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Abstract

Infective endocarditis is a rare but life-threatening disease that has a major impact on 
healthcare resources. It is heterogeneous in etiology, clinical manifestations, and course. 
The timing of surgery remains a topic of debate. Some authors promote an early surgical 
approach to improve the outcomes. There are different points of view between American 
and European guidelines regarding the relative priority of surgery over medical treat-
ment. Anyway, multidisciplinary teams and multimodality strategies are advocated in 
order to optimize the treatment according to the individual needs of the patients. The 
early surgical approach may represent a valuable treatment option for high-risk patients. 
In this chapter, we discuss the latest evidence on surgical approaches, potential pitfalls, 
and the controversial issues in the contemporary practice of infective endocarditis.

Keywords: complicated infective endocariditis, cardiac device, surgical reconstruction, 
echocardiography imaging, prosthetic heart valve

1. Introduction

Infective endocarditis (IE) is a rare but severe cause of sepsis that consumes consider-
able healthcare resources and requires multidisciplinary approach. It affects 3–10 per 
100,000 per year in the population, and the incidence seems to be slightly increasing [1]. 
Therefore, up to 40–50% of affected patients require valve surgery during the clinical 
course, with overall mortality remaining around 20–25% per year in most published 
series. First described by Lazare Riviere in the seventeenth century, but William Osler 
better characterized the clinical manifestations [2]. Given its complexity, the manage-
ment of infective endocarditis requires the close collaboration of multidisciplinary 
approach, Endocarditis Team, mandatory for the appropriate initial treatment. It is 
generally agreed that those decisions on both the indication and timing of surgical inter-
vention should be determined by multi-specialists with expertise in cardiology, imaging, 
cardiac surgery, infectious disease, and neurology [3]. Approximately 50% of patients 
will require early surgery, but there are concerns that performing the procedure during 
an active infection, before the valve is completely sterilized, may lead to an increase in 
post-operative complications. Despite the rapid diagnosis and early intervention, 1-year 
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mortality associated with erectile dysfunction has not improved in recent decades. 
Infectious endocarditis on prosthetic material after percutaneous procedures represent 
over 25% of all cases and include electronic implantable cardiac device (CIED), TAVR 
transcatheter aortic valve replacement, non-electronic devices (percutaneous occluder), 
cases of which are on the rise and create unique clinical challenges [4]. Interventions are 
characterized by a high risk of mortality. The use of surgery has gained a phase in the 
treatment of IE, and it is expanding. Current guidelines are cautious in board indication 
of surgery in aggressive left-sided endocarditis [5]. Early surgery is highly recommended 
in patients with IE with signs of congestive heart failure, while surgery to prevent sys-
temic embolism remains debated. Indeed, main concern for patients with large vegeta-
tion high-risk embolism [6]. In these cases, the early surgery approach with complete 
excision of infected tissue and valve repair has been achieved in high-volume centers 
with low mortality, suggesting the benefit of early surgical management [7]. Concerns 
remain regarding the technical challenge of surgery in the active infection and inflamma-
tory responses. The 2015 American College of Cardiology-American Heart Association 
(ACC-AHA) and European Society of Cardiology guidelines on the use of early surgery 
have different approaches and non-univocal recommendation [8]. There is a difference 
in the assessment of endocarditis between the European and American guidelines that 
can guide the decision-making aspect. For the ESC guidelines, distinguish emergency 
surgery (performed within 24 h), urgent surgery (within a few days), and elective sur-
gery (after 1–2 weeks of antibiotic therapy), with an urgent basis for the majority of cases 
[9–11]. AHA guidelines define early surgery as during initial hospitalization and before 
completion of a full course of antibiotics. At the moment, there are no randomized 
studies that can help us reach the best conditions for the surgery and, therefore, the right 
times. Crucial for the best surgical outcome, to perform it at the right time, especially 
in patients with prosthetic valve endocarditis, which occurs in 3–6% of patients within 
5 years of surgery and is characterized by high morbidity and mortality. Many patients 
considered at intermediate to high risk or inoperable that have undergone TAVR are also 
susceptible to IE on these prostheses [12, 13]. There are well-known patients subset that 
are at higher risk due to anatomical features of valve heart disease and coexistent comor-
bidities, with more than 10% of patients considered to be at too high risk for surgery [14]. 

