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Abstract: The management of end stage heart failure has changed dramatically in recent years with the
advent of mechanical circulatory support devices as well as rapid improvement and increased availability
of these devices. With the improvements in survival and quality of life in these patients, post-operative
infections become a significant contribution to morbidity and mortality. Post-operative infections need
to be adequately addressed in a timely fashion by early diagnosis and appropriate treatment. Recognizing
risk factors for infection and instituting good infection control measures is also key in caring for these
patients. Multiple patient and device factors have been shown to be correlated with increased post-operative
infections, and cellular immunity is also impaired in patients on ventricular assist devices (VAD). Cultures
should be taken prior to starting antimicrobial treatment. Empirical treatment needs to account for
common pathogens, local microbial resistance and subsequently be culture guided once results are available.
Patients on extracorporeal membrane oxygenation present a unique challenge with drug dosing due to
altered pharmacokinetics. VAD related and VAD specific infections require appropriate wound care and
possible surgical intervention. This narrative review summarizes the literature available for the management
and prevention of post-operative infections in patients with mechanical circulatory devices. Vigilance in

identifying risk factors, prompt treatment and active prevention is crucial to the management.

Keywords: Infection; extracorporeal membrane oxygenation (ECMO); mechanical circulatory support (MCS);

ventricular assist devices (VAD)

Submitted Feb 21, 2020. Accepted for publication May 13, 2020.
doi: 10.21037/atm-20-1748
View this article at: http://dx.doi.org/10.21037/atm-20-1748

Introduction

Mechanical circulatory support devices such as left
ventricular assist devices (LVAD) are increasingly important
in the management of end stage heart failure. Newer
and better devices have contributed to improvements
in mortality as well as quality of life but post-operative
infections occur in up to 60% of this group of patients (1).
This narrative review aims to discuss the types of infection
as well as the risk factors, treatment and prevention of
associated infections.
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Types of devices

Devices used for mechanical circulatory support (MCS) can
be divided into short and long-term devices, these devices
provide circulatory support by performing work for a failing
left or right ventricle or both.

Short-term devices are designed to provide hemodynamic
support for a wide range of clinical conditions, and are used
for durations ranging from days to weeks. The most used
device world-wide is the intra-aortic balloon pump and
consists of a counter-pulsation pump placed percutaneously
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in the descending aorta (2).

Other devices include the Impella (Abiomed, Danvers,
MA, USA), a continuous non-pulsatile axial flow
Archimedes-screw pump that expels aspirated blood from
left ventricle into ascending aorta (3). The Tandemheart
(TandemLife, Pittsburgh PA, USA) is a percutaneous
continuous flow centrifugal pump providing support of up
to 4 L/min; the inflow cannula is placed via trans-septal
puncture into left atrium and outflow in lower abdominal
aorta (4). Similar to IABP, there is no evidence to suggest
that they improve clinical outcome (4-7).

Veno-arterial extracorporeal membrane oxygenation (V-A
ECMO) device is a full cardiopulmonary support system
similar to the heart-lung bypass machine used in cardiac
surgery. It involves placement of large bore catheters
that allow drainage of deoxygenated blood via a venous
cannula from the right atrium, the blood passes through
an oxygenator where gas exchange occurs (carbon dioxide
removal and oxygenation) and oxygenated blood returns via
an arterial cannula to the aorta using a centrifugal pump,
thus bypassing the pulmonary circulation. VA-ECMO offers
extended support to patients in cardiac and/or respiratory
failure and is considered a viable lifesaving modality (8).

Technological advancement has improved durable MCS
devices over the last decade, substantial progress has been
made in durability, size, biocompatibility and reliability.
Currently, ventricular assist devices (VAD) and total
artificial hearts (TAHs) are used as a bridge to transplant.
A VAD is used also as bridge to wait listing (candidacy
for heart transplant), but may just as well be explanted in
the rare case of cardiac recovery. Patients who are not a
transplant candidate may qualify for destination therapy, i.e.,
a VAD is implanted for permanent, life-long support.

