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Establishment of the Heart Team concept in the field of cardiovascular medicine has resulted in quality
improvement in the management of heart valve disease and heart failure. Similarly, the concept of an
Endocarditis Team would be important in improving outcomes in patients with infective endocarditis (IE),
given it is an uncommon clinical entity with general practitioners and low-volume centers lacking sufficient
experience in its management. A multidisciplinary approach can substantially reduce the still unacceptably
high morbidity and mortality in patients with IE, as it allows early diagnosis and appropriate comprehensive
management. Decision-making within the Endocarditis Team must follow a standard protocol that is
based on current clinical guidelines for the management of IE. If surgery is indicated, it is best performed
sooner than later in most instances. Communication between referring hospitals and reference centers
with an established Endocarditis Team must be smooth and definite protocols for transfer to experienced
endocarditis centers with surgical facilities is essential. Follow-up and outpatient care following hospital
discharge is crucial due to the possibility of residual infection and risk of development of recurrent
endocarditis or heart failure, particularly within the first 2 years. Patient and health-care provider education
is the mainstay for the accurate implementation of the Endocarditis Team concept. The following Keynote
Lecture offers an overview of the current literature supporting the multidisciplinary management of IE and
addresses multiple aspects related to the Endocarditis Team, highlighting its importance and necessity for
the comprehensive treatment of this complex disease.
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Introduction
Infective endocarditis (IE) is a life-threatening disease with
an incidence ranging between 3–10 episodes per 100,000
person-years in various epidemiological studies. It can
reach a peak incidence of almost 14.5 episodes per 100,000
person-years in elderly patients (1-3). It can result in major
complications and is associated with a high mortality
(4,5). It not only affects the heart but can also lead to
systemic complications with development of multiorgan
dysfunction and sepsis. Despite the acuity of this disease,
patients are frequently referred late to specialized centers,
commonly after development of significant complications
(6-10). Delayed referrals preclude patients from receiving
early surgery, sometimes even when indicated (11). A
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multidisciplinary team approach, which can help in
expediting the diagnosis, the decision-making process, and
the treatment of patients with IE, gave rise to the concept of
the so-called “Endocarditis Team”. Current guidelines for
IE provide a Class IIa B recommendation for establishing
an Endocarditis Team as a strategy for a collaborative
approach to the management of IE (12). Patients with IE
should be managed in centers with sufficient resources and
adequate infrastructure, because an ideal Endocarditis Team
requires the integration of experts from diverse medical
fields for implementing appropriate care. The current
article addresses multiple aspects related to the Endocarditis
Team and highlights its importance for the treatment of
patients presenting with IE.
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Rationale and evidence for an Endocarditis
Team
A collaborative multidisciplinary approach is necessary
amongst the members of an Endocarditis Team to
manage patients with IE effectively. IE is a complex
disease, in which several factors such as underlying cardiac
disorders and pre-existing comorbidities, extent of cardiac
involvement by infection, systemic spread of the disease
with/without multi-organ involvement, the type of causal
microorganisms and presence or absence of sepsis or
septic shock and/or cardiomyopathy, play an important
role in tailoring the management for every patient (12).
Early detection of the disease and management before
development of complications such as heart failure, periannular abscesses, and/or embolic events, are of utmost
importance. The prevalence of IE in the general population
is low (4,5,12,13). Therefore, general practitioners and lowvolume cardiac surgical centers lack adequate experience
in the management of such patients. Even in experienced
high-volume centers, a single health care provider may not
be able to deliver a holistic approach to treatment of such
a patient population. A high level of expertise in different
areas of clinical medicine is required for comprehensive
treatment. Cardiologists, as for most cardiac diseases, are