Figure 1. 
Mitral annulus endocarditis.
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Although surgical techniques, prosthetic models, anesthesiology, and infectiology 
approaches have constantly improved over the last years, increased higher-risk cases may 
affect operative success, in terms of higher mortality. Finally, surgery approach; valve 
conservation is especially important in less developed populations where compliance 
with medical therapy, especially anticoagulation, is poor, and bioprostheses are prone to 
early degeneration in young patients. Repair of the aortic valve is generally only applied 
to minor lesions, such as localized perforations of the cusps and vegetations that do not 
significantly alter the valve structure. In contrast, there is a wider scope for conservation 
of the mitral valve (MV); several studies have confirmed the feasibility of MV repair in 
the healed and active phase of IE and have shown better long-term results in compari-
son with valve replacement. Several authors used a minimally invasive or endoscopic 
approach. In this chapter, we will discuss the surgeon’s point of view and can be given 
answers regarding the best strategy to be adopted in the early treatment of IE (Figure 1).

2. Epidemiology

In the past, rheumatic heart disease was a predisposing condition, but is nowadays 
less commonly detected among cases of infective endocarditis, although the importance 
of such predisposing conditions persists in low-income countries [15]. Therefore to 
know the real patient age, comorbidities, place of acquisition, type of endocarditis, 
microbiological data, and mortality rate worldwide. Cases associated with intravenous 
drug use have decreased, but dramatic increase in North America and in some Eastern 
European countries [16]. In high-income countries, cases are increasing for degenera-
tive valve disease, intracardiac devices, indwelling catheters, and immunosuppression 
[17, 18]. This explains why the latest analyses of the demographic of endocarditis cases 
show a trend toward nosocomial characteristics, elderly patients, staphylococcal, entero-
coccal cases, and the involvement of prosthetic valves and cardiovascular implantable 
electronic devices (CIEDs). Other etiologies: 2–5% can be produced by Gram-negative 
bacilli (HACEK group [19]). Fungal endocarditis accounts for less than 2% of cases, 
mainly caused by yeasts of the genus Candida spp and rarely by other filamentous 
fungal yeasts [20]. A variable proportion (up to 10–20% of cases) without documented 
etiology is considered “culture-negative endocarditis” mostly as a consequence of prior 
administration of antibiotics or caused either by slow-growing microorganisms or from 
intracellular bacteria that are difficult to cultivate (e.g., Chlamydophila spp., Bartonella 
spp., Tropheryma whipplei). Staphylococcus aureus is the most frequently isolated patho-
gen in high-income countries with a reported percentage of 30% of cases. Habib et al. 
In the EURO-ENDO registry, from 1 January 2016 to 31 March 2018, centers were asked 
to include consecutive patients aged greater than 18 years who presented with IE during 
a 1-year period [21]. A total of 156 centers from 40 countries included 3116 cases of IE, 