The first generation VAD devices were large pulsatile
devices with a paracorporeal pump, or an intracorporeal pump
placed in the abdomen or pre-peritoneum with a driveline
coming out through the skin. Second generation devices
include the continuous flow rotary pump, most common the
HeartMate II (Abbott, St. Paul, MN, USA) that significantly
benefitted patients with end stage heart failure (9). The
third generation VADs are continuous flow devices with
a centrifugal pump design placed in the pericardial space,
notably the HeartWare (Medtronic, Minneapolis, MN,
USA) (10) and the latest device HeartMate III with a fully
magnetically levitated impeller (11).

Biventricular MCS outcomes are less encouraging (12).
More patients are receiving 2 continuous flow pumps
for biventricular support as off-label use—primarily the
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HVAD (13), but also the HeartMate III (14) and even the
Jarvik 2000 (15), have been used clinically as an alternative
to extracorporeal biventricular assist devices (BIVAD) or
TAH. The TAH consists of 2 intracorporeal, pneumatic
replacement pumps with transcutaneous air power tubes
connected to a computer-assisted driving unit. The
Syncardia TAH (Tucson, AZ, USA) has substantially
reduced weight and size since the first device and is still in
use today (16).

Clinically important BIVADs include the Thoratec
(Pierce-Donachy) VA (Pleasanton, CA, USA) and the Berlin
Heart Excor. Both are extracorporeal replacement pumps
with transcutaneous guided cannulas for blood drainage and

supply (17,18).

Risk factors
Type of device

The continuous-flow devices are smaller, with reduced
surface areas of foreign material, less pump movement
inside the body and less surgical dissection to implant
with lower device-related infection rates (19,20). The fifth
INTERMACS annual report, with risk factor analysis
of more than 6,000 patients, the rate (events/100 patient
months) of infection was 22.81 and 8.01 (P<0.0001) in
pulsatile and continuous-flow devices, respectively (21). Xie
et al. in an IMACS analysis of more than 15,000 patients
from 2013-2017, found that axial pumps had a higher rate
of developing VAD infections compared to centrifugal
pumps, notably younger patients had a higher hazard of
VAD infection in this group (22).

Duration of support

Infection rates increase with duration of MCS support,
especially for driveline infections for VADs (19,23). A single
centre Italian study found that patients with infection had
longer ECMO support duration, VAD support duration,
intensive care unit stay and hospital stay than patients
without infection (24).

Host factors

Higher body mass index has been shown to independently
correlate with higher rates of both device related and
non-VAD related infections (25), including blood stream
infections (26).
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Figure 1 CT scan showing driveline infection in the right upper

abdominal area.

Other patient factors that have been reported include
diabetes mellitus (27), older age (28), chronic renal disease
and dialysis (29,30), pre-implant frailty and Interagency
Registry for Mechanically Assisted Circulatory Support
category 1 (26).

Poston and colleagues reported hypoalbuminaemia (as
a predictor of poor nutritional status) predicted device
related bloodstream infections (31). A high bilirubin as an
indicator of right sided heart failure has also been found to
correlate with device related blood stream infection (26).
Postoperative bleeding necessitating re-operation is an
important contributing factor for infectious complications
in MCS (32).

Cellular immunity is impaired among patients on left
ventricular assist device because of a downregulatory cytokine
imbalance and emergence of suppressive T-regulatory
cells (33). VAD patients with hypogammaglobulinemia
(defined as immunoglobulin G <700 mg/dL) are at
increased risk of infection (34).

Types of infection-ventricular assist devices

The International Society of Heart and Lung
Transplantation (ISHLT) consensus document for
prevention and management strategies for mechanical
circulatory support infection divided infections into three
categories: VAD specific, VAD related and non VAD
infections (1). VAD specific commonly include driveline
infection, pocket infection as well as pump or cannula
infection. These can be complicated by systemic blood
stream infections, infective endocarditis and mediastinitis
(VAD related) which can cause high morbidity and
mortality. Other infections not specific to VAD patients
include hospital acquired pneumonia, urinary tract
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infection, line or blood stream infections which can occur in
any critically ill patient in the hospital setting.

