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Abstract

Left ventricular assist device (LVAD) infections are important causes of morbidity and 
mortality in patients who receive these mechanical circulatory supports as a bridge to 
transplantation (BTT) or as destination therapy (DT) (for individuals who are not candi-
dates for cardiac transplant). Infections are more common among persons who received 
pulsatile flow LVADs as opposed to newer continuous flow (CF) devices. Other risk fac-
tors for infection include obesity, renal failure, depression and immunosuppression. An 
LVAD infection increases the risk of infections in persons who undergo cardiac trans-
plantation. Infections include percutaneous site, driveline, pump pocket and pump/can-
nula infections; sepsis, bacteremia, mediastinitis and endocarditis. Diagnosis is achieved 
by monitoring LVAD flow parameters and observing typical clinical and laboratory man-
ifestations of infection. Imaging such as PET-CT or SPECT-CT imaging can be helpful to 
establish a diagnosis of pump pocket infection. Echocardiography may aid in detecting 
native valve endocarditis and thrombus associated with the LVAD. The most common 
pathogens include Staphylococcus, Corynebacterium, Enterococcus, Pseudomonas and Candida 
spp. Treatment requires targeted antimicrobials plus surgical debridement of infected 
tissue and device components. In cases of pump/cannula/LVAD endocarditis, especially 
if fungal pathogens or Mycobacterium chimaera are involved, LVAD removal/reimplanta-
tion vs. transplant is necessary, combined with extended antimicrobial therapy.

Keywords: left ventricular assist device, driveline infections, pocket infection, 
endocarditis

1. Introduction

Surgical management of heart failure has revolutionized the lives of patients with symptom-

atic end stage heart disease of all causes (reviewed in [1–3]). The first left ventricular assist 
device (LVAD) was implanted in 1963 by Liotta and Crawford ([4] and references therein), 
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followed by the implantation of the first artificial heart by Cooley in 1969, as a bridge to 
transplant. The famous Jarvik 7 artificial heart was implanted in 1984 by De Vries. It was not 
until 1994 that the FDA first approved the LVAD as a bridge to transplant, and only in 2010, 
was the HeartMate II LVAD, a continuous flow (CF) device, approved as destination therapy 
([4, 5] and references therein). After January 2010, only continuous flow devices i.e. HeartMate 
II have been implanted. The HeartMate III, Heartware HVAD and the Jarvik 2000 LVADs are 
currently under study in clinical trials [6–8]. An increasing number of patients are receiving 

non-surgically deployed LVADs such as the Impella 5.0 (5 L/min flow) as they await a decision 
regarding cardiac transplantation versus destination therapy with a larger (10 L/min flow) 
standard device [9]. More and more patients who are not considered candidates for trans-

plantation are receiving destination LVADs and have significant improvement in their NYHA 
functional class and quality of life despite the numerous potential complications that these 

patients often face [1, 10, 11]. As devices evolve, becoming ever smaller, more compact and 

potentially entirely contained within the patient, it is anticipated that many of the complica-

tions, particularly infectious complications, will diminish in frequency. However, with the cur-

rent state-of-the-art, infectious complications including drive line infections, pocket infections, 
bacteremia and the most dreaded infectious complication, endocarditis and associated mycotic 

aneurysms, remain important causes of morbidity and mortality in LVAD recipients, both des-

tination therapy (DT) and as a bridge-to-transplant (BTT). In this review, we will not consider 

complications of devices used in so-called “bridge to decision” therapy such as the Impella 5.0.

The continuous axial flow HeartMate II is now the most common LVAD in use in the US; 
between 2006 and 2016 a total of 17,008 CF LVADS have been implanted with 81% 1 year 
survival [12]. LVADs including HeartMate II and other devices have been reviewed in [1, 3, 4, 

13–17]. Newer centrifugal flow devices, HeartMate III and HeartWare HVAD that are smaller 
and reportedly less prone to thrombosis and device failure are in clinical trials in the US [7, 8, 

18] but have been utilized successfully in other parts of the world [19].

This review will focus on several aspects of LVAD infections including the rare complication 

of endocarditis, and will identify gaps in knowledge regarding diagnosis of LVAD infections, 
treatment and prevention of these infections. Differences in rates of infection in bridge vs. 
destination therapy will be discussed but the focus of review will be on destination therapy 

as that is where we see the most infectious complications. The epidemiology and microbiol-

ogy of LVAD infections will also be addressed including risk factors and the impact of device 
related complications on post-transplant infectious complications. Mycobacterium chimaera 

LVAD infections will also be discussed.

2. Epidemiology and risk factors for LVAD infections

Several studies have looked at various aspects of LVAD candidates in terms of their risk 
of developing complications including infections. A significant reduction in infections has 
already been noted in a randomized trial comparing older pulsatile flow LVADs to current 
continuous flow (CF) LVADs [5]. The improvement in infection rates was felt to be due to the 

smaller size of the device and the driveline caliber [20]. An observational study of LVAD type 
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(pulsatile versus CF) spanning 2000–2009 in a single institution concluded that differences 
in infectious complications in that cohort were more related to when the device had been 

implanted, with more recent implantations showing fewer infections [21]. Subsequent inno-

vations (axial to centrifugal flow) have not resulted in a reduction in infectious complica-

tions [7, 8] with an actual increase in sepsis with the Heartware HVAD device compared to 

HeartMate II control [7]. Studies have looked at factors including age [22], gender [23], body 

habitus including both small patients [24] and obesity [25], trauma [26], duration of LVAD 

support [27] as well as presence of comorbid conditions such as diabetes [28–30], depres-

sion and chronic kidney disease (CKD) [31], alcoholism and immunosuppression [29], and 

malnutrition ([32, 33] and references therein). In a Japanese multicenter trial looking at 300 
patients receiving HeartMate II between April 2013 and December 2016, patients older than 
60 had similar overall survival and risk of driveline and pocket infections [22]. An older 

study found that age and the presence of diabetes were associated with increased risk of 
LVAD endocarditis [34] with a median age of 59 among patients with endocarditis compared 

with a median age of 53 in those without (p = 0.02). Women receiving LVADs were often 
sicker (Interagency Registry of Mechanically Assisted Circulatory Support (INTERMACS) 
cohorts 1 or 2) and had significantly higher bleeding complications, arrhythmias and right 
heart failure, but not infectious complications [23]. Driveline infections were slightly more 

common in smaller (body surface area (BSA) < 1.5 m2) patients (13 vs. 12 patients, p = 0.003) 
but mediastinal infections occurred in 2 patient with BSA > 1.5 m2 with no cases among 

smaller patients [24]. Clerkin et al. examined data from a BTT cohort of 3856 patients 
between 2004 and 2014, and found that patients with a body mass index (BMI) >35 kg/m2 

had a trend towards increased infection risk (hazard ratio 1.59, 95% confidence interval 
0.99–1.94, p = 0.058) [25]. Diabetes mellitus as a risk factor for infection was studied among 
341 individuals who underwent LVAD implantation at Mayo Clinic between 2007 and 2016 
[28]. Thirty-eight percent of the LVAD recipients had diabetes, and those patients also had 

significantly more ischemic cardiomyopathy as a cause for LVAD implantation, more were 
receiving LVADS as destination therapy and these patients also had higher BMI than those 
without diabetes. Looking at a composite endpoint of stroke, pump thrombosis and infec-

tions, patients with diabetes were 2.1 times more likely to have a poor outcome. There was a 
1.73 fold increased risk of all cause mortality among diabetic patients as well. Interestingly, 
pre-operative hemoglobin A1C (HgbA1c) levels were not related to adverse outcomes, and 
LVAD recipients experienced lower HgbA1cC levels and lower diabetes medication require-

ments post-implantation. A large prospective multicenter trial of 86 HeartMate II recipients 
identified depression and CKD as independent risk factors for infection [31], with adjusted 

hazard ratios of 2.8 (p = 0.007) and 1.7 (p = 0.023) respectively. A multicenter trial in France 
looked at 159 patients who received LVADs between 2007 and 2012 and found that 22.6% 
of the patients had at least one infectious complication [29]. LVAD infections in this cohort 

were associated with alcoholism in 33%, diabetes in 11% and other immunosuppression in 
11%. Of note, a small case series of 4 HIV patients implanted with LVADs did not show an 
increased risk in infection and one of the patients was successfully transplanted [35]. The 

implantation of an LVAD itself seems to result in reduced cell mediated immunity with 

decreased interleukin-2 (IL-2) and tumor necrosis factor (TNF) production, and increased 
IL-10 by T-lymphocytes. Greater numbers of suppressive regulatory T-lymphocytes (T

regs
) 
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are found in these patients for an average of 6 months post-implantation ([36], also reviewed 

in [33]). LVAD induced immune deficits appear to resolve in CF devices as compared to 
older pulsatile devices ([33] and references therein).