representing an average of 20.19 patients per center per year offers a unique opportunity 
to assess the current characteristics of IE in Europe [22]. It allows us to consider clini-
cal presentation, microbiology, complications, management, and prognosis. Several 
countries outside Europe also participated in this study, allowing the analysis of IE on 
the basis of geographical and socioeconomic factors. It will allow a comparison with the 
EuroHeart survey [23, 24]. The main messages emerging from EURO ENDO: IE most 
frequently affects men around 60 years of age; prosthetic valve infective endocarditis 
(PVIE), CIED, nosocomial, staphylococcal, and enterococcal endocarditis are more 
frequent. Sepsis and septic shock are severe complications that may arise from any 
type of infection, which can eventually lead to a multiorgan failure. It appears to be 
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associated with particularly virulent microorganisms such as S. aureus and beta-hemo-
lytic Streptococci. Indeed, due to their invasive and destructive effects on the affected 
anatomical structures, these bacteria can seed distant septic metastases. The extraction 
of exotoxins that can act as superantigens, which overactivate the immune system. The 
systemic inflammation that is consequently triggered has an important hemodynamic 
impact, with endothelial dysfunction and a drop in vascular resistance. This serious 
situation explains why the presence of septic shock is associated with an increase in the 
risk of mortality. IE develops in three stages: bacteremia, adhesion, and colonization. In 
bacteremia, bacteria enter the bloodstream via the mouth, gastrointestinal, and urinary 
tracts, or the skin, through venous catheters or after an invasive medical or surgical 
procedure. Adhesion: whereas the normal endothelial lining of the heart is resistant to 
bacterial adhesion, bacteria are able to adhere to abnormal or damaged endothelium 
via surface adhesins. These proteins mediate attachment to extracellular host matrix 
proteins, facilitated by fibrin and platelet microthrombi. Bacterial adhesion gives rise to 
colonization; cycles of bacterial proliferation occur in addition to thrombosis, monocyte 
recruitment, and inflammation, leading to formation of mature vegetation. Many of the 
microorganisms produce biofilms that protect bacteria host immune defenses, impede 
antimicrobial efficacy, and hide resistant persister organisms. Biofilm is an important 
determinant of virulence in staphylococcal device-related infections. In general, three 
blood culture series detect the presence of pathogens in 96–98% of bacteremia who 
have not yet started antibiotic therapy, in coagulase-negative Staphylococci. The blood 
culture does not need to be done at the febrile peak because the presence of the pathogen 
is not related to the extent of the fever. It’s possible that no pathogen growth from blood 
cultures delays diagnosis, which, is reported in up to 10% of cases. Fungal endocarditis 
usually caused by Candida or Aspergillus, is very aggressive and often fatal because it 
occurs in the immunosuppressed patient or after cardiac surgery, mainly in prosthetic 
valve recipients. After surgery can help in the microbiological diagnosis through the use 