Driveline infections are the most common of the VAD
specific infections (35). Driveline infection can present as
erythema, tenderness as well as purulent discharge of the
entry site of the device. They can be superficial or track
deep into the subcutaneous tissue (Figure I) (36). Diagnosis
can be confirmed by a wound swab culture or tissue culture
after debridement. Ultrasound can be used to detect fluid
pockets but computed tomography (CT) has limited benefit
due to the artefact caused by the device. A case series
has explored the use of gallium single photon emission
tomography-CT (SPECT-CT) for extent of infection but
this has not been widely adopted yet (37).

Pocket Infection is the second most common VAD
specific infection (35). This pocket is created in the
preperitoneal space to house the pump. Haematoma and
fluid can collect and organisms can grow in this non-
vascular space. Infection may also arise from an extension of
the driveline infection (29,38).

Driveline infections are often difficult to treat due to the
permanent nature of the device. Relapses occur and resistance
may develop. The main pathogens are Gram positive bacteria
especially Staphylococcus aureus and Staphylococcus epidermidis
causing more than 50% of MCS infections (29,39). The most
common Gram negative bacteria is Pseudomonas aeruginosa
followed by Enterobacter (1). Fungal infections are rare but
results in high mortality (40,41). Candida albicans is the most
common (70%) followed by Candida glabrata (10%) (1).

Blood stream infections are found to be associated with
increased risk of haemorrhagic and ischaemic stroke and
longer hospitalisation (35).

Treatment

Wound swab and blood and fluid cultures should be taken
before starting broad spectrum antibiotics. Treatment of
driveline infections should be empirical initially to cover the
organisms mentioned above including MRSA. Antibiotic
choice should take into consideration the institution’s
microbial resistance history, the patient’s previous culture
results as well as antimicrobial history (29). Culture directed
antimicrobial therapy can then be instituted when results
are available.

Proper wound care is also essential in the treatment.
Surgical debridement is reserved for deep infections (42).
Application of a VAC system can be considered in deep
infections after surgical drainage. Device exchange is a last
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resort as it involves high morbidity and mortality (1).

There is no recommendation for duration of
antimicrobial therapy. However, it is reasonable to continue
until patient is stable after device exchange or heart
transplant. A protracted course of antimicrobial therapy
may be offered when there is evidence in preoperative or
intraoperative positive cultures (1).

Prevention

Prior to instituting mechanical circulatory support, all
patients should be screened for active infections. Infectious
disease consult should be performed in patients with
suspected or confirmed infection. ISHLT also published
a series of recommendations for the care of invasive lines
in these patients which include: avoiding femoral lines,
tunneled catheters for prolonged use as well as avoiding
exchange over a wire. Lines should be examined daily and
removed if there is evidence of infection (1).

With regards to intraoperative care, apart from standard
infection control measures, pre-operative prophylaxis is
recommended and should be given within 60 min of first
incision and not continued beyond 24-48 hours (42).
Vancomycin infusion should be started within 2 hours.
Although there is no specific choice of antimicrobial, it
should provide good Staphylococcus spp coverage as well as
MRSA if there is a high prevalence in the centre. Routine
use of antifungal and gram-negative coverage is not
necessary. Antibiotics may be re-dosed in surgery longer
than 2 half-lives of the drug or if there is significant blood
loss (>1,500 mL or 2 units of packed red cells given).

Other intraoperative measures include good glycaemic
control, transfusion as necessary and not withheld during
and in the immediate post-operative period as well as
securing the drive line exit site so as not to cause shearing
are recommended (1).