the gatekeepers for the diagnosis of IE. Microbiologists
are necessary, not only in identifying the infecting
microorganism in blood cultures, but also in determining
those existing in valve or myocardial tissue samples
procured from the operating room. Infectious disease
specialists help implement the most appropriate line of
antibiotic therapy based on the blood and tissue culture and
sensitivity reports and patient comorbidities such as renal
and hepatic dysfunction that may be evident in patients
with sepsis or septic shock. Moreover, they can prescribe
the most suitable empirical therapy in the absence of blood
or tissue culture reports or in the presence of culturenegative endocarditis. Radiologists play an important role
throughout the pre- and postoperative management of
patients with IE. Even in patients that are conservatively
managed, serial radiological investigations are sometimes
required to assess the progress of the disease and its
response to antibiotic therapy. The first and foremost role
of cardiac surgeons is in the decision-making process with
respect to the indication and more importantly the timing
of surgery. In patients with cerebral complications, such as
embolic strokes, intracerebral hemorrhage and/or cerebral
abscesses, the opinion of a neurologist or neurosurgeon
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would also add great value to the process of decisionmaking. Additionally, general and vascular surgeons
and interventionalists are required to manage other
embolic complications of IE such as splenic abscesses and
peripheral embolism causing mesenteric or femoral artery
occlusion. Furthermore, multiple imaging techniques,
including echocardiography, magnetic resonance imaging,
computed tomography and nuclear imaging are extremely
important in the diagnosis, management, decision-making
and follow-up of patients with IE (14). Inclusion of all
experts from the above-mentioned medical specialties is
paramount in establishing a successful Endocarditis Team.
Hence, only tertiary or quaternary centers with dedicated
multidisciplinary Endocarditis Teams that frequently treat
patients with IE would be able to provide high quality care
in such patients (13).
The benefit of a multidisciplinary or Heart Team
approach in the management, decision-making and therapy
selection for patients with heart valve disease and heart
failure has been well documented (15-18). Botelho-Nevers
et al reported that implementation of a multidisciplinary
team approach with standardized medical therapy and
surgical indications based on guideline recommendations,
reduced 1-year mortality by more than 50% (from 18.2%
to 8.2%) (19). They further observed significantly better
compliance in antimicrobial therapy and fewer cases
of renal failure. Additionally, deaths by embolic events
and multiple organ failure syndromes also significantly
decreased after the Endocarditis Team was developed.
Chirillo and colleagues compared the treatment of IE with
and without a multidisciplinary approach and observed a
significant reduction in the overall in-hospital (28% vs.
13%, P=0.02) and 3-year mortality (34% vs. 16%, P ≤ 0.001)
among operated and conservatively managed patients, and a
lower mortality for surgery during the active phase (47% vs.
13%, P≤0.001), favoring the multidisciplinary approach (20).
Additionally, fewer patients had culture-negative native
valve endocarditis (8% vs. 21%, P=0.01) and worsened renal
function (37% vs. 58%, P=0.001) following establishment
of the Endocarditis Team. Similarly, a French group
implemented weekly multidisciplinary meetings to discuss
IE cases. This allowed that facility to adequately follow
current guideline recommendations, thus reducing fatality
to only 12% despite the increasing complexity of IE
cases over time (21). Anguita Sánchez et al. performed a
prospective study of IE patients over a period of 15 years.
They reported that the adoption of a multidisciplinary
treatment strategy during the last years of the study led to
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Table 1 Indications for transfer of patients with infective endocarditis
to an endocarditis reference center with surgical facilities
Prosthetic valve endocarditis
Infection associated with a cardiac device (e.g., pacemaker)
Hemodynamic instability, acute heart failure or cardiogenic
shock
Severe valve regurgitation, even in the absence of hemodynamic
instability
Presence of an intracardiac/perivalvular abscess
Highly virulent and resistant organisms (e.g., Staphylococcus
aureus, Fungal infection)
Lack of improvement with adequate antibiotic therapy
Stroke (or other embolism) and large residual vegetation
Recurrent embolism
Renal failure
Multiorgan disease
Modified from Chambers et al. (13).

