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Abstract: Infective endocarditis (IE) represented over the last year a growing medical and surgical concern. 
The changes in etiology and demographic of the disease, which now includes also a large proportion 
of iatrogenic conditions, has prompted new studies and updates in the guideline for IE treatment. The 
increasing use of intravascular and intracardiac devices has introduced new challenges in terms of both 
antibiotic resistance and surgical treatment of prosthetic endocarditis. Also, patients with complex congenital 
heart diseases, intravenous drug abusers and patients with chronic renal failure under hemodialysis have 
been added to the list of high-risk subjects for IE. Important aspects concerning the establishment of the 
endocarditis team, the clinical management, the optimal medical therapy and the indication and timing 
for surgery are arguments of debate and controversy across the literature. In particular, the most adequate 
strategy to be adopted in the context of concomitant neurological complication remains greatly debated. 
Despite attempts to standardize the practice in IE, the lack of powered randomized clinical evidence 
prevented the achievement of a univocal consensus in several aspects of the management of IE. This situation 
reflects in some differences in the recommendation promoted by the European Society of Cardiology and 
American Heart Association/American College of Cardiology. In this review, we will compare the European 
Society of Cardiology and the American Heart Association guidelines and discuss important aspects related 
to clinical management and indications of for treatment.
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Introduction

Infective endocarditis (IE) is a condition that mainly 
affects the heart valves with an incidence between 3 and 10 
episodes per 100,000 people/year reaching a peak incidence 

of almost 14.5 episodes per 100,000 people/years in elderly 
patients (1,2).

Due to the increase in endovascular procedures, there has 
been an increase in nosocomial IE although community-
acquired IE still prevails as far the general incidence of the 
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disease. The increased life-expectancy and aging of the 
population, the growing incidence of age-related valve disease 
and the widespread use of implantable electrophysiological 
devices (CIED) constitute crucial factors in the current 
IE demographics. Patients with complex congenital heart 
diseases, intravenous drug abusers (IVDU) and patients 
with chronic renal failure under hemodialysis are becoming 
the new high risk subjects for IE (2). The increase in the 
incidence of bacteremia due to Staphylococcus species has 
increased the number of cases of acute IE with a faster and 
more destructive course (3). IVDU remain the most difficult 
to manage as burdened by worse long-term outcomes in 
comparison to age-matched population and most likely 
requiring surgery and prolonged hospitalization (4,5).

Clinical presentation of IE is variegated and includes 
systemic complication, infective embolization, as well as 
significant alteration of the physiological cardiac anatomy. 
Systemic complications with the development of multiorgan 
dysfunction and sepsis are unfortunately also frequent. It 
can cause serious complications and is associated with high 
mortality (1-3).

Early recognition and rapid medical treatment of patients 
with IE, as well as the identification of the correct timing of 
the surgical intervention, are strategic moments to optimize 
the outcome of these patients. It is very important that 
these patients are rapidly referred to specialized centers 
and evaluated by multidisciplinary teams of experts in order 
to be directed as quickly as possible towards the correct 
therapeutic path.

The establishment and formalization of multidisciplinary 
endocarditis management teams with approved protocols 
helped to achieve faster diagnosis and more standardized 
medical and surgical protocols, improving the survival of 
patients and decreasing their hospital stay (6,7).

However, despite attempts to standardize the practice in 
IE, the lack of powered randomized clinical evidence and 
the changing scenario of this daunting disease prompted 
over the course of the years new studies and updates of both 
the European and American Society’s guidelines for the 
management of IE (8).

When analyzing the current guidelines that regulate the 
treatment of this condition from both European Society of 
Cardiology (ESC) (9) and the American Heart Association 
(AHA)/American College of Cardiology (ACC) (3) it is 
possible to notice some aspects of non-univocal consensus 
regarding the diagnostics and treatment of the disease. A 
comparison focusing on the role of imaging in the evaluation 
and management of IE has been recently published (8).

In this review, we will compare the guidelines and discuss 
important aspects related to the clinical management and 
indications of for treatment.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-5134).

The endocarditis team

A multidisciplinary approach is recommended and the 
“endocarditis team” integrates the specific knowledge 
and expertise of different specialists (cardiologists, 
anesthesiologists ,  cardiac surgeons,  neurologists , 
n e u r o s u r g e o n s ,  i n f e c t i o u s  d i s e a s e  s p e c i a l i s t s ,  
microbiologists) (9). Lately, the endocarditis team has 
acquired an increasing importance to optimize the diagnostic 
process, decision-making and treatment of the patient.