2.1. Impact on post-transplant infections

Additional studies have looked at outcomes in transplant patients who developed LVAD 
infections either as BTT or DT (where the infection was treated in part by removal of the 

DT device, with subsequent receipt of an organ) [20, 30, 34, 37, 38]. In US studies, pre-
transplant LVAD infections appear to influence outcomes in cardiac transplant patients, 
with more infectious complications in those with prior LVAD infectious complications. 

Other risk factors in multivariate analysis included age, ICU length of stay and use of 
an anti-thymocyte agent [38]. A sub-study of the Swiss Transplant Cohort Study found 
that pre-transplant LVAD infections did not have an impact on post-transplant outcomes 

with slightly lower rates of infection and slightly higher survival rates among LVAD BTT 

patients [37]. Enterococcal infections including with VRE and Staphylococcal infections 
were most common among LVAD associated post transplant infections [30, 34]. The pres-

ence of infections with molds such as Aspergillus spp. are felt to be a strong relative contra-

indication for transplantation [6].

3. Microbiology of LVAD infections

The microbiology of LVAD infections has been extensively reviewed [20, 26, 27, 29–31, 33, 

34, 37, 39–43]. In the main, LVAD infectious etiology is related to the particular clinical syn-

drome e.g. driveline infection vs. pocket infection vs. endocarditis. The International Society 
for Heart and Lung Transplantation classifies infections as “VAD related” or “VAD specific” 
to refer to bacteremia, endocarditis and mediastinitis versus driveline, pocket and pump/can-

nula infections [13]. INTERMACS lists non-device related infections, device related infections 
(internal pump infections; percutaneous site infections and pocket infections (listed together)) 
and sepsis [12].

3.1. Bacteremia and sepsis

Bacteremia and sepsis are seen most frequently in the peri-operative period and often these 

infectious disease syndromes are associated with non-VAD infections such as central line 

associated blood stream infections (CLABSIs), ventilator and hospital associated pneumonia, 
urinary tract infections, Clostridium difficile associate diarrhea and colitis. The microbiology of 

these peri-operative non-VAD infections has been reviewed in the references above and will 

not be covered again in this chapter.

LVAD related bacteremias can also occur with associated sepsis, and may be related to device 

infections (pump pocket, pump/cannula), infective endocarditis and mediastinitis. The organisms 
detected in bacteremic patients (e.g. Staphylococci, Enterobacteriaceae, Pseudomonas aeruginosa, 

Enterococci, Candida spp.) are indicative of at least some of the possible device related organisms 

causing infection [20, 31, 34, 37, 40, 43, 44].
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3.2. Driveline infections

Driveline infections are most common, and skin flora from patient’s skin are the predominant 
pathogens detected (reviewed in [40]). Often, trauma of the driveline tunnel, due to rough 
manipulation of the driveline, and lack of skin fixation that reduces tension on the driveline, 
leads to infections. The microbiology includes Staphylococcus aureus, both methicillin suscep-

tible (MSSA) and resistant (MRSA), coagulase negative Staphylococci (CNS) (S. epidermidis), 

Corynebacterium spp. [21, 26, 27, 33, 34, 45, 46], viridans streptococci [31], Enterococcus faecalis 

[31, 34], E. faecium including vancomycin resistant strains “VRE” [30], Gram negative enteric 
bacilli such as Enterobacteriaceae (Enterobacter cloacae and E. aerogenese [31] Escherichia coli, 

Klebsiella spp. [34], Proteus mirabilis [31], Serratia marcescens [21]), Pseudomonas aeruginosa [20, 

26, 31] and Stenotrophomonas maltophilia [31]. There have been rare instances of fungal drive-

line infections with Candida spp. such as C. albicans, glabrata [20, 31, 34]. There have been recent 

series of reports of infections with Mycobacterium chimaera, related to open chest surgery and 

cooling units employed for cooling cardioplegia solution [47]. In rare cases, patients devel-

oped endocarditis in the setting of recent valvular surgery. To date, one case of a complicated 
LVAD driveline infection with abdominal wall abscess by M. chimaera has been reported [48].

Biofilm formation by many different organisms contributes to persistence of infections due to 
the poor efficacy of antibiotics against organisms within biofilms, even when drug resistance 
is not present [33, 40, 43, 49].

3.3. Pocket infections

Pocket infections can occur at the time of implantation, during trauma to the driveline and 
pocket from driveline manipulation or bleeding into the pocket from coagulopathies [20]. 

The microbiology of pocket infections is thus very similar to driveline infections, with skin 
flora such as Staphylococci and Corynebacteria predominating, as well as Enterobacteriaceae, 

Enterococci, Pseudomonas and Candida spp. [20, 26, 31, 40]. We are in the process of reporting 
on a patient with a HeartMate II LVAD for DT who cracked his driveline and had extensive 
hematoma formation in the pump pocket with subsequent persistent infection and bactere-

mia with Enterobacter cloacae (Skalweit, in preparation). Computed tomography images of this 
patient are shown in Figure 1, with hematoma, phlegmon and small air bubbles evident in 

the pump pocket (a) before debridement. Figure 1b is after debridement. Figure 2a–c shows 

the pump pocket wounds after debridement, with placement of a vacuum wound device and 
after closure of the defect. One case of a pocket infection with M. chimaera has been reported in 

a patient who developed a fluid collection contiguous with the pump pocket [48]. The patient 

underwent extensive debridement and omental flap coverage of the device. Operative speci-
mens were routinely cultured and he was empirically treated with broad spectrum antibiotics 

but did not respond to therapy. Subsequent mycobacterial cultures revealed the pathogen 
and he was maintained on lifelong M. chimaera therapy.

3.4. Mediastinitis

As a direct extension of pocket infections or as a result of sternal wound infections, LVAD 
associated mediastinitis is rarely observed [34, 43, 48]. S. aureus (MRSA), CNS, and vancomycin 
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susceptible E. faecalis were the reported pathogens in five patients with LVAD mediastinitis 
[34]. A single case of fungal mediastinitis presenting with LVAD outflow obstruction caused 
by growth of Syncephalastrum racemosum has been reported [50]. The concern with mediastinal 

infection is always one of extension to involve the great vessels, the pericardium and bone, 

requiring potential additional source control and extended antibiotic therapy.

3.5. Infective endocarditis and pump/cannula infections

Endovascular infections can occur on native valves, prosthetic valves as well as in association 

with the LVAD pump body and cannula and are associated with high mortality [26]. Early case 

reports with older generation pulsatile flow devices described LVAD valve replacement on a 
Novacor N100 LVAD [51]; pathology revealed Gram positive cocci. A series of fungal LVAD 

Figure 1. (a and b) Computed tomography (CT) images of pump pocket infection before (a) and after (b) surgical 
debridement. Solid arrows show the location of a complex hematoma, phlegmon and air bubbles. Operative cultures 
grew a susceptible Enterobacter cloacae.