Post operatively, nursing care of the drive line should
be performed under sterile conditions (43). Patients and
caregivers should be trained in the care of the MCS. The
drive line should be stabilized with a binder or anchoring
device and infection surveillance must be performed

frequently (1).
Extracorporeal membrane oxygenation

In the adult population, blood stream infections range
from 3-18% and the incidence is reported to be 2.98 to
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20.55 episodes per 1,000 ECMO days. Lower respiratory
tract infection rates are also high at 24.4 episodes per
1,000 ECMO days. Hospital acquired infections increase
mortality risk by 38-63% (24).

There is also a recent study looking specifically at ECMO
device related infection. Thomas ez 4/. found an incidence
of 9.7% in 105 VV-ECMO patients as well as an ECMO
device colonization rate of 32%. In his study, ECMO device
related infections involves the drainage cannula, return
cannula as well as the membrane oxygenator. This group of
patients not surprisingly have a longer ECMO duration (44).

Infections not only increase length of hospital stay and
duration of ventilatory support (45). It can cause problems
within the circuit since it activates the coagulation systems
and thus can result in clot formation (24).

For blood stream infections, coagulase negative
staphylococcus is the most common pathogen, followed
by Candida spp and Pseudomonas aeruginosa. With regards
to ventilator associated infections, Enterobacteriaceae has
been reported as the most common pathogen, accounting
for 31% of all reported cases (24,46).

Over the years, there have been many studies looking at
risk factors for infection during extracorporeal membrane
use. O’Neill ez 4. found that presence of an open chest and
procedures on ECMO are associated with a higher risk of
infection (47). Other studies found that duration of ECMO
(48-50), severity of the disease (24), mechanical complications,
autoimmune disease and venovenous mode (48) are associated
with a higher risk of infection.

Treatment

Early focused antimicrobial therapy is important to prevent
severe infection complications (51). The challenge of
treatment of infections in ECMO patients lie in the altered
pharmacokinetics of the antimicrobial therapy. Most of the
pharmacokinetics studies so far have been conducted with
gentamicin and vancomycin and mainly in the neonatal
population. There is a larger volume of distribution due
to the increased circuit volume and decreased clearance
for both drugs (52,53). The reasons for the decreased
clearance are multifactorial although the primary reason is
decreased renal function (52). Other factors that affect drug
delivery include losses during equipment change as well as
sequestration due to adhesion to circuit components. The
addition of haemofiltration further complicates matters.
Lipophilic and highly protein bound drugs are
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significantly sequestered in the circuit while hydrophilic
drugs like beta lactams and glycopeptides are more affected
by haemodilution (54). However, the extent to which this
occurs varies from drug to drug. The literature out there
suggests individualising drug regimen through therapeutic
drug monitoring (55,56).

Prevention

The ELSO infectious disease task force has produced a
list of recommendations for prevention of nosocomial
infection. Apart from standard infection control such as
frequent hand washing and use of sterile practices when
handling lines, they also include reducing unnecessary
interruption of lines during the care of the patient,
needleless hub for all connections, avoiding unnecessary
lines and long-term vascular access in these patients as well
as use of chlorhexidine as antiseptic is advised. There must
be careful isolation of patients infected with multi-drug
resistant organisms. System infection prevention is also
important and these include active prevention of ventilator
associated pneumonia, an early shift to enteral nutrition and
if parenteral nutrition is necessary, to be given through a
dedicated access port (57).

Antibiotic prophylaxis remains highly controversial
due to concerns of multi-drug resistant organisms as well
as Clostridium difficile associated colitis (58). Biffi ez al.
found no data at present supporting the use of antibiotic
prophylaxis to prevent infections during ECMO (24).
Although an indication for antibiotic prophylaxis may exist
in some subpopulations such as the patients with an open
chest, current evidence is still poor (59).

Conclusions

Post-operative infection in MCS patients is a serious
complication with significant morbidity and mortality. With
the standardization of definitions in recent years as well as
task force recommendations, improvement can be made
in the management of post-operative infections as well as
elucidate better preventive measures with further research.
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