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Preface

Infective endocarditis is a potentially devastating disease. It presents with vague, 
unspecific symptoms, and both the suspicion and confirmation of the diagnosis is
often delayed. The incidence of endocarditis has increased due to the aging popula-
tion, with comorbidities, the vast use of implantable cardiac devices, artificial 
valves, and intravenous abuse. The diagnostic work-up relies on cardiac imaging, 
especially echocardiography and laboratory findings, in addition to careful his-
tory taking. A multidisciplinary team is warranted to achieve optimal treatment of
patients with infectious endocarditis.

This book aims to cover various aspects of the management of infectious endocardi-
tis. Hopefully, it may provide knowledge to implement improved, evidenced-based 
care for this challenging disease.

We hope you enjoy reading it!

Peter Magnusson (editor) and Robin Razmi (co-editor)
Peter Magnusson, MD

Centre for Research and Development, Uppsala University, Sweden, 
Cardiology Research Unit, Department of Medicine, Karolinska Institutet, 

Stockholm, Sweden

Robin Razmi 
Centre for Research and Development, Uppsala University, Sweden
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Chapter 1

Introductory Chapter: Infective
Endocarditis - An Introduction
Robin Razmi and Peter Magnusson

1. Introduction

Infective endocarditis (IE) is a rare but potentially fatal condition. Almost always
it is caused by bacteria, even though fungal endocarditis may occur. The infectious
agent enters the bloodstream where it may adhere to the endocardium and predomi-
nantly the cardiac valves. While infective endocarditis (IE) may occur in any person,
some risk factors are well known. Among these, the most significant are patients with
valvular anomalies, prosthetic valves, cardiac implantable electric devices (CIEDs),
and intravenous drug users. The clinical presentation may vary greatly depending on
factors pertaining to the host as well as the causative microbe. Initial symptoms may
be low-grade and unspecific but occasionally fulminant and severe. The diagnosis is
often challenging and based on a combination of several clinical, microbiological, and
radiological findings. The cornerstone of treatment is high-dose antibiotics, which are
generally administered intravenously. However, pharmaceutical treatment alone is
sometimes insufficient, and surgical intervention is required. This is particularly true
in complicated cases, as well as in prosthetic valve endocarditis and CIED infection.

2. Epidemiology, pathophysiology, and prophylaxis

Bacteremia is a prerequisite for the development of infective endocarditis [1], 
and it is a more common phenomenon than might be assumed. In fact, transient
bacteremia often occurs in various dental and surgical procedures, as well as in
toothbrushing, flossing, and even chewing [2]. Despite the ubiquity of transient
bacteremia, infective endocarditis is a rare condition with annual incidence in the
USA varying between 11 and 15 cases per 100,000 population in the first 12 years
of the new millennium [3]. It can thus be surmised that bacteremia alone is insuffi-
cient to cause the condition. Data from animal models suggest that the development
of IE is dependent on the existence of a valvular lesion, which may be symptomatic, 
previously unknown or even microscopic, and clinically insignificant. The lesion in
turn allows bacteria to adhere to the endocardial surface, promoting the establish-
ment of the principal lesion in infective endocarditis: the vegetation [4].

The degree of valvular damage that is sufficient to cause disease varies greatly
depending on the causative agent. Staphylococcus aureus has an exceptional status in
this regard, owing to its recognized tendency to cause IE in patients without a pre-
existing valvular condition. Infectious material in the bloodstream causes an upregu-
lation of the body’s inflammatory response. Fractions of the vegetation may come
loose and cause embolization of other organs. Additionally, the presence of a vegeta-
tion on the endocardial surface may contribute irreversible structural damage [3].

The topic of antibiotic prophylaxis to prevent IE is a subject of controversy. As
described above, transient bacteremia is very common in the general population, 
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Introductory Chapter: Infective 
Endocarditis - An Introduction 
Robin Razmi and Peter Magnusson 

1. Introduction 

Infective endocarditis (IE) is a rare but potentially fatal condition. Almost always 
it is caused by bacteria, even though fungal endocarditis may occur. The infectious 
agent enters the bloodstream where it may adhere to the endocardium and predomi-
nantly the cardiac valves. While infective endocarditis (IE) may occur in any person, 
some risk factors are well known. Among these, the most significant are patients with 
valvular anomalies, prosthetic valves, cardiac implantable electric devices (CIEDs), 
and intravenous drug users. The clinical presentation may vary greatly depending on 
factors pertaining to the host as well as the causative microbe. Initial symptoms may 
be low-grade and unspecific but occasionally fulminant and severe. The diagnosis is 
often challenging and based on a combination of several clinical, microbiological, and 
radiological findings. The cornerstone of treatment is high-dose antibiotics, which are 
generally administered intravenously. However, pharmaceutical treatment alone is 
sometimes insufficient, and surgical intervention is required. This is particularly true 
in complicated cases, as well as in prosthetic valve endocarditis and CIED infection. 

