patients with BSA < 1.2 
m2 under VAD support. Risk ratios for deaths in cardio-
myopathy, congenital heart disease and myocarditis with 
VAD support are given in Fig. 5.

Hetzer et al. [17] reported a lower risk of death for the 
patients with cardiomyopathy than the patients with con-
genital heart disease under VAD support. However, Su et al. 
[27] reported a higher risk for patients with cardiomyopathy 
under VAD support. Hetzer et al. [17] and Pac et al. [50] 
reported higher survival rates for patients with myocardi-
tis than patients with cardiomyopathy. On the other hand, 
Mcmillan et al. [35] were in favour of VAD support for car-
diomyopathy cases.

Discussion

In this review, it was shown that although VAD sup-
port can help bridge paediatric patients to transplant and 
help the heart recover its function in some cases, the 
devices initiate numerous complications, including infec-
tions, neurological injury, bleeding, and thromboembolic 
events [12].

Currently, there are various factors believed to cause 
thrombosis, including device material, infection, and inad-
equate anticoagulation, with rate of thrombosis increasing 
with the duration of implantation [51]. As highlighted by 
the results, pulsatile-flow devices have a higher thrombotic 
rate than continuous-flow devices. This could be due to the 
device design as pulsatile-flow devices are prone to stag-
nating flow. The chamber of these devices fills with blood 
which is then ejected by a membrane. At every cycle, as 
the refilling of the chamber takes time, there is increased 
particle residence with red blood cells accumulating, 
resulting in thrombosis arising in the stagnation regions 
[52]. The main issue with Berlin EXCOR is a 20–30% 
risk for neurologic complications when supporting the 
systemic ventricle. This high stroke rate is caused mainly 
by thrombus formation on the valves of the device [53]. 
Continuous-flow devices have lower rates of thrombosis 
as they are not only smaller devices, but also have pro-
grammed pump speeds to avoid thrombosis [54]. How-
ever, various studies still report high rates of thrombosis 
in continuous-flow devices. It is believed that continuous-
flow devices develop thrombosis due to the rotors in the 
continuous-flow pump which can cause elevated shear 
stresses, primary cause of pump thrombosis [51].

Fig. 5   Forest plots for the deaths because of cardiomyopathy, congenital heart disease, and myocarditis under VAD support
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Additionally, thrombus formation frequently found on 
the rotor has been linked to the heat generated by the pump, 
regardless of design changes to reduce rotation-generated 
heat [55]. These issues were targeted when inventing  
HeartWare as it contains a magnetically levitated rotor  
and can achieve the same amount of flow as axial devices, 
but at significantly lower rotational speed due to their 
large rotor diameter [4], explaining why third-generation  
devices have less thrombosis than pulsatile-flow devices.

Another device-related factor believed to create pump 
thrombosis is the increase in lactate dehydrogenase levels at 
high VAD power, stated by Peng et al. [49] when investigat-
ing HeartWare thrombosis in two patients. This is supported 
by another study that reported high dehydrogenase levels 
and high blood pressure in patients with thrombosis [21].

Both continuous and pulsatile-flow devices experience neu-
rological complications; however, the Berlin EXCOR device 
is seen to have a much higher rate. Despite this pulsatile- 
flow device having excellent survival rates as approximately 
84% of patients on this device is bridged to transplant [29], 
its main issue is the approximate 25–31% risk for neurologic 
injury [53]. This was demonstrated in a study where 30.61% 
experiences neurological injury [29]. This high neurological 
injury rate has been linked to thrombus formation on the 
polyurethane tri-leaflet valves of the device as a result of 
backflow [53]. It has been suggested by various researchers 
that with a strict anticoagulation procedure and experienced 
medical staff, the rate of neurological complications related 
to thrombosis could be reduced [37]. The high occurrence of 
neurological complications in pulsatile-flow VADs could be 
also linked to the duration of the implant, with researchers 
reporting no neurological events in 80.7% of patients with 
VADs for < 90 days [16]. Neurological complications have 
been reported in continuous-flow devices at a much lower 
rate than pulsatile-flow devices [56].

Bleeding is the most common issue faced post-implantation 
of VADs as it leads to re-operation up to 60% of patients 
[57]. It is more common in paediatric patients on either 
BiVAD support, those needing anticoagulation before VAD 
implantation and those with severe diagnosis [58]. Bleeding 
events can occur due to the high shear stresses caused by the 
VAD system, resulting in erythrocytes haemolysis and the 
development of acquired vWD [57, 59].