Figure 2. (a–c) Wound care in Enterobacter cloacae pump pocket infection, post debridement (a), with wound vacuum 
device placement (b) and after healing (c). Heavy and dotted arrows indicate the pump pocket wounds, dashed arrow 
is the driveline.
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infections revealed that 3% met criteria for LVAD endocarditis (cultures of blood and explanted 
LVADs positive for fungal pathogens) [50]. Candida albicans, C. parapsilosis and S. racemosum 

were isolated in 3, 1 and 1 case respectively. More recently in the continuous flow era, LVAD 
associated endocarditis has been defined as “clinical evidence of pump and/or cannula infec-

tion along with the presence of vegetations on echocardiography or a vascular phenomenon as 

defined by modified Duke’s criteria” ([26] and reviewed in [42]). Staphylococcus aureus (MRSA, 
MSSA) predominates, as well as CNS (MRSE, MSSE) and Pseudomonas aeruginosa (reviewed 

in [42]). Cases of linezolid resistant Streptococcus sanguinis [52] and Listeria monocytogenes [53] 

with associated leukocytoclastic vasculitis have also been reported.

3.6. Cerebrovascular microbleeds/stroke/mycotic aneurysm

Other complications related to LVAD infections can include hemorrhagic stroke and mycotic 
aneurysm. Patients with heart failure are already at risk of thrombosis, and increased infec-

tious complications and coagulopathy associated with LVADs increases the risk of device 
thrombosis and stroke (reviewed in [54]). Aggarwal et al. [55] studied the relationship 

between bacteremia and stroke in LVAD patients in a retrospective chart review study. They 
studied 80 patients who had undergone LVAD placement in their institution, of whom 30 
developed blood stream infections. Among those 30, 13 developed hemorrhagic strokes (43%) 
compared to 5/ 50 (10%) in LVAD recipients without bacteremia. In their report, the majority 
of BSI were caused by Staphylococci (CNS, MRSA). Yoshioka et al. found a similar association 
with hemorrhagic stroke in patients with either bacteremia or pump pocket infection [56, 57]. 

Organisms isolated among the nine patients in their study with hemorrhagic stroke included 
methicillin susceptible S. epidermidis (MSSE), MSSA, Corynebacterium spp., MRSA, CNS, E. 

faecalis, Bacillus sp. and Campylobacter sp. A rare complication in an LVAD recipient is mycotic 

aneurysm related to prior recurrent Klebsiella rhinoscleromatis bacteremia and subarachnoid 

hemorrhage [58].

3.7. Drug resistance

Prior treatment with antibiotics and extended therapy with narrow spectrum antibiotics did 

not appear to increase risk for LVAD infections with multidrug resistant organisms (MDRO) 
[59]; MDRO infections were related to indication (DTT > BT), obesity and driveline technique 
(“velour exposed” versus buried). However, a recent case series reported that high level dap-

tomycin resistance in Corynebacterium striatum LVAD infections was selected for by using dap-

tomycin as treatment [60].

4. Diagnosis of LVAD infections

LVAD infections can manifest in many ways from indolent infections in patients that are mini-

mally symptomatic to septic patients requiring intensive care. Most sources [13, 27, 39, 40, 

43, 61, 62] agree on general investigations that should occur in order to diagnose an LVAD 

related or device specific infection. If LVAD infection is suspected, driveline and three sets 
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of blood bacterial cultures before antibiotics are administered should be obtained, in addi-

tion to routine laboratories: complete blood count (CBC); complete chemistries including 
LDH; coagulation studies (fibrinogen, platelets, d-Dimer, Factor VIII, INR, PTT); erythro-

cyte sedimentation rate, C-reactive protein). Procalcitonin is elevated in the initial post-
operative period and does not appear to be a useful marker of infectious complications 
[63]. Imaging of the driveline and pump pocket using ultrasound has been suggested 
by some groups to assess for fluid in the pump pocket or tracking along the driveline. 
Computed tomography (CT) scanning is of limited utility due to the reflective properties of 
the pump body. However positron emission tomography (PET-CT) [64]; or gallium single 

photon emission computed tomography (SPECT-CT) [64–66], reviewed in [40]) have been 

used to diagnose infection of LVAD components as well as to assess for metastatic sites 

of infection often found with prolonged bacteremia with pathogens such as S. aureus and 

P. aeruginosa (reviewed in [40, 67, 68]). Erba et al. [69] showed that 99mTc-hexamethypro-

pylene amine oxime labeled autologous white blood cell (99mTc-HMPAO-WBC) SPECT-CT 
had 94% sensitivity at detecting cardiac implantable electronic device infections, with 95% 
negative predictive value in patients with other sources of infection. Inflammation from 
driveline trauma may result in a positive PET-CT image, even in the absence of infection. 
Transesophageal echocardiography is utilized in the setting of positive blood cultures to 
look for vegetations on native valves or on device components [26, 44, 62]. However, it has 

been previously acknowledged that echocardiography may be of limited use in evaluating 
for vegetations, due to reflections off of the device’s reflective metal surfaces [50]. The role 

of echocardiography [70] and the application of newer techniques such as real time three 

dimensional (3D) echo has been reviewed [71] and discusses utility in evaluating native 

valves and presence of thrombus.

LVAD parameters such as flow rates may also be an indication of infectious complications 
[61]. Elevations of B-type natriuretic peptide (BNP) were also found to be a marker of serious 
adverse events in LVAD patients, including severe infections such as sepsis, mediastinitis 

and pump pocket infections [72]. Thrombosis, alteration in coagulation parameters, stroke, 
acute renal failure may also be early indicators of infection as well as more routine signs 

such as fever, leukocytosis and localizing signs and symptoms.

Additional microbiologic techniques such as fluorescent in situ hybridization (FISH) and 
polymerase chain reaction (PCR) have been used to identify additional pathogens in biofilm 
obtained from explanted LVADs and may provide supplemental information on which to 

base antimicrobial selection [73].

5. Outcomes in LVAD infections

Clinical outcomes for LVAD implantation have been extensively reviewed (see for example 
[10, 61, 74, 75]) including for infection. It is estimated that 15% of LVAD recipients die due 
to infectious complications, with the majority of deaths occurring within the first 30 days of 
receipt [76]. More than half of the data available for review is for patients receiving CF devices 
for BTT indications. Overall rates of infection for CF devices in trials and registries with more 
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than 100 patients were follows: local site infections 20–49%; driveline infections 12–22%; 
pocket infections 2–5%; sepsis 3–36%; other types of infections 26–35% [10]. It is estimated 

from the INTERMACS registry data [12] that there are 8 infectious complications per 100 
patient-months in CF LVAD recipients. The European Registry for Patients with Mechanical 
Circulatory Support (EUROMACS), a European registry of LVAD recipients includes data 
from 52 hospitals from 2681 patients with 2947 implants since 2014 [77]. Overall serious 
infection rates were 6.18 per 100 patient months within the first 3 months of implantation. 
Three year survival was only 44% in patients with CF devices, and 20% of the deaths were 
attributable to infections. In a retrospective study of 88 CF LVAD implantations (22% DT) 
between 2006 and 2014 at the Toronto General Hospital, 129 readmissions occurred, of which 
17% were related to infections [78]. Despite this readmission rate (63% with at least one read-

mission), outcomes were excellent with only 6 deaths. Other analysis of the INTERMACS 
registry revealed that 19% of LVAD recipients developed a percutaneous site infection within 
12 months of receiving a CF LVAD [79]. Ten percent of patients with these infections died, with 

sepsis being the most common cause of death (26%) [79]. In general, DT is associated with 

greater infection risk, and recurrence of infection, especially driveline infections. The major-

ity of these infections are driveline infections and outcomes are generally good (reviewed in 

[80, 81]). Fortunately with infection control techniques, rates of driveline infections appear to 
be decreasing [82]. Pocket infections are less common but can confer greater risks of morbid-

ity including hemorrhagic stroke [56, 57]. In a large prospective study of infections after car-

diac operations, Perrault et al. found that LVAD and transplant patients experienced 5.8 times 
higher rates of mediastinal infections (95% CI 2.36–14.33) with five times higher readmission 
and mortality rates [83]. Nearly all cases of LVAD endocarditis will require explanation and 
replacement of the device as well as prolonged antimicrobial therapy, and the risks associated 
with these [42]. Outcomes are improving overall however. Among 156 patients who survived 
more than 4 years in one center, the mean survival was 7 years with ~1 readmission per year 
[84]. In terms of overall quality of life, 92% of these patients were NYHA Class I or II. The most 
common reason for readmission was infection (10%).