2. Epidemiology, pathophysiology, and prophylaxis 

Bacteremia is a prerequisite for the development of infective endocarditis [1], 
and it is a more common phenomenon than might be assumed. In fact, transient 
bacteremia often occurs in various dental and surgical procedures, as well as in 
toothbrushing, flossing, and even chewing [2]. Despite the ubiquity of transient 
bacteremia, infective endocarditis is a rare condition with annual incidence in the 
USA varying between 11 and 15 cases per 100,000 population in the first 12 years 
of the new millennium [3]. It can thus be surmised that bacteremia alone is insuffi-
cient to cause the condition. Data from animal models suggest that the development 
of IE is dependent on the existence of a valvular lesion, which may be symptomatic, 
previously unknown or even microscopic, and clinically insignificant. The lesion in 
turn allows bacteria to adhere to the endocardial surface, promoting the establish-
ment of the principal lesion in infective endocarditis: the vegetation [4]. 

The degree of valvular damage that is sufficient to cause disease varies greatly 
depending on the causative agent. Staphylococcus aureus has an exceptional status in 
this regard, owing to its recognized tendency to cause IE in patients without a pre-
existing valvular condition. Infectious material in the bloodstream causes an upregu-
lation of the body’s inflammatory response. Fractions of the vegetation may come 
loose and cause embolization of other organs. Additionally, the presence of a vegeta-
tion on the endocardial surface may contribute irreversible structural damage [3]. 

The topic of antibiotic prophylaxis to prevent IE is a subject of controversy. As 
described above, transient bacteremia is very common in the general population, 
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Infective Endocarditis 

while manifest infective endocarditis is rare. Concordantly, striving to administer 
antibiotics to all individuals at risk for transient bacteremia would be a futile 
endeavor. Indications for prophylaxis in surgical and dental procedures have varied 
over the years, but it has never been proven that general prophylaxis is indicated, 
regardless of whether the procedure is high or low risk. Current recommendations, 
as put forward by the European Society of Cardiology, assert that antibiotic pro-
phylaxis only be considered in high-risk procedures in patients with a pre-existing 
heart condition that confers a heightened risk of endocarditis. These include 
prosthetic valve, cyanotic congenital heart disease, and patients with a previous 
episode of IE. Antibiotic prophylaxis is not recommended in other forms of valvular 
or congenital heart disease [5]. 

3. Clinical symptoms, diagnosis, and imaging 

Infective endocarditis is a condition whose presentation may vary greatly, 
which consequently may make the diagnosis elusive, conferring a significant delay 
in initiation of treatment. The presenting symptoms stem from several distinct 
pathophysiological mechanisms, and any combination of these may occur in any 
given individual: 

• Symptoms of disseminated infection 

• Symptoms of structural cardiac damage 

Definite infective endocarditis 

Pathologic criteria 

1. Microorganisms demonstrated by culture or histologic examination of a vegetation, a vegetation that 
has embolized, or an intracardiac abscess specimen 

2.Pathologic lesions; vegetation or intracardiac abscess confirmed by histologic examination 

Showing active endocarditis 

Clinical criteria 

1. Two major criteria 

2.One major criterion and three minor criteria 

3. Five minor criteria 

Possible infective endocarditis 

1. One major criterion and one minor criterion 

2.Three minor criteria 

Rejected 

1. Firm alternate diagnosis explaining evidence of infective endocarditis 

2.Resolution of infective endocarditis syndrome with antibiotic therapy for < 4 days 

3. No pathologic evidence of infective endocarditis at surgery or autopsy, with antibiotic therapy for 
<4 days 

4.Does not meet criteria for possible infective endocarditis, as above 

Table 1. 
Modified Duke criteria [6]. 
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• Symptoms of an upregulated immune system and circulating immune 
complexes 

• Symptoms of septic embolism to distant organs 

These mechanisms are reflected in the diagnostic criteria (the Duke criteria) 
provided in Table 1 [6]. To accurately make an IE diagnosis, it is crucial to (a) per-
form a thorough clinical examination, (b) acquire adequate microbiological sam-
ples, and (c) ensure that correct radiological imaging is carried out. As to the latter, 
the cornerstone of radiological imaging has long been echocardiography: preferably 
with a transesophageal approach. Other modalities, such as ECG-triggered com-
puterized tomography and positron emission tomography, are sometimes used in 
clinical practice, but are as yet not included in the Duke criteria [5]. 