an increase in the early elective surgery rates from 22%
to 32% (P<0.05), which resulted in a significant reduction
in the overall in-hospital mortality from 25% to 12%
(P<0.01) (22). The adoption of the Endocarditis Team
concept has also been found to be a significant independent
predictor of 1-year survival in IE patients (HR 0.24, 95%
CI: 0.07 to 0.87; P=0.03) (23). The current guidelines for
the management of IE, thereby, strongly recommend the
utilization of a specialized team (Endocarditis Team) in the
treatment of patients with IE in reference centers (12,24,25).
The Endocarditis Team and reference centers
Patients with uncomplicated IE can be initially
managed in smaller non-specialized centers, but regular
communication with a multidisciplinary Endocarditis
Team in reference centers must be established. Therefore,
good connectivity should exist between referring hospitals
and Endocarditis Teams at reference centers. Lack of
improvement or development of complications should
prompt immediate transfer of patients to reference centers
with an Endocarditis Team (Table 1) (13). Indications that
necessitate transfer of patients with IE to reference centers
should be clearly laid out by the Endocarditis Team at those
centers and should be conveyed to referring hospitals and
physicians in the community. Any patient with prosthetic
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valve endocarditis or infection associated with intra-cardiac
devices or catheters should be sent to the reference center
sooner than later. Patients with hemodynamic instability,
acute heart failure or cardiogenic shock that is commonly
caused by acute severe valvular regurgitation or significant
intra-cardiac shunts due to endocarditis require emergent
surgery to correct the acute mechanical problem and should
be immediately transferred to the reference center. Intracardiac or peri-annular abscesses can potentially result in
intra-cardiac shunts or extra-cardiac rupture or severe paravalvular regurgitation that can lead to sudden hemodynamic
instability. Delay in surgery in such patients can lead to
further destruction of important adjoining structures,
which can deteriorate the general condition of the patient
and make an already difficult operation more challenging.
Patients who are unresponsive to antibiotic therapy and
those presenting with highly virulent organisms such as
Staphylococcus aureus, fungi, etc. are at a risk of developing
local and systemic complications. Such patients require
urgent surgery and should be moved to the reference
center as soon as possible. Presence of large vegetations and
occurrence of other complications such as stroke, recurrent
embolism, renal failure and multi-organ involvement are
usually surrogate markers for the severe and advanced
disease. Every effort should be made to operate such
patients as soon as possible. Reference centers for IE must
offer immediate access to diagnostic procedures including
transthoracic and transesophageal echocardiography,
computed tomography scans, magnetic resonance imaging
and nuclear imaging. Additionally, cardiac surgical facility
should always be available for patients with complicated IE.
The majority of specialist physicians that are involved in the
Endocarditis Team such as cardiac surgeons (when possible
specialists in valve diseases, congenital heart disease,
pacemaker extraction), cardiologists, anesthesiologists, and
radiologists should be available at all times in reference
centers (12).
The role of the Endocarditis Team
The role of the Endocarditis Team is multifactorial. It
is not only responsible for the management of patients
with IE, but also for the educating undergraduate medical
students, future clinicians and community health-care
workers and undertaking clinical research for quality
and safety improvement and reduction of morbidity and
mortality observed in patients presenting with this relatively
uncommon and potentially deadly disease.
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Clinical role