6. Treatment and prevention of LVAD infections

Management of LVAD infections is related to the specific LVAD infectious clinical syndrome 
[13, 26, 27, 30, 31, 42, 43]. Typically, combined medical-surgical treatment is needed, with 

infectious disease consultation to determine the best selection of empiric and microbiologi-

cally driven antimicrobials. Site infections and driveline infections are typically managed with 
local wound care and a combination of intravenous then oral antibiotics if possible as dictated 

by the organism isolated from the infected site. Percutaneous site infections have even been 

treated with topical agents such as crystal violet [85]. Sometimes the tunnel must be excised, 
and a new tunnel created with the application of a vacuum wound device to close the defect. 

Certain infections have been prevented by reducing exposed driveline material (velour) by 
keeping it entirely in the subcutaneous tunnel [82]. Preventing trauma to the driveline by use 

of anchoring devices [86], and use of sterile technique when changing the driveline dressing 

are key in preventing driveline infections. Standardized strategies for driveline dressings, and 
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in overall LVAD infection control within hospitals are also helpful in preventing infections 

[86–88]. Pocket infections must typically be managed with surgical debridement in the oper-

ating room with techniques such as omental wrapping of the pump housing to cover exposed 

metal and to close surgical defects [89, 90]. In rare instances, extrapolating from the orthopedic 

surgery literature, antibiotic impregnated beads have been placed in the pocket (reviewed in 
[91, 92]) although this has not been studied in a rigorous manner. Arguably, tissue levels of par-

enteral antibiotics are sufficient to treat residual infection once source control has been achieved. 
Placement of an additional foreign body in the pocket may not be advised, especially since 
the antibiotic concentrations from the beads will eventually wane, requiring subsequent bead 

exchange or removal. Repeated exposure to sub-inhibitory concentrations of antibiotic can lead 
to selection of antibiotic resistant organisms. Indolent pathogens such as M. chimaera or in the 

case of fungal infections may necessitate exchange of the pump and other components that are 

involved. LVAD endocarditis requires explanation and extended antimicrobial therapy, poten-

tially with lifelong suppression if re-implanted or if cardiac transplantation occurs [42, 48, 50].

Optimal peri-implant antibiotic prophylaxis has not been established in a rigorous trial. However, 
“best evidence” was provided in a review by Acharya et al. [93] and consists of antibiotic cover-

age for Staphylococci, Enterococci, Pseudomonas and Candida spp. They concluded that use of an 

extended spectrum beta-lactam plus vancomycin in areas where rates of methicillin resistant  

S. aureus are high, a fluoroquinolone, fluconazole and mupirocin ointment (nasal application) 
in the “peri/post-operative” period (~3 days) was recommended. Prophylactic antibiotics are 
not recommended to prevent driveline infection after the immediate post-operative period [94].

7. Future directions

The development of biventricular or LVAD devices with transcutaneous energy sources (“TETs”) 

will eliminate driveline infections [95]. However, this remains the “holy grail” for developers of 

mechanical circulatory support devices [96, 97]. Magnetically levitated pumps help reduce the 

rates of reoperation (and attendant complications like infection) [7]. Changes in size and materi-
als involved in these devices can also reduce risk of thrombosis and enable easier explanation 
and reimplantation should complications arise [98]. Minimally invasive procedures such as off-
pump implantation and alternative implant sites may also lead to reduced infection risk [99].

8. Conclusions

Left ventricular assist device (LVAD) infections are important causes of morbidity and mortal-

ity in patients who receive these mechanical circulatory supports as a bridge to transplanta-

tion (BTT) or as destination therapy (DT) (for individuals who are not candidates for cardiac 

transplant). Infections are more common among persons who received pulsatile flow LVADs 
as opposed to newer continuous flow (CF) devices. Other risk factors for infection include 
obesity, renal failure, depression and immunosuppression although HIV positive LVAD 

recipients have not had increased rates of infection in the limited number of recipients to 
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date. An LVAD infection increases the risk of infections in persons who undergo cardiac trans-

plantation. Infections include percutaneous site, driveline, pump pocket and pump/cannula 
infections; sepsis, bacteremia, mediastinitis and endocarditis. Diagnosis is achieved by moni-

toring LVAD flow parameters and observing typical clinical and laboratory manifestations 
of infection (fever, local induration, erythema, abdominal pain, high flow LAVD parameters, 
leukocytosis, elevated inflammatory markers such as ESR, CRP; markers of coagulopathy). 
Elevated BNP may herald severe infection such as sepsis and pump pocket infection. PCR 
and FISH microbiologic techniques increase diagnostic yield of specific pathogens in biofilm 
on drivelines and other device components. Imaging such as PET-CT or SPECT-CT imaging 
can be helpful to establish a diagnosis of pump pocket infection. Echocardiography may aid 
in detecting native valve endocarditis and thrombus associated with the LVAD. The most 

common pathogens include Staphylococcus, Corynebacterium, Enterococcus, Pseudomonas and 

Candida spp. Treatment requires targeted antimicrobials plus surgical debridement of infected 

tissue and device components. In cases of pump/cannula/LVAD endocarditis, especially if 
fungal pathogens or Mycobacterium chimaera are involved, LVAD removal/re-implantation vs. 
transplant is necessary, combined with extended antimicrobial therapy. The “holy grail” of 

future mechanical circulatory support is a fully implantable device that relies on transcutane-

ous energy supplies. Devices of the future would be less prone to infectious complications 

potentially but would not entirely eliminate infectious complications. Smaller devices with 
magnetically levitated pumps, minimally invasive techniques and uniform infection control 

practices are the state-of the art in preventing infectious complications of LVADs today.

Acknowledgements

The author would like to acknowledge the editor, Dr. Michael Firstenberg and Dr. Robert 
Bonomo for critical reading and suggestions to improve this manuscript.

Conflict of interest

Dr. Skalweit is an employee of the Department of Veterans Affairs. The opinions expressed 
here are her own and not those of her employer. Dr. Skalweit has no conflicts to declare.

Author details

Marion J. Skalweit

Address all correspondence to: marion.skalweit@case.edu

Infectious Disease Section, Departments of Medicine and Biochemistry, Louis Stokes 
Cleveland Department of Veterans Affairs Medical Center, Case Western Reserve University, 
Cleveland, Ohio, USA

Left Ventricular Assist Device Infections
http://dx.doi.org/10.5772/intechopen.74621

181



References

[1] Abraham WT, Smith SA. Devices in the management of advanced, chronic heart failure. 
Nature Reviews. Cardiology. 2013 Feb;10(2):98-110. PubMed PMID: 23229137. Pubmed 
Central PMCID: 3753073

[2] Higgins RSD, Kilic A, Tang DG. Surgical treatment of heart failure. The Surgical Clinics 
of North America. 2017 Aug;97(4):923-946. PubMed PMID: 28728723

[3] Schumer EM, Black MC, Monreal G, Slaughter MS. Left ventricular assist devices: Current 
controversies and future directions. European Heart Journal. 2016 Dec 7;37(46):3434-

3439. PubMed PMID: 26543045

[4] Englert JA 3rd, Davis JA, Krim SR. Mechanical circulatory support for the failing heart: 
Continuous-flow left ventricular assist devices. The Ochsner Journal. 2016 Fall;16(3):263-
269. PubMed PMID: 27660575. Pubmed Central PMCID: 5024808