Implementation of an approach with an “endocarditis 
team” has shown significant clinical benefits, especially in 
high-risk patients and patients with heart failure (10,11). 
Also, the use of this multidisciplinary management 
framework has shown a significant reduction of 1-year 
mortality (from 18.2% to 8.2%) a better compliance to 
antimicrobial therapy and fewer cases of renal failure in 
addition to a reduction of deaths due to embolic events or 
multi-organ failure syndrome (6). Furthermore, a significant 
reduction in the overall in-hospital (28% vs. 13%, P=0.02) 
and 3-year mortality (34% vs. 16%, P≤0.001), as well as a 
lower mortality for surgery during the active phase (47% vs. 
13%, P≤0.001) was reported (12). 

Many professional figures constitute the endocarditis 
team: cardiologists with echocardiographic expertise, 
radiologists, microbiologists and infectious disease specialists 
to identify the adequate antibiotic therapy scheme, cardiac 
surgeons to define indications and timing for surgery, 
neurologists in case of neurological complications, surgeons 
and vascular interventionists to manage other systemic 
embolic complications (splenic abscesses and peripheral 
embolism).

Despite patients with isolated, non-high-risk IE 
could be managed in small, non-specialized centers, 
regular communication with a multidisciplinary team of 
endocarditis in the reference centers should be established. 
Onset of complications or the lack of improvement, should 
prompt a quick transfer of the patient to referral centers 
with an endocarditis team. It should also be considered that 
the role of the endocarditis team is not only limited to the 
management of patients with IE, but also involves education 
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of medical students, health care workers and the contribute 
with clinical research to the improvement of the global care 
standard (13).

Clinical scenario

There are many factors that play a fundamental role in the 
development of the natural history of IE. Cardiac structural 
anomalies and pre-existing comorbidities, type of infected 
valve (native or prosthetic), position (aortic, mitral, or 
right-sided), the type of pathogenic microorganisms and 
its virulence and the systemic involvement other organs 
beyond the heart (14-16).

Staphylococci species (S. aureus being more aggressive 
and destructive) and streptococci are the most common, 
aggressive and destructive bacteria. The extent of the 
infection relates to microorganism virulence and duration 
of the infection (1). Early diagnosis of the disease and 
prevention of the development of local and systemic 
complications are essential in order to optimize the patient’s 
outcomes (17). Importantly, the timing and indication for 
invasive treatment also constitutes a fundamental part of the 
decision-making process.

It is sobering to note that one of the aspects of non-
uniformity among the currently available guidelines for IE 
relies in the definition of criteria and timing for surgery.

Table 1 Clinical evaluation

Guidelines Recommendation Level/class of evidence

ESC guidelines Patients with complicated IE should be evaluated and managed at an early stage in a reference 
center, with immediate surgical facilities and the presence of a multidisciplinary ‘Endocarditis 
Team’, including an ID specialist, a microbiologist, a cardiologist, imaging specialists, a cardiac 
surgeon and, if needed, a specialist in CHD

IIa/B

For patients with uncomplicated IE managed in a non-reference center, early and regular 
communication with the reference center and, when needed, visits to the reference center should 
be made

IIa/B

AHA/ACC 
guidelines

Decisions about timing of surgical intervention should be made by a multispecialty Heart Valve 
Team of cardiology, cardiothoracic surgery, and infectious disease specialists

I/B

Both recommend a multi-disciplinary evaluation of the patient (heart team). IE, Infective endocarditis; ESC, European Society of Cardiology; 
AHA, American Heart Association; ACC, American College of Cardiology; ID, infectious disease; CHD, congenital heart disease.

Table 2 Surgical indications: heart failure

Guidelines Recommendation Level/class of evidence

ESC guidelines Aortic or mitral NVE or PVE with severe acute regurgitation, obstruction or fistula causing 
refractory pulmonary edema or cardiogenic shock—timing of surgery: emergent

I/B

Aortic or mitral NVE or PVE with severe regurgitation or obstruction causing symptoms 
of HF or echocardiographic signs of poor hemodynamic tolerance—timing of surgery: 
urgent

I/B

Right HF secondary to severe tricuspid regurgitation with poor response to diuretic 
therapy

IIa/C

AHA/ACC guidelines Early surgery (during initial hospitalization before completion of a full therapeutic course 
of antibiotics) is indicated in patients with IE who present with valve dysfunction resulting 
in symptoms of HF