Table 2 Factors associated with an increased rate of relapse

Definitive policies based on national and international
guidelines and recommendations should be laid down by
the Endocarditis Team at tertiary reference centers in
order to promote a standardized management strategy that
will translate into high-quality diagnosis and treatment
of patients with IE. The physicians involved with the
Endocarditis Team should meet on a regular basis to discuss
the line of management for new patients and referrals and
the ongoing therapy of patients already under treatment
in the hospital, to formulate a follow-up plan for patients
prior to discharge, to implement new policies or changes
in management based on renewed guidelines or important
studies and to improve communication and relations with
major referring hospitals and clinics.
Most referring centers do not have specialists that
have an adequate experience in managing patients with
IE and therefore it is difficult or impractical to initiate
comprehensive specialist IE care in such hospitals. Hence, it
is extremely important to set up a seamless communication
between the Endocarditis Team at the reference
cardiothoracic center and the referring institutes. It should
be easily possible for the Endocarditis Team to establish
contact with them, either by e-mail or telephone during
work and after-work hours. At the present time, when
information technology is easily accessible, telemedicine
tools that enable quick sharing of diagnostic imaging
and laboratory tests should be made available between
the Endocarditis Team at reference centers and as many
referring centers and physicians as possible. As mentioned
earlier, the Endocarditis Team should prepare a draft that
clearly states the criteria for the transfer of patients to the
reference center (Table 1). Once the patients have been
transferred to the reference center, it is the responsibility
of the Endocarditis Team to discuss the complex cases and
make decisions regarding the further line of management
based on the indications and contraindications for surgery,
the optimal timing and type of surgery, if required.
Determining the type and the duration of antibiotic therapy
to be administered is one of the most important duties
of the Endocarditis Team. The timing and necessity of
other surgeries that may be essential to treat the focus of
infection (e.g., psoas abscess, vertebral body abscess, etc.)
or the embolic complications of endocarditis (e.g., splenic,
renal or cerebral abscesses) are also the prerogative of the
Endocarditis Team.
Apart from this, the Endocarditis Team should ensure
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Inadequate antibiotic treatment (type, dose, duration)
Resistant microorganisms
Intravenous drug use
Empirical antimicrobial therapy for blood culture negative
infective endocarditis
Periannular extension
Prosthetic valve endocarditis
Abscesses
Positive valve culture report
th

Persistence of fever at the 7 postoperative day
Chronic kidney disease with dialysis
Modified from Habib et al. (12).