[5] Slaughter MS, Rogers JG, Milano CA, Russell SD, Conte JV, Feldman D, et al. Advanced 
heart failure treated with continuous-flow left ventricular assist device. The New 
England Journal of Medicine. 2009 Dec 3;361(23):2241-2251. PubMed PMID: 19920051

[6] Kohno H, Matsumiya G, Sawa Y, Ono M, Saiki Y, Shiose A, et al. The Jarvik 2000 left 
ventricular assist device as a bridge to transplantation: Japanese registry for mechani-

cally assisted circulatory support. The Journal of Heart and Lung Transplantation: The 

Official Publication of the International Society for Heart Transplantation. 2017 Oct 24; 
37(1):71-78. PubMed PMID: 29129374

[7] Mehra MR, Naka Y, Uriel N, Goldstein DJ, Cleveland JC Jr, Colombo PC, et al. A fully 
magnetically levitated circulatory pump for advanced heart failure. The New England 
Journal of Medicine. 2017 Feb 2;376(5):440-450. PubMed PMID: 27959709

[8] Rogers JG, Pagani FD, Tatooles AJ, Bhat G, Slaughter MS, Birks EJ, et al. Intrapericardial 
left ventricular assist device for advanced heart failure. The New England Journal of 
Medicine. 2017 Feb 2;376(5):451-460. PubMed PMID: 28146651

[9] Lima B, Kale P, Gonzalez-Stawinski GV, Kuiper JJ, Carey S, Hall SA. Effectiveness and 
safety of the Impella 5.0 as a bridge to cardiac transplantation or durable left ventricu-

lar assist device. The American Journal of Cardiology. 2016 May 15;117(10):1622-1628. 
PubMed PMID: 27061705

[10] McIlvennan CK, Magid KH, Ambardekar AV, Thompson JS, Matlock DD, Allen LA. Clinical 
outcomes after continuous-flow left ventricular assist device: A systematic review. 
Circulation. Heart Failure. 2014 Nov;7(6):1003-1013. PubMed PMID: 25294625. Pubmed 
Central PMCID: 4241134

[11] Pagani FD, Miller LW, Russell SD, Aaronson KD, John R, Boyle AJ, et al. Extended 
mechanical circulatory support with a continuous-flow rotary left ventricular assist 
device. Journal of the American College of Cardiology. 2009 Jul 21;54(4):312-321. PubMed 
PMID: 19608028

Advanced Concepts in Endocarditis182



[12] Kirklin JK, Pagani FD, Kormos RL, Stevenson LW, Blume ED, Myers SL, et al. Eighth annual 
INTERMACS report: Special focus on framing the impact of adverse events. The Journal of 
Heart and Lung Transplantation: The Official Publication of the International Society for 
Heart Transplantation. 2017 Oct;36(10):1080-1086. PubMed PMID: 28942782

[13] Feldman D, Pamboukian SV, Teuteberg JJ, Birks E, Lietz K, Moore SA, et al. The 2013 
International Society for Heart and Lung Transplantation Guidelines for mechanical cir-

culatory support: Executive summary. The Journal of Heart and Lung Transplantation: 

The Official Publication of the International Society for Heart Transplantation. 2013 
Feb;32(2):157-187. PubMed PMID: 23352391

[14] Gafoor S, Franke J, Lam S, Reinartz M, Bertog S, Vaskelyte L, et al. Devices in heart failure—
The new revolution. Circulation Journal. 2015;79(2):237-244. PubMed PMID: 25744737

[15] Givertz MM. Cardiology patient pages: Ventricular assist devices: Important information for 
patients and families. Circulation. 2011 Sep 20;124(12):e305-e311. PubMed PMID: 21931095

[16] Henes J, Rosenberger P. Systolic heart failure: Diagnosis and therapy. Current Opinion in 
Anaesthesiology. 2016 Feb;29(1):55-60. PubMed PMID: 26545143

[17] Mancini D, Colombo PC. Left ventricular assist devices: A rapidly evolving alternative to 
transplant. Journal of the American College of Cardiology. 2015 Jun 16;65(23):2542-2555. 
PubMed PMID: 26065994

[18] Hetzer R, Delmo Walter EM. Mechanical circulatory support devices—In progress. The 
New England Journal of Medicine. 2017 Feb 2;376(5):487-489. PubMed PMID: 28146667

[19] Krabatsch T, Netuka I, Schmitto JD, Zimpfer D, Garbade J, Rao V, et al. Heartmate 3 fully 
magnetically levitated left ventricular assist device for the treatment of advanced heart 

failure—1 year results from the Ce mark trial. Journal of Cardiothoracic Surgery. 2017 
Apr 4;12(1):23. PubMed PMID: 28376837. Pubmed Central PMCID: 5379553

[20] Koval CE, Rakita R, Practice ASTIDCo. Ventricular assist device related infections and solid 
organ transplantation. American Journal of Transplantation. 2013 Mar;13(Suppl 4):348-354. 
PubMed PMID: 23465027

[21] Schaffer JM, Allen JG, Weiss ES, Arnaoutakis GJ, Patel ND, Russell SD, et al. Infectious 
complications after pulsatile-flow and continuous-flow left ventricular assist device 
implantation. The Journal of Heart and Lung Transplantation: The Official Publication 
of the International Society for Heart Transplantation. 2011 Feb;30(2):164-174. PubMed 
PMID: 20888258

[22] Yoshioka D, Toda K, Ono M, Nakatani T, Shiose A, Matsui Y, et al. Clinical results, adverse 
events, and change in end-organ function in elderly patients with HeartMate II left ven-

tricular assist device—Japanese multicenter study. Circulation Journal. 2017 Oct 21; 
82(2):409-418. PubMed PMID: 29057766

[23] Magnussen C, Bernhardt AM, Ojeda FM, Wagner FM, Gummert J, De By T, et al. Gender 
differences and outcomes in left ventricular assist device support: The European reg-

istry for patients with mechanical circulatory support. The Journal of Heart and Lung 

Left Ventricular Assist Device Infections
http://dx.doi.org/10.5772/intechopen.74621

183



Transplantation: The Official Publication of the International Society for Heart 
Transplantation. 2017 Jul 4;37(1):61-70. PubMed PMID: 28754423

[24] Ono M, Sawa Y, Nakatani T, Tominaga R, Matsui Y, Yamazaki K, et al. Japanese multicenter 
outcomes with the HeartMate II left ventricular assist device in patients with small body 

surface area. Circulation Journal. 2016 Aug 25;80(9):1931-1936. PubMed PMID: 27373233

[25] Clerkin KJ, Naka Y, Mancini DM, Colombo PC, Topkara VK. The impact of obesity on patients 
bridged to transplantation with continuous-flow left ventricular assist devices. JACC Heart 
Failure. 2016 Oct;4(10):761-768. PubMed PMID: 27614942. Pubmed Central PMCID: 5654312

[26] Nienaber JJ, Kusne S, Riaz T, Walker RC, Baddour LM, Wright AJ, et al. Clinical manifes-

tations and management of left ventricular assist device-associated infections. Clinical 
Infectious Diseases: An Official Publication of the Infectious Diseases Society of America. 
2013 Nov;57(10):1438-1448. PubMed PMID: 23943820. Pubmed Central PMCID: 3805171

[27] Sharma V, Deo SV, Stulak JM, Durham LA 3rd, Daly RC, Park SJ, et al. Driveline infec-

tions in left ventricular assist devices: Implications for destination therapy. The Annals 

of Thoracic Surgery. 2012 Nov;94(5):1381-1386. PubMed PMID: 22818961

[28] Asleh R, Briasoulis A, Schettle SD, Tchantchaleishvili V, Pereira NL, Edwards BS, et al. 
Impact of diabetes mellitus on outcomes in patients supported with left ventricular 

assist devices: A single institutional 9-year experience. Circulation. Heart Failure 2017 
Nov;10(11). PubMed PMID: 29141856