I/B

Early surgery (during initial hospitalization before completion of a full therapeutic course 
of antibiotics) is indicated in patients with IE complicated by heart block, annular or aortic 
abscess, or destructive penetrating lesions

I/B

ESC guidelines show greater stratification in choosing the correct intervention timing. Both identify the onset of symptoms attributable 
to HF and the presence of cardiac structural damage as an indication for surgical treatment. IE, Infective endocarditis; ESC, European 
Society of Cardiology; AHA, American Heart Association; ACC, American College of Cardiology; HF, heart failure; NVE, native valve 
endocarditis; PVE, prosthetic valve endocarditis.
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Table 3 Surgical indications: uncontrolled infection

Guidelines Recommendation Level/class of evidence

ESC guidelines Locally uncontrolled infection (abscess, false aneurysm, fistula, enlarging vegetation)—timing of 
surgery: urgent

I/B

Infection caused by fungi or multi-resistant organisms—timing of surgery: urgent/elective I/C

Persisting positive blood cultures despite appropriate antibiotic therapy and adequate control of 
septic metastatic foci—timing of surgery: urgent/elective

IIa/B

PVE caused by staphylococci or non-HACEK gram-negative bacteria—timing of surgery: urgent/
elective

IIa/C

Right-sided IE: Microorganisms difficult to eradicate (e.g., persistent fungi) or bacteremia for >7 days 
(e.g., S. aureus, P. aeruginosa) despite adequate antimicrobial therapy

IIa/C

AHA/ACC 
guidelines

Early surgery (during initial hospitalization before completion of a full therapeutic course of 
antibiotics) is indicated in patients with left-sided IE caused by S. aureus, fungal, or other highly 
resistant organisms

I/B

Early surgery (during initial hospitalization before completion of a full therapeutic course of 
antibiotics) for IE is indicated in patients with evidence of persistent infection as manifested 
by persistent bacteremia or fevers lasting longer than 5 to 7 days after onset of appropriate 
antimicrobial therapy

I/B

Surgery is recommended for patients with prosthetic valve endocarditis and relapsing infection 
(defined as recurrence of bacteremia after a complete course of appropriate antibiotics and 
subsequently negative blood cultures) without other identifiable source for portal of infection

I/C

ESC guidelines show greater stratification in choosing the correct intervention timing. The AHA/ACC guidelines show greater attention to the onset 
of symptoms and contemplate a specific indication for IE arisen on a prosthetic valve. Both identify infections refractory to antibiotic therapy or 
infections caused by microorganisms that are difficult to eradicate as an indication for surgery. IE, Infective endocarditis; ESC, European Society of 
Cardiology; AHA, American Heart Association; ACC, American College of Cardiology.

Table 4 Surgical indications: prevention of embolism

Guidelines Recommendation Level/class of evidence

ESC guidelines Aortic or mitral NVE or PVE with persistent vegetations >10 mm after one or more embolic episode 
despite appropriate antibiotic therapy—timing of surgery: urgent

I/B

Aortic or mitral NVE with vegetations >10 mm, associated with severe valve stenosis or regurgitation, 
and low operative risk—timing of surgery: urgent

IIa/B

Aortic or mitral NVE or PVE with isolated very large vegetations (>30 mm)—timing of surgery: urgent IIa/B

Aortic or mitral NVE or PVE with isolated large vegetations (>15 mm) and no other indication for 
surgery. Surgery may be preferred if a procedure preserving the native valve is feasible—timing of 
surgery: urgent

IIb/B

Right-sided IE: Persistent tricuspid valve vegetations >20 mm after recurrent pulmonary emboli with 
or without concomitant right heart failure

IIa/C

AHA/ACC 
guidelines

Early surgery (during initial hospitalization before completion of a full therapeutic course of 
antibiotics) may be considered in patients with native valve endocarditis who exhibit mobile 
vegetations greater than 10 mm in length (with or without clinical evidence of embolic phenomenon

IIb/B

Early surgery (during initial hospitalization before completion of a full therapeutic course of 
antibiotics) is reasonable in patients with IE who present with recurrent emboli and persistent 
vegetations despite appropriate antibiotic therapy