Additionally, patients placed on continuous-flow devices 
may be at higher risk for the development of platelet dys-
function [60] and should be screened for acquired vWD [61]. 
In a study, they found that most patients on continuous-flow 
devices developed acquired vWD [62], and in another report, 
one patient diagnosed with this disorder experienced several 
bleeding episodes whilst on continuous support eventually 
resulting in death [37].

Therapies to control acquired vWD are limited. However, 
in a study by Nubret et al. [63], they managed to control this 

factor in a child with dilated cardiomyopathy and BiVAD 
support that experienced persistent bleeding by changing 
anti-coagulant therapy from heparin to wilfactin. Addition-
ally, treatment of acquired vWD is also being investigated by 
using VWF-containing concentrate, for instance, Humate-P 
to control bleeding before restarting anticoagulation [64].

Infections are also a common complication linked to 
VAD support, recorded in approximately 50–69% of patients 
[54]. As infections can lead to severe cases of sepsis and 
death, controlling this complication is paramount. Infections 
frequently arise as a result of prolonged hospitalisation time 
and invasive treatment [54], for instance, re-exploration due 
to pump thrombosis. Moreover, infections are believed to 
induce pro-coagulant response which can complicate anti-
coagulation therapy [65].

Cardiomyopathy is the most prevalent disease seen in 
patients requiring VAD implantation, which is considered 
a successful treatment option for these patients [54]. This is 
proven when considering the cardiomyopathy patients on the 
waiting list for heart transplants, where VAD implantation 
was not included as a risk factor for fatality [66]. VAD sup-
port can be implanted for extended amounts of time, making 
it an ideal treatment in different circumstances [54].

Moreover, VAD support is a successful bridge to recov-
ery [54] for those paediatric patients with heart failure 
caused by myocarditis as most successfully wean off sup-
port [67]. Additionally, paediatric patients implanted with 
VAD support straight after heart failure diagnosis were more 
likely to wean off support [54]. This could be due to early 
VAD implantation allowing the ventricle not to overwork, 
therefore halting heart failure progression [54]. Implanting 
VAD support into congenital heart disease patients is still 
challenging [68] as they need additional device insertion 
alterations and anticoagulation therapy [35]. Therefore, it is 
essential to appropriately evaluate the anatomy of the patient 
before implantation, taking into consideration any prior car-
diac procedures [29]. Compared with cardiomyopathy paedi-
atric patients, congenital heart disease patients have a much 
lower survival rate with patients over 10 years old being 
more likely to live compared with infants under a year [68].

Approximately 15% of heart failure patients supported 
with VAD require Biventricular VAD support [69]. How-
ever, BiVAD support has an overall higher death rate than 
LVAD support as shown in the results section. This could 
be because the use of BiVAD support is linked to extensive 
operative and bypass times, as well as an increased rate of 
postoperative bleeds [58]. Furthermore, BiVAD lower sur-
vival rates have led to reduced use [70], which could have 
influenced by the negative results reported by numerous 
studies in BiVAD patients [69].

Numerous studies have reported that paediatric patients 
under 1 year of age do have a lower survival rate than those 
between the ages of 11–19 [47]. This could explain the higher 
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mortality in pulsatile-flow compared with continuous flow 
devices, as pulsatile-flow VADs are predominantly utilised 
in both younger and smaller patients, whereas continuous-
flow devices are mainly used in older paediatric patients [47]. 
Moreover, weight is considered an important factor during 
patient selection for VAD support, especially in younger pae-
diatric patients [7]: 64% patients under 5 kg died compared 
with only 25% of patients between 5 and 10 kg in Navaratnam 
et al. [7]. However, the relation between weight and BSA 
with VAD mortality has not yet been confirmed, thus making 
it difficult to determine whether they influence outcomes. In 
Conway et al. [34], the authors found no statistically signifi-
cant difference in survival with different BSA groups; how-
ever, there was a slight trend toward inferior outcomes in 
smaller paediatric patients, but the disease complexity in the 
smaller patients could be a confounding factor [34].

The majority of studies had similar limitations with the 
commonest being the small sample size. Additionally, some 
studies did report non-randomised methods, thus making 
them at high risk of random sequence bias. Also, as the 
meta-analysis contained contradicting results in some of the 
analysis, these conclusions could not be confirmed.

In conclusion, paediatric VAD support has led to high 
survival rates, of approximately 86% [29], in heart failure 
patients as they are bridged to heart transplants, as well as 
allowing a small percentage of these to wean off support 
with a stronger heart. However, VADs are seen to lead to a 
number of complications, including, thrombosis, neurologi-
cal injury, infections, and bleeding. Further studies reporting 
clinical experience, and research into minimising these com-
plications by improving the devices in terms of material and 
size, are vital for the future of VAD therapy in heart failure.
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