[29] Simeon S, Flecher E, Revest M, Niculescu M, Roussel JC, Michel M, et al. Left ventric-

ular assist device-related infections: A multicentric study. Clinical Microbiology and 
Infection. 2017 Oct;23(10):748-751. PubMed PMID: 28323195

[30] Simon D, Fischer S, Grossman A, Downer C, Hota B, Heroux A, et al. Left ventricular assist 
device-related infection: Treatment and outcome. Clinical Infectious Diseases: An Official 
Publication of the Infectious Diseases Society of America. 2005 Apr 15;40(8):1108-1115. 
PubMed PMID: 15791509

[31] Gordon RJ, Weinberg AD, Pagani FD, Slaughter MS, Pappas PS, Naka Y, et al. Prospective, 
multicenter study of ventricular assist device infections. Circulation. 2013 Feb 12;127(6):691-

702. PubMed PMID: 23315371. Pubmed Central PMCID: 3695607

[32] Dang NC, Topkara VK, Kim BT, Mercando ML, Kay J, Naka Y. Clinical outcomes in patients 
with chronic congestive heart failure who undergo left ventricular assist device implan-

tation. The Journal of Thoracic and Cardiovascular Surgery. 2005 Nov;130(5):1302-1309. 
PubMed PMID: 16256782

[33] Maniar S, Kondareddy S, Topkara VK. Left ventricular assist device-related infections: 
Past, present and future. Expert Review of Medical Devices. 2011 Sep;8(5):627-634. PubMed 
PMID: 22026627. Pubmed Central PMCID: 3205433

[34] Monkowski DH, Axelrod P, Fekete T, Hollander T, Furukawa S, Samuel R. Infections asso-

ciated with ventricular assist devices: Epidemiology and effect on prognosis after trans-

plantation. Transplant Infectious Disease. 2007 Jun;9(2):114-120. PubMed PMID: 17461996

Advanced Concepts in Endocarditis184



[35] Sims DB, Uriel N, Gonzalez-Costello J, Deng MC, Restaino SW, Farr MA, et al. Human 
immunodeficiency virus infection and left ventricular assist devices: A case series. The 
Journal of Heart and Lung Transplantation: The Official Publication of the International 
Society for Heart Transplantation. 2011 Sep;30(9):1060-1064. PubMed PMID: 21515076

[36] Kimball PM, Flattery M, McDougan F, Kasirajan V. Cellular immunity impaired among 
patients on left ventricular assist device for 6 months. The Annals of Thoracic Surgery. 
2008 May;85(5):1656-1661. PubMed PMID: 18442560

[37] Hequet D, Kralidis G, Carrel T, Cusini A, Garzoni C, Hullin R, et al. Ventricular assist devices 
as bridge to heart transplantation: Impact on post-transplant infections. BMC Infectious 
Diseases. 2016 Jul 8;16:321. PubMed PMID: 27391967. Pubmed Central PMCID: 4938972

[38] Varr BC, Restaino SW, Farr M, Scully B, Colombo PC, Naka Y, et al. Infectious complica-

tions after cardiac transplantation in patients bridged with mechanical circulatory sup-

port devices versus medical therapy. The Journal of Heart and Lung Transplantation: 

The Official Publication of the International Society for Heart Transplantation. 2016 
Sep;35(9):1116-1123. PubMed PMID: 27289301

[39] Hernandez GA, Breton JDN, Chaparro SV. Driveline infection in ventricular assist 
devices and its implication in the present era of destination therapy. Open Journal of 
Cardiovascular Surgery. 2017;9:1179065217714216. PubMed PMID: 28680268. Pubmed 
Central PMCID: 5489074

[40] Leuck AM. Left ventricular assist device driveline infections: Recent advances and future 
goals. Journal of Thoracic Disease. 2015 Dec;7(12):2151-2157. PubMed PMID: 26793335. 
Pubmed Central PMCID: 4703684

[41] Sen A, Larson JS, Kashani KB, Libricz SL, Patel BM, Guru PK, et al. Mechanical circula-

tory assist devices: A primer for critical care and emergency physicians. Critical Care. 
2016 Jun 25;20(1):153. PubMed PMID: 27342573. Pubmed Central PMCID: 4921031

[42] Thyagarajan B, Kumar MP, Sikachi RR, Agrawal A. Endocarditis in left ventricular assist 
device. Intractable & Rare Diseases Research. 2016 Aug;5(3):177-184. PubMed PMID: 
27672540. Pubmed Central PMCID: 4995417

[43] Trachtenberg BH, Cordero-Reyes A, Elias B, Loebe M. A review of infections in patients 
with left ventricular assist devices: Prevention, diagnosis and management. Methodist 

DeBakey Cardiovascular Journal. 2015 Jan-Mar;11(1):28-32. PubMed PMID: 25793027. 
Pubmed Central PMCID: 4362062

[44] Nienaber J, Wilhelm MP, Sohail MR. Current concepts in the diagnosis and management 
of left ventricular assist device infections. Expert Review of Anti-Infective Therapy. 2013 
Feb;11(2):201-210. PubMed PMID: 23409825

[45] Topkara VK, Kondareddy S, Malik F, Wang IW, Mann DL, Ewald GA, et al. Infectious 
complications in patients with left ventricular assist device: Etiology and outcomes in the 

continuous-flow era. The Annals of thoracic surgery. 2010 Oct;90(4):1270-1277. PubMed  
PMID: 20868826

Left Ventricular Assist Device Infections
http://dx.doi.org/10.5772/intechopen.74621

185



[46] Zierer A, Melby SJ, Voeller RK, Guthrie TJ, Ewald GA, Shelton K, et al. Late-onset drive-

line infections: The Achilles' heel of prolonged left ventricular assist device support. The 

Annals of Thoracic Surgery. 2007 Aug;84(2):515-520. PubMed PMID: 17643627

[47] Sax H, Bloemberg G, Hasse B, Sommerstein R, Kohler P, Achermann Y, et al. Prolonged 
outbreak of Mycobacterium chimaera infection after open-chest heart surgery. Clinical 
Infectious Diseases: An Official Publication of the Infectious Diseases Society of America. 
2015 Jul 1;61(1):67-75. PubMed PMID: 25761866

[48] Balsam LB, Louie E, Hill F, Levine J, Phillips MS. Mycobacterium chimaera left ventricu-

lar assist device infections. Journal of Cardiac Surgery. 2017 Jun;32(6):402-404. PubMed 
PMID: 28508409

[49] Toba FA, Akashi H, Arrecubieta C, Lowy FD. Role of biofilm in Staphylococcus aureus 

and Staphylococcus epidermidis ventricular assist device driveline infections. The Journal 

of Thoracic and Cardiovascular Surgery. 2011 May;141(5):1259-1264. PubMed PMID: 
20709333. Pubmed Central PMCID: 2988078

[50] Nurozler F, Argenziano M, Oz MC, Naka Y. Fungal left ventricular assist device endocar-

ditis. The Annals of Thoracic Surgery. 2001 Feb;71(2):614-618. PubMed PMID: 11235716

[51] de Jonge KC, Laube HR, Dohmen PM, Ivancevic V, Konertz WF. Diagnosis and manage-

ment of left ventricular assist device valve-endocarditis: LVAD valve replacement. The 

Annals of Thoracic Surgery. 2000 Oct;70(4):1404-1405. PubMed PMID: 11081912

[52] Mendes RE, Deshpande LM, Kim J, Myers DS, Ross JE, Jones RN. Streptococcus sanguinis 
isolate displaying a phenotype with cross-resistance to several rRNA-targeting agents. 
Journal of Clinical Microbiology. 2013 Aug;51(8):2728-2731. PubMed PMID: 23698536. 
Pubmed Central PMCID: 3719607