IIa/B

ESC guidelines show greater stratification in choosing the correct intervention timing, in assessing the size of the vegetation and the functioning of 
the valve on which it is positioned. The ESC guidelines also highlight a different indication in relation to the occurrence of embolic events. The AHA/
ACC guidelines give greater importance to the possibility of reducing the size of vegetation with antibiotic therapy. IE, Infective endocarditis; ESC, 

European Society of Cardiology; AHA, American Heart Association; ACC, American College of Cardiology; NVE, native valve endocarditis; PVE, 
prosthetic valve endocarditis.
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Table 5 Management of neurologic complications of infective endocarditis

Guidelines Recommendation Level/class of evidence

ESC guidelines After a silent embolism or transient ischemic attack, cardiac surgery, if indicated, is 
recommended without delay 

I/B

Following intracranial haemorrhage, surgery should generally be postponed for ≥1 month IIa/B

After a stroke, surgery indicated for HF, uncontrolled infection, abscess, or persistent high 
embolic risk should be considered without any delay as long as coma is absent and the 
presence of cerebral haemorrhage has been excluded by cranial CT or MRI

IIa/B

AHA/ACC guidelines Operation without delay may be considered in patients with IE and an indication for 
surgery who have suffered a stroke but have no evidence of intracranial hemorrhage or 
extensive neurological damage

IIb/C

Delaying valve surgery for at least 4 weeks may be considered for patients with IE and 
major ischemic stroke or intracranial hemorrhage if the patient is hemodynamically stable

IIb/C

In both guidelines, the present of cerebral hemorrhage forces to postpone the surgery and the patient's clinical conditions (both 
neurological and hemodynamic) play a fundamental role in confirming the indication. The ESC guidelines show more attention to the 
colonization of other organs by pathogenic organisms. IE, Infective endocarditis; ESC, European Society of Cardiology; AHA, American 
Heart Association; ACC, American College of Cardiology; HF, heart failure.

Table 6 Cardiac device-related IE

Guidelines Recommendation Level/class of evidence

ESC guidelines Prolonged (i.e., before and after extraction) antibiotic therapy and complete hardware (device 
and leads) removal are recommended in definite CDRIE, as well as in presumably isolated 
pocket infection

I/C

Complete hardware removal should be considered on the basis of occult infection without 
another apparent source of infection 

IIa/C

In patients with NVE or PVE and an intracardiac device with no evidence of associated device 
infection, complete hardware extraction may be considered

IIb/C

AHA/ACC 
guidelines

Complete removal of pacemaker or defibrillator systems, including all leads and the generator, 
is indicated as part of the early management plan in patients with IE with documented infection 
of the device or lead

I/B

Complete removal of pacemaker or defibrillator systems, including all leads and the generator, 
is reasonable in patients with valvular IE caused by S. aureus or fungi, even without evidence 
of device or lead infection

IIa/B

Complete removal of pacemaker or defibrillator systems, including all leads and the generator, 
is reasonable in patients undergoing valve surgery for valvular IE

IIa/C

Both guidelines recommend the removal and replacement of intra and extra cardiac devices, even if not located in the primitive site of the 
infection. The AHA/ACC guidelines pay more attention to the microorganism responsible for the infection. IE, Infective endocarditis; ESC, 
European Society of Cardiology; AHA, American Heart Association; ACC, American College of Cardiology; CDRIE, cardiac device related 
infective endocarditis; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis.

Comparison of the ESC and AHA/ACC guidelines

Current guidelines were compared in terms of clinical 
evaluation (Table 1), surgical indications (Table 2 for heart 
failure, Table 3 for uncontrolled infection, Table 4 for 
prevention of embolism), management of neurologic 
complications (Table 5) and cardiac device-related IE (Table 6).

Discussion

Surgery for IE

IE treatment is based on a combination of medical therapy 
with antibiotics and surgery. The latter is necessary in some 
specific conditions identified by the guidelines. As shown 
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in Tables 1-4, the ESC and ACC/AHA guidelines agree on 
multiple aspects. Antibiotic therapy, although necessary, 
is often ineffective in controlling extensive infections 
affecting large areas of myocardial or prosthetic tissue (large 
vegetations, abscesses, fistulas). In these cases, delaying 
surgery could adversely affect patient outcome by increasing 
the risk of developing local and systemic complications (18),  
destruction of valvular tissue and invasion of para-
valvular structures (19). The micro-organism identified as 
responsible for the infection represents a possible surgical 
indication per se. The isolation of very aggressive and 
antibiotic-resistant micro-organisms as S. aureus (20) or 
some fungi are direct indications for surgery (1). 