that a proper plan has been drawn out for patients following
discharge. This is especially imperative for patients who
have been conservatively managed, given the risk of
progression of valvular disease. The Endocarditis Team in
reference centers can facilitate the possibility of providing
outpatient parenteral antibiotic treatment, which can help in
shortening the length of stay in hospital for selected patients
who have otherwise recovered from the surgical trauma and/
or the effects of IE (26-28). Substitution of an intravenous
antibiotic therapy by an oral one in stable patients with
left-sided IE is also a feasible alternative to reduce
hospital stay, as was demonstrated by the POET trial (29).
The suitability of both above-mentioned alternatives
must be discussed within the Endocarditis Team for every
patient and selected antibiotic regimes should follow
standardized protocols based on current IE guidelines.
The frequency of outpatient follow-up visits depends on
the patient’s clinical status at discharge from the hospital
and should ideally occur at 1, 3, 6, and 12 months after
release from the hospital, because the majority of adverse
clinical events occur during this period (30). The likelihood
of repeat surgery within the first 2 years after discharge is
approximately 10% (31). The rate of relapse and recurrence
of infection during the first 2 years after discharge is about
8% (31) and 15%, respectively (32-35). Factors associated
with increased rates of relapse are summarized in Table 2.
Furthermore, patients with IE should be educated
regarding oral and skin hygiene and preventative dental
care as the lack of or inadequate dental surveillance
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is an important cause of IE (36,37). They should also
be informed about their disease as a strategy towards
prevention of recurrence and early self-detection of IE, if it
does recur. Education about the early detection of recurrent
infection could potentially reduce the risk of development
of deadly complications, which commonly occur due to a
delay in the initiation of appropriate therapy. A film that
provides adequate knowledge regarding the important
aspects of IE can be shown to the patients prior to discharge
and booklets with similar information can be handed over to
them at discharge. These are effective means of educating
the patients on IE. One of the important functions of
the Endocarditis Team is to arrange for rehabilitation of
patients who develop IE due to persistent drug abuse.
A clear concept should be developed with regard to the
management of recurrent infections in such patients. All the
mentioned assignments should be based on standardized
protocols according to the current IE guidelines, as noncompliance with guidelines is associated with worse
outcomes (10).
Educational role
IE should be part of the curriculum in medical schools
by including it as an important component of internal
medicine and general surgery syllabus. A series of lectures
ought to be conducted for the medical students by
various physicians involved in the Endocarditis Team.
Additionally, bed-side teaching and visit to the operating
rooms to observe surgeries for IE would help in leaving
a lasting impression on all students, irrespective of the
specialty they choose to pursue in the future. Furthermore,
educational material should not only be made available in
the form of information booklets for the medical students,
but should also be accessible on the hospital website for
community physicians and other health-care workers, in
an attempt to standardize practice in the community for
the management of such patients. Continuous medical
educational courses and seminars on IE should be arranged
for local health care providers, general practitioners and
community cardiologists by the Endocarditis Team so
that they remain up-to-date on the latest guidelines in the
diagnosis and management of IE. They should be aware of
the fact that IE may present as an acute, rapidly progressive
infection, or as a subacute or chronic disease that may
make the initial diagnosis confusing and misleading. Some
patients may present directly with the symptoms of embolic
complications such as a stroke, lower limb ischemia,
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abdominal angina, etc. They should be well informed about
the type of patients who are at a higher risk of IE such as
those having a prosthetic heart valve or intracardiac devices
like pacemakers or automated implantable cardioverter
defibrillators, those who have intravenous delivery systems
such as ports for chemotherapy or dialysis catheters,
those who are immunocompromised, intravenous drug
abusers, and those diagnosed with native valvular and/
or congenital heart disease. It is extremely important to
stress the importance of obtaining blood cultures prior
to implementation of antibiotic therapy. The slightest
suspicion of IE should immediately prompt the clinician
to perform an echocardiography, which not only provides
confirmation of the diagnosis but can also predict the risk
of embolism and assist in decision-making with respect
to the line of management. This would obviously make
management of IE efficient and cost-effective, as it would
avoid unnecessary transfer of patients who can be managed
in peripheral hospitals in consultation with the Endocarditis
Team and simultaneously prevent the development of lifethreatening complications by enabling early transfer and
surgery in patients with appropriate indications for the
same. Finally, community physicians should also be made
aware of the importance of antibiotic prophylaxis especially
in high-risk patients and those who have already undergone
surgery for IE.
Research role
Another important responsibility of the Endocarditis Team
is the participation in the development and maintenance of
clinical data registries on patients with IE. Various teams
from the main reference centers should ensure collection
of uniform data to evaluate specified outcomes such as
early and late mortality, incidence of residual and recurrent
endocarditis, freedom from primary surgery or reoperations
that serve one or more scientific, clinical, or policy purposes.
Registries can be used to determine the indications and
optimal timing of surgery when required, the appropriate
antimicrobial therapy for complex infections and in
comparing different modes of therapy. This would result in
quality improvement, clinical research, benchmarking and
also indirectly help in developing different payment and
reimbursement schemes and models. The information from
registries can also be used as a reliable source of information
by insurance companies and patients themselves.
Organizing and participating in morbidity and mortality
meetings is extremely beneficial in terms of healthcare
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quality and safety improvement. They are particularly
favorable for building teamwork by focusing on constructive
criticism rather than accusation. Additionally, such meetings
are also very educational for the residents and early career
physicians. They also result in policy changes within the
hospital and eventually within the community. One study
showed that failures in treatment were perceived as a
determinant in improving patient safety (38).

Indication

Timing

Left-sided infective endocarditis
Heart failure
Pulmonary edema or cardiogenic shock