[53] Bunker DR, Sullivan T. A case of leukocytoclastic vasculitis caused by listeria monocyto-

genes Bacteremia. Case Reports in Infectious Diseases. 2016;2016:1093453. PubMed PMID: 
27313916. Pubmed Central PMCID: 4903135

[54] Fatullayev J, Samak M, Sabashnikov A, Zeriouh M, Rahmanian PB, Choi YH, et al. 
Continuous-flow left ventricular assist device thrombosis: A danger foreseen is a danger 
avoided. Medical Science Monitor Basic Research. 2015 Jul 1;21:141-144. PubMed PMID: 

26250695. Pubmed Central PMCID: 4500598

[55] Aggarwal A, Gupta A, Kumar S, Baumblatt JA, Pauwaa S, Gallagher C, et al. Are blood 
stream infections associated with an increased risk of hemorrhagic stroke in patients 
with a left ventricular assist device? ASAIO Journal. 2012 Sep-Oct;58(5):509-513. PubMed 
PMID: 22820918

[56] Yoshioka D, Okazaki S, Toda K, Murase S, Saito S, Domae K, et al. Prevalence of cerebral 
microbleeds in patients with continuous-flow left ventricular assist devices. Journal of 
the American Heart Association. 2017 Sep 11;6(9). PubMed PMID: 28893764. Pubmed 
Central PMCID: 5634264

Advanced Concepts in Endocarditis186



[57] Yoshioka D, Sakaniwa R, Toda K, Samura T, Saito S, Kashiyama N, et al. Relationship 
between Bacteremia and Hemorrhagic stroke in patients with continuous-flow left ven-

tricular assist device. Circulation Journal. 2017 Sep;23. PubMed PMID: 28943532

[58] Remirez JM, Sabet Y, Baca M, Maud A, Cruz-Flores S, Rodriguez GJ, et al. Mycotic 
intracranial aneurysm secondary to left ventricular assist device infection. Journal of 

Vascular and Interventional Neurology. 2017 Jan;9(3):23-25. PubMed PMID: 28243347. 
Pubmed Central PMCID: 5317288

[59] Donahey EE, Polly DM, Vega JD, Lyon M, Butler J, Nguyen D, et al. Multidrug-resistant 
organism infections in patients with left ventricular assist devices. Texas Heart Institute 

Journal. 2015 Dec;42(6):522-527 PubMed PMID: 26664303. Pubmed Central PMCID: 
4665277

[60] Werth BJ, Hahn WO, Butler-Wu SM, Rakita RM. Emergence of high-level daptomycin 
resistance in Corynebacterium striatum in two patients with left ventricular assist device 

infections. Microbial Drug Resistance. 2016 Apr;22(3):233-237. PubMed PMID: 26544621. 
Pubmed Central PMCID: 4834517

[61] Blum FE, Weiss GM, Cleveland JC Jr, Weitzel NS. Postoperative management for patients 
with durable mechanical circulatory support devices. Seminars in Cardiothoracic and 
Vascular Anesthesia. 2015 Dec;19(4):318-330. PubMed PMID: 26660056

[62] Hannan MM, Husain S, Mattner F, Danziger-Isakov L, Drew RJ, Corey GR, et al. Working 
formulation for the standardization of definitions of infections in patients using ven-

tricular assist devices. The Journal of Heart and Lung Transplantation: The Official 
Publication of the International Society for Heart Transplantation. 2011 Apr;30(4):375-
384. PubMed PMID: 21419995

[63] Kettner J, Holek M, Franekova J, Jabor A, Pindak M, Riha H, et al. Procalcitonin dynam-

ics after long-term ventricular assist device implantation. Heart, Lung & Circulation. 
2017 Jun;26(6):599-603. PubMed PMID: 28111176

[64] Litzler PY, Manrique A, Etienne M, Salles A, Edet-Sanson A, Vera P, et al. Leukocyte 
SPECT/CT for detecting infection of left-ventricular-assist devices: Preliminary results. 
Journal of Nuclear Medicine: Official Publication, Society of Nuclear Medicine. 2010 
Jul;51(7):1044-1048. PubMed PMID: 20554736

[65] Levy DT, Minamoto GY, Da Silva R, Puius YA, Peck N, Goldstein D, et al. Role of gallium 
SPECT-CT in the diagnosis of left ventricular assist device infections. ASAIO Journal. 
2015 Jan-Feb;61(1):e5-10. PubMed PMID: 25419830

[66] Morris LC, Bradshaw ML. SPECT/CT assessment of infected Intracardiac devices with 
and without attenuation correction. Journal of Nuclear Medicine Technology. 2016 
Jun;44(2):94-95. PubMed PMID: 26271801

[67] Dell'Aquila AM, Mastrobuoni S, Alles S, Wenning C, Henryk W, Schneider SR, et al. 
Contributory role of fluorine 18-fluorodeoxyglucose positron emission tomography/

Left Ventricular Assist Device Infections
http://dx.doi.org/10.5772/intechopen.74621

187



computed tomography in the diagnosis and clinical management of infections in patients 

supported with a continuous-flow left ventricular assist device. The Annals of Thoracic 
Surgery. 2016 Jan;101(1):87-94; discussion PubMed PMID: 26433521

[68] Fujino T, Higo T, Tanoue Y, Ide T. FDG-PET/CT for driveline infection in a patient with 
implantable left ventricular assist device. European Heart Journal Cardiovascular Imaging. 
2016 Jan;17(1):23. PubMed PMID: 26420292

[69] Erba PA, Sollini M, Conti U, Bandera F, Tascini C, De Tommasi SM, et al. Radiolabeled WBC 
scintigraphy in the diagnostic workup of patients with suspected device-related infections. 
JACC Cardiovascular Imaging. 2013 Oct;6(10):1075-1086. PubMed PMID: 24011775

[70] Estep JD, Stainback RF, Little SH, Torre G, Zoghbi WA. The role of echocardiography 
and other imaging modalities in patients with left ventricular assist devices. JACC 
Cardiovascular Imaging. 2010 Oct;3(10):1049-1064. PubMed PMID: 20947051

[71] Longobardo L, Kramer C, Carerj S, Zito C, Jain R, Suma V, et al. Role of echocardiog-

raphy in the evaluation of left ventricular assist devices: The importance of emerging 

technologies. Current Cardiology Reports. 2016 Jul;18(7):62. PubMed PMID: 27216842

[72] Hegarova M, Kubanek M, Netuka I, Maly J, Dorazilova Z, Gazdic T, et al. Clinical cor-

relates of B-type natriuretic peptide monitoring in outpatients with left ventricular assist 

device. Biomedical Papers of the Medical Faculty of the University Palacky, Olomouc, 
Czech Republic. 2017 Mar;161(1):68-74. PubMed PMID: 28266662

[73] Schoenrath F, Kikhney J, Kursawe L, Schoenrath K, Hajduczenia MM, Schulze J, et al. 
Life on the driveline: Molecular detection and fluorescence in situ hybridization-based 
visualization of microbial species in patients with left ventricular assist devices. The 
Journal of Heart and Lung Transplantation: The Official Publication of the International 
Society for Heart Transplantation. 2017 Sep 30;37(1):163-166. PubMed PMID: 29056458

[74] Raju S, MacIver J, Foroutan F, Alba C, Billia F, Rao V. Long-term use of left ventric-

ular assist devices: A report on clinical outcomes. Canadian Journal of Surgery. 2017 
Aug;60(4):236-246. PubMed PMID: 28730986. Pubmed Central PMCID: 5529154

[75] Smith EM, Franzwa J. Chronic outpatient management of patients with a left ventricu-

lar assist device. Journal of Thoracic Disease. 2015 Dec;7(12):2112-2124. PubMed PMID: 
26793331. Pubmed Central PMCID: 4703652

[76] Allen SJ, Sidebotham D. Postoperative care and complications after ventricular assist device 
implantation. Best Practice & Research Clinical Anaesthesiology. 2012 Jun;26(2):231-246. 
PubMed PMID: 22910092