Presence of cerebral embolism is not a contraindication 
for early surgery, but in case of cerebral hemorrhage it is 
recommended to delay the surgery by four weeks. In these 
cases, consultation with neurologists or neurosurgeons is 
fundamental. 

Surgical timing 

The goal of the endocarditis team should be to prevent the 
development of complications. In this context, decision-
making on the timing for intervention is crucial to prevent 
embolic complications. Surgery should be performed at 
early stages in patients with large vegetations or intra-
cardiac prosthetic material, where the risk of embolization 
or development of perivalvular abscesses is high (18,19). 
Delaying surgery in hemodynamically stable patients 
with adequate antimicrobial therapy but with established 
indication for surgery is not associated with further 
benefits or is even detrimental according to a number of 
observational studies (21-25).

The decision of the correct therapeutic strategy to be 
applied in patients with IE and neurological complications is 
a very challenging. The lines ESC and ACC/AHA provide 
substantially univocal indications although they present 
some differences (Table 5). There are many neurological 
complications that can be observed during IE: ischemic 
stroke, cerebral hemorrhage (ICH), cerebral microbleeds, 
intracranial infectious aneurysms, and remote dissemination 
of infectious foci. 

In ischemic stroke, the guidelines seem to suggest early 
surgery. However, while on the one hand the removal 
of the embolic source would protect the patient from 
future embolic events, on the other hand there it has been 
reported an increase in the onset of further neurological 
complications in patients undergoing early surgery (26,27). 

An analysis of the available literature provides contradictive 
findings. While some studies suggest that delayed surgery 
in stroke patients would correspond to an improvement in 
the clinical outcomes (28,29), more recent report and meta-
analysis of observational studies contest these hypotheses 
and showed that early surgery is non-inferior to delayed 
surgery for major stroke patients and would even improve 
outcomes in minor stroke patients (30,31).

In case of ICH, the guidelines suggest waiting at least 
3–4 weeks before surgery. This indication is supported 
by studies showing rapid deterioration of neurological 
conditions in patients undergoing early surgery (31-34). On 
the other hand, recent studies have re-discussed this topic 
showing how the risk of disease progression in patients with 
ICH is very low, giving early surgery a greater safety profile 
(35,36). In support of this thesis, Salaun et al. in recent 
single center study have shown that patients who present 
with ICH show a higher mortality if treated conservatively 
when IE surgery is indicated (37). Other studies have 
shown not only non-inferiority of surgery performed within  
2 weeks of the bleeding event, but also an improvement in 
the outcomes in terms of mortality (31,35,38). Parameters 
as the size of the hemorrhagic area and the presence 
of hemorrhagic infarction of brain tissue have become 
increasingly important in the stratification of patients 
presenting with ICH (39). 

Surely, these controversies warrant the need for further 
studies deepening knowledge on this argument. 

Gaps in knowledge

Despite several aspects of IE management are challenging 
and debated, the most important gaps in knowledge 
relate to the correct timing of surgery in patients with 
neurological complications, the role of early surgery to 
prevent embolism, and in patient with prosthetic valve 
endocarditis (PVE). These areas require further evidences 
to formulate a correct decisional algorithm. 

Conclusions

The presence discrepancies between different guidelines 
is an indicator of the difficulty in the identification of the 
correct therapeutic strategy of patients with IE, especially in 
those burdened by neurological complications.

The difficulty in performing randomized trials in this 
field has conspired against the agreement on univocal 
indications on IE management and left the evidences on 
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some particular aspects to the level of “expert opinion”. 
Despite a general adherence to the guidelines, the clinical 
practice is often multifaceted and inevitably influenced by 
surgeons’ experience or predilection.

The possibility of postponing surgery for 4 weeks after 
a cerebral hemorrhage protects patients from an increased 
risk of bleeding during cardiopulmonary by-pass. On the 
other hand, septic embolization of endocarditic vegetation 
is the most frequent cause of stroke with hemorrhagic 
degeneration. Delaying the surgery means exposing the 
patient to the risk of new embolic events with negative 
impact on clinical outcomes. 

Currently, the literature does not provide sufficient 
information to provide an unambiguous answer to these 
questions. Elements of the clinical history, comorbidity, 
extent of the infection, presence of intra-cardiac prosthetic 
materials could guide decision-making in the context of the 
endocarditis team. However, only further investigations 
with specific aims could shed light on these challenging 
interrogatives.
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