Figure 2. 
Prosthesis aortic valve infection.
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of complementary molecular techniques such as a polymerase chain reaction for patho-
gen DNA (PCR). Particularly useful in patients that received antibiotics, as bacterial 
DNA often persists even for non-cultivable pathogens (e.g. T. whipplei). PCR often car-
ries the risk of false positive results due to contamination of the sample. New techniques 
combining PCR and mass spectrometry promise direct characterization of bacteria 
in peripheral blood or valvular tissue. The infection that occurs on cardiac devices is 
sustained by reactive inflammatory and thrombotic phenomena (Figure 2).

3. Diagnosis

The diagnosis of IE is based on clinical, microbiological, and imaging data, as 
specified by the modified Duke criteria. Clinical features of infective endocarditis 
remains a critical feature in diagnosis, primarily for subacute and chronic forms. For 
diagnosis the information proposed by blood cultures, and different imaging can 
accurately define anatomical aspects such as vegetation or other complications [25].

4. Imaging

Transthoracic echocardiography (TTE) is the main method in the diagnosis of 
endocarditis; remains cornerstone of imaging and is rapid, straightforward, and 
may diagnostic. TTE is the recommended initial modality of choice for both native 
or prosthetic valve infective endocarditis (TTE) varying sensitivity rates for valvular 
and paravalvular abnormalities such as vegetations, new regurgitation, or dehiscence 
of a prosthetic valve perforations, abscesses, and fistulae. Transesophageal echocar-
diography TEE is indicated when TTE is positive or nondiagnostic, when complica-
tions are suspected, or when intracardiac device leads are present. This technique can 
also differentiate vegetations from thrombi and can be used in surgical planning. A 
growing interest in the use of cardiac computed tomography (CT) [26]. CT shows 
anatomical correlation, especially when diagnosing a perivalvular abscess of the 
aortomitral intervalvular fibrous body and structures surrounding the aortic root. 
Cardiac CT is frequently used to preoperatively assess the presence of coronary artery 
disease in aortic endocarditis where performing a coronary angiography carries a 
prohibitively high risk of dislodging of vegetation. In early diagnosis, excellent results 
are obtained in measuring biological activity by emission of 18 F-fluorodeoxyglucose 
positron/computed tomography (FDG-PET/CT) and CT/CT with emission of single 
photons of radiolabelled white blood cells (WBC-SPECT/CT). These investigation 
methods have been recommended by the European Society of Cardiology in patients 
with suspected endocarditis on valves implanted for more than 3 months, whose 
positive value has been included as the main criterion for the diagnosis of the germ 
and therefore of device-related endocarditis [27]. Several studies on patients with 
suspected PVE have demonstrated an important diagnostic value of FDG-PET/CT and 
WBC-SPECT/CT and suggest that two imaging techniques can be used in a stepwise 
fashion when evaluating the presence of endocarditis. FDG-PET/CT should be used 
first, for higher sensitivity and if the results are not conclusive, WBC-SPECT/CT may 
be performed. Controversy remains on the use in patients with aortic root grafts with a 
prosthetic valve, since a high rate of false positives. In the diagnosis of NVE, the role of 
FDG-PET/CT has not been fully established and may be limited when endocarditis is 
strongly suspected but the DUKE criteria are not met [28]. Brain CT is often used when 
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neurological symptoms are present, and magnetic resonance imaging (MRI) has better 
sensitivity in defining lesions. Routine cerebral RMI identifies abnormalities in 80% 
of patients. Routine cross-sectional imaging of the brain, chest, spine, spleen, liver, 
and kidneys has not demonstrated a clear utility, but evidence of embolism by cross-
sectional imaging is a novel minor diagnostic criterion in the ESC 2015 guidelines.

5. Surgery approach

The objectives of surgery are as follows: remove possible sources of embolism; 
remove both infected tissue and foreign material; restore cardiac integrity, close any 
cavities; and often restore both the aortic mitral junction and the left ventricular out-
flow tract. Many surgical techniques have been used or invented both full sternotomy 
and minimally invasive approaches, but a clear long-term advantage of one technique 
has yet to be proven [29, 30]. Surgery is currently performed in 50–60% of patients, 
and 6-month survival rates are >80%. Current indications for surgery, as defined in the 
AHA and ESC guidelines. The optimal timing of surgical intervention is also conten-
tious [31]. Delaying surgery may allow a high risk of disease progression with valve 
destruction, abscess formation, heart block, embolic complications, and even death 
[32]. Early surgery differs significantly between European and U.S. guidelines. The 
most common indication to perform early operation in the IE is the development of 
heart failure. Severe valve regurgitation, even among asymptomatic patients, imposes 
a volume load on the left ventricle, which results in ventricular dysfunction for dilata-
tion or hypertrophy and heart failure. In mitral valve regurgitation, the elevation of 
left atrial pressure leads to left atrial enlargement, atrial fibrillation, and pulmonary 
congestion. In patients who had not received emergency surgery, the outcomes are 
nefarious because of the progression to cardiogenic shock. The large vegetation that 
comprises the functionality of the entire valve can have a faster deterioration with the 
progression of hemodynamic instability. Once the diagnosis of IE has been ascertained 
and the indication for surgery is formulated, there currently appears to be no demon-
strated benefit in delaying surgery. The choice to perform ED surgery in the first few 
hours or with a 48-hour delay depends on the evaluation of the endocarditis team but 
above all on the patient’s clinic. Mortality is low in centers of excellence with high-level 
experience in the management of complex patients, although very often, especially in 
complex or repetitive cases, it is not possible to standardize surgical techniques.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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