[77] de By T, Mohacsi P, Gahl B, Zittermann A, Krabatsch T, Gustafsson F, et al. The European 
Registry for Patients with Mechanical Circulatory Support (EUROMACS) of the European 
Association for Cardio-Thoracic Surgery (EACTS): Second report. European Journal 
of Cardio-thoracic Surgery: Official Journal of the European Association for Cardio-
thoracic Surgery. 2017 Sep;29. DOI: 10.1093/ejcts/ezx320. PubMed PMID: 29029117.  
[Epub ahead of print]

Advanced Concepts in Endocarditis188



[78] Da Silva M, MacIver J, Rodger M, Jaffer M, Raju S, Billia F, et al. Readmissions follow-

ing implantation of a continuous-flow left ventricular assist device. Journal of Cardiac 
Surgery. 2016 May;31(5):361-364. PubMed PMID: 27072942

[79] Goldstein DJ, Naftel D, Holman W, Bellumkonda L, Pamboukian SV, Pagani FD, et al. 
Continuous-flow devices and percutaneous site infections: Clinical outcomes. The 
Journal of Heart and Lung Transplantation: The Official Publication of the International 
Society for Heart Transplantation. 2012 Nov;31(11):1151-1157. PubMed PMID: 22766022

[80] Bomholt T, Moser C, Sander K, Boesgaard S, Kober L, Olsen PS, et al. Driveline infections in 
patients supported with a HeartMate II: Incidence, aetiology and outcome. Scandinavian 
Cardiovascular Journal: SCJ. 2011 Oct;45(5):273-278. PubMed PMID: 21539474

[81] Gustafsson F, Rogers JG. Left ventricular assist device therapy in advanced heart failure: 
Patient selection and outcomes. European Journal of Heart Failure. 2017 May;19(5):595-

602. PubMed PMID: 28198133

[82] Dean D, Kallel F, Ewald GA, Tatooles A, Sheridan BC, Brewer RJ, et al. Reduction in 
driveline infection rates: Results from the HeartMate II Multicenter Driveline Silicone 
Skin Interface (SSI) Registry. The Journal of Heart and Lung Transplantation: The Official 
Publication of the International Society for Heart Transplantation. 2015 Jun;34(6):781-
789. PubMed PMID: 25735901

[83] Perrault LP, Kirkwood KA, Chang HL, Mullen JC, Gulack BC, Argenziano M, et al. 
A prospective multi-institutional cohort study of mediastinal infections after cardiac 

operations. The Annals of Thoracic Surgery. 2018 Feb;105(2):461-468. epub 2017 Dec 6. 
PubMed PMID: 29223421

[84] Gosev I, Kiernan MS, Eckman P, Soleimani B, Kilic A, Uriel N, et al. Long-term sur-

vival in patients receiving a continuous-flow left ventricular assist device. The Annals of 
Thoracic Surgery. 2018 Mar;105(3):696-701. PubMed PMID: 29198630

[85] Sezai A, Niino T, Osaka S, Yaoita H, Arimoto M, Hata H, et al. New treatment for percu-

taneous sites in patients with a ventricular assist device: Nihon University crystal vio-

let method. Annals of Thoracic and Cardiovascular Surgery. 2016 Aug 23;22(4):246-250. 
PubMed PMID: 27086670. Pubmed Central PMCID: 5045852

[86] Baronetto A, Centofanti P, Attisani M, Ricci D, Mussa B, Devotini R, et al. A simple device 
to secure ventricular assist device driveline and prevent exit-site infection. Interactive 

Cardiovascular and Thoracic Surgery. 2014 Apr;18(4):415-417. PubMed PMID: 24431003. 
Pubmed Central PMCID: 3957296

[87] Cagliostro B, Levin AP, Fried J, Stewart S, Parkis G, Mody KP, et al. Continuous-flow left ven-

tricular assist devices and usefulness of a standardized strategy to reduce drive-line infections. 
The Journal of Heart and Lung Transplantation: The Official Publication of the International 
Society for Heart Transplantation. 2016 Jan;35(1):108-114. PubMed PMID: 26476767

[88] Cannon A, Elliott T, Ballew C, Cavey J, O'Shea G, Franzwa J, et al. Variability in infec-

tion control measures for the percutaneous lead among programs implanting long-term  

Left Ventricular Assist Device Infections
http://dx.doi.org/10.5772/intechopen.74621

189



ventricular assist devices in the United States. Progress in Transplantation. 2012 
Dec;22(4):351-359. PubMed PMID: 23187051

[89] Kadakia S, Moore R, Ambur V, Toyoda Y. Current status of the implantable LVAD. General 
Thoracic and Cardiovascular Surgery. 2016 Sep;64(9):501-508. PubMed PMID: 27270581

[90] Ustunsoy H, Gokaslan G, Hafiz E, Koc M, Asam M, Kalbisade EO, et al. An old friend 
in the treatment of drive line infection after left ventricular assist device implantation: 

Omentoplasty—A case report. Transplantation Proceedings. 2015 Jun;47(5):1540-1541. 
PubMed PMID: 26093763

[91] Fakhro A, Jalalabadi F, Brown RH, Izaddoost SA. Treatment of infected cardiac implant-
able electronic devices. Seminars in Plastic Surgery. 2016 May;30(2):60-65. PubMed 
PMID: 27152097. Pubmed Central PMCID: 4856529

[92] Kretlow JD, Brown RH, Wolfswinkel EM, Xue AS, Hollier LH Jr, Ho JK, et al. Salvage of 
infected left ventricular assist device with antibiotic beads. Plastic and Reconstructive 
Surgery. 2014 Jan;133(1):28e-38e. PubMed PMID: 24374685

[93] Acharya MN, Som R, Tsui S. What is the optimum antibiotic prophylaxis in patients 
undergoing implantation of a left ventricular assist device? Interactive Cardiovascular 
and Thoracic Surgery. 2012 Feb;14(2):209-214. PubMed PMID: 22159247. Pubmed Central 
PMCID: 3279966

[94] Stulak JM, Maltais S, Cowger J, Joyce LD, Daly RC, Park SJ, et al. Prevention of percu-

taneous driveline infection after left ventricular assist device implantation: Prophylactic 

antibiotics are not necessary. ASAIO Journal. 2013 Nov-Dec;59(6):570-574. PubMed PMID: 
24172262

[95] Slaughter MS, Myers TJ. Transcutaneous energy transmission for mechanical circula-

tory support systems: History, current status, and future prospects. Journal of Cardiac 
Surgery. 2010 Jul;25(4):484-489. PubMed PMID: 20642765

[96] Kilic A. The future of left ventricular assist devices. Journal of Thoracic Disease. 2015 
Dec;7(12):2188-2193. PubMed PMID: 26793340. Pubmed Central PMCID: 4703685

[97] Prinzing A, Herold U, Berkefeld A, Krane M, Lange R, Voss B. Left ventricular assist devices-
current state and perspectives. Journal of Thoracic Disease. 2016 Aug;8(8):E660-E666. 
PubMed PMID: 27621895. Pubmed Central PMCID: 4999658

[98] Saeed D, Maxhera B, Albert A, Westenfeld R, Hoffmann T, Lichtenberg A. Conservative 
approaches for HeartWare ventricular assist device pump thrombosis may improve the 
outcome compared with immediate surgical approaches. Interactive Cardiovascular 
and Thoracic Surgery. 2016 Jul;23(1):90-95. PubMed PMID: 26993475. Pubmed Central 
PMCID: 4986740

[99] Makdisi G, Wang IW. Minimally invasive is the future of left ventricular assist device 
implantation. Journal of Thoracic Disease. 2015 Sep;7(9):E283-E288. PubMed PMID: 
26543617. Pubmed Central PMCID: 4598531

Advanced Concepts in Endocarditis190