Emergency

Heart failure with hemodynamic stability

Urgent*

Uncontrolled infection

Surgery for IE
Antimicrobials can eliminate sensitive microorganisms
in blood but cannot penetrate vegetations, abscesses,
prosthetic material, especially biofilms that develop on the
latter. Delaying surgery could potentially increase the risk
of developing local and systemic complications such as
septic embolism, valve tissue destruction and invasion of
para-valvular structures. Complex reconstructive surgery,
which can restore valve function and cardiac integrity, is the
only option in the presence of local complications. Systemic
involvement through embolism jeopardizes other organ
systems, which may make additional surgeries necessary
and increase the possibility of development of septic shock,
which significantly worsens the outcomes of patients.
However, the aim of the Endocarditis Team should be to
prevent the development of such complications.
Surgery should be performed sooner than later in
patients with large vegetations or intra-cardiac prosthetic
material, in whom the risk of embolization or development
of perivalvular abscesses is high (8,9,39). Therefore, one
of the most important functions of the Endocarditis Team
is to determine the correct timing and the type of surgical
intervention. Mortality rates are higher in cases of delay in
surgery, but may reduce significantly if surgery is performed
as soon as the indication has been confirmed (8,9,39).
Delaying surgery in hemodynamically stable patients with
adequate antimicrobial therapy and an established indication
for surgery is not associated with additional benefits (40).
Cerebral embolism is not a contraindication for early
surgery, however, it is recommended to delay surgery for
four weeks in patients with intracerebral hemorrhage,
when possible (12,41). In the presence of intracerebral
hemorrhage and severe heart failure or cardiogenic shock
where delaying surgery is not an option, anticoagulation
with nafamostat mesilate, administered in conjunction
with low-dose heparin, may be a safe alternative to
conventional heparin use during surgery (42). Suggestions
from neurologists or neurosurgeons that are a part of the
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Table 3 Summary of indications and timing of surgery in patients
with infective endocarditis

Abscess, false aneurysm, fistula,
Urgent*/
enlarging vegetation, resistant/aggressive
elective
microorganisms, Staphylococci, fungi, persistent
positive blood cultures
Prevention of embolism
Vegetation >10 mm and embolism

Urgent*

Vegetation >10 mm, stenosis or regurgitation
and low operative risk
Vegetation >15 mm if repair is feasible
Vegetation >30 mm
Right-sided infective endocarditis
Resistant or aggressive microorganisms or persistent
bacteremia
Persistent tricuspid valve vegetations >20 mm with recurrent
pulmonary embolism right-heart failure with severe tricuspid
regurgitation and poor response to medical heart failure
therapy
*, urgent operation within 48 h. Modified from Habib et al. (12).

Endocarditis Team are valuable in such situations. Surgical
indications as defined in the current guidelines for the
management of IE (12,24,25) are summarized in Table 3.
During surgery, excision of all vegetations and destroyed
valvular tissue helps eliminate the sources of embolism.
Extensive debridement of all macroscopically infected
tissue and total excision of all prosthetic material minimizes
the possibility of development of abscesses and residual
infections. Nevertheless, antimicrobial therapy still remains
the definitive cure of the IE following surgical treatment.
Hence, a multifaceted Endocarditis Team would provide
better comprehensive patient care than one or two
physicians from a single specialty working in isolation.
Another important factor to be considered is the cardiac
surgical team. The majority of valve operations for IE can
be performed by most trained cardiac surgeons. However,
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patients with aortic root abscess, intervalvular fibrous
body destruction, and rarely involvement of the fibrous
skeleton of the heart and those needing valve repairs require
the expertise of surgeons that are highly experienced in
performing complex reconstructive surgery for IE. Repair is
preferable to replacement for the mitral and tricuspid valves,
but decision-making regarding repair or replacement may
be challenging. Careful judgement needs to be exercised
when delaying surgery to potentially increase the possibility
of repair as opposed to performing early surgery with valve
replacement. The latter often reduces the risk of periannular
extension of the infectious process and/or development of
heart failure. Prolonged delay in surgery to increase the
probability of repair may be counterproductive in certain
clinical scenarios and could enhance the risk of irreversible
heart damage (43). Apart from surgeons, management of
such complex disease also requires highly experienced and
knowledgeable anesthesiologists and intensivists capable of
treating patients with acute decompensated heart failure,
sepsis, and septic cardiomyopathy, who in addition have
undergone prolonged complex operative procedures.
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Conclusions
Treatment of IE with a multidisciplinary “Endocarditis
Team” approach facilitates early diagnosis, implementation
of comprehensive therapeutic strategies and appropriate
decision-making, which could potentially play an important
role in reducing the high morbidity and mortality associated
with this disease. Successful execution of such a concept
requires a collective effort to optimize communication
pathways, to favor inter- and multi-disciplinary approaches,
to allow outpatient treatment and follow-up after discharge
as well as to strengthen community educational programs
and medical training.
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