4. Microbiology, antibiotic treatment, and surgery 

The most common etiologic agents in IE are Gram-positive bacteria, which are 
responsible for more than 90% of cases. IE caused by Gram-negative bacteria and 
fungi does occur but rarely. While traditionally the major bacterial finding has been 
streptococcal species, later decades have seen a continuing rise of S. aureus [3]. 

Regardless of etiology, treatment consists of a long course of high-dose antibiot-
ics, which are generally administered intravenously for the entire duration. Length 
of the treatment is usually 2–4 weeks but may be longer in complicated cases—par-
ticularly in those involving foreign material in the bloodstream. Due to the high 
total drug exposure, it is imperative to use pharmaceuticals which are well tolerated 
by the majority of patients. As in other severe infections, antibiotics of the beta-
lactamase class are preferred when applicable. These drugs are distinguished by a 
combination of high efficacy and good tolerability [7]. 

Pharmaceutical treatment alone is often insufficient, however. Thoracic surgery 
is required in 25–50% of cases during acute infection and 20–40% during conva-
lescence. Surgery is effective (a) as a means of source control (b) in preventing 
embolization and (c) as a means to repair structural cardiac damage [8]. Procedural 
risk is significant, however, and the decision to operate should be taken on an 
individual basis and in collaboration with representatives of appropriate clinical 
and diagnostic specialties. To this end it is recommended that decisions are taken by 
a unit known as the endocarditis team [9]. 

5. Conclusion 

The aim of this book is to provide a deepened understanding of infective endo-
carditis which is a complex condition. Due to its diverse clinical features, patients 
with infective endocarditis may present at any part of the healthcare system, and 
awareness is crucial in order to establish a rapid and accurate diagnosis. In order to 
prevent mortality, as well as morbidity arising from embolic events and structural 
cardiac damage, it is important that appropriate medical and surgical management 
be initiated promptly in each individual case. 
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Chapter 2

Right-Sided Infective Endocarditis
Secondary to Intravenous Drug 
Abuse
Ruchika Meel

Abstract

Right-sided infective endocarditis is due to intravenous drug abuse. Right-sided 
infective endocarditis is rare. It comprises 5–10% of infective endocarditis cases. 
Traditionally, it has been reported more commonly in patients with medical devices
such as pacemakers and defibrillators and dialysis catheters. Recently, there has
been increase in right-sided infective endocarditis related to intravenous drug 
abuse. Right-sided infective endocarditis related to drug abuse mostly affects the
tricuspid valve and rarely the pulmonary valve. Although, most uncomplicated 
cases do well with medical treatment, it is associated with considerable morbidity
and mortality due to recurrent infection. Surgery for right-sided infective endocar-
ditis is uncommon especially in resource limited setting. Few current studies have
explored surgical options in this group of patients. This chapter will review current
literature related to right-sided infective endocarditis due to intravenous drug 
abuse.

Keywords: infective endocarditis, intravenous drug abuse

1. Introduction

Infective endocarditis (IE) is characterised by a microbial infection that involves
the endocardial surface of the heart; it most often denotes infection of the heart
valves or an intracardiac device [1]. Less commonly it involves septal defects, mural 
endocardium and the subvalvular apparatus [2]. The classic lesion is a vegetation, 
which is composed of platelets, fibrin enmeshed with microorganisms and inflam-
matory cells [3]. Infective endocarditis is caused by many different species of
bacteria such as staphylococci, streptococci, enterococci and slow-growing Gram-
negative coccobacilli.

In the 1950s IE secondary to intravenous drug use was first described [4]. Right-
sided infective endocarditis (RSIE) secondary to intravenous drug use is a distinct
entity and will be reviewed in this chapter.

2. Epidemiology

Intravenous drug abuse (IVDA) is a recognised risk factor for IE. Intravenous
drug users are at a seven times higher risk for infective endocarditis compared to
patients with rheumatic heart disease or prosthetic valves [3].
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Over the last decade there has been a steady increase in number of cases related 
to IE due to intravenous drug use. Between 2000 and 2008 the rate of IE due to 
IVDA has increased from 6 to 8% hospitalisation to 12% in the year 2013. During 
this period there has been an increase in IVDA related IE cases amongst younger 
white population. A similar distribution was noted between males and females [5]. 

In United States, North Carolina, a study reported a 12-fold increase in hospitali-
sations for intravenous drug use related IE over the last decade [6]. 

In the past IE related to IVDA was predominantly disease of men. A recent study 
has shown that there is a general increase in the rate of IVDA associated IE in the 
United States, with a relatively higher proportion of women compared to previous 
studies [5, 6]. In a recent South African Study, Meel et al. reported an increase in the 
incidence of IE related to IVDA amongst Africans. These were predominantly male 
and majority were HIV infected [7]. 

Infective endocarditis involving the right side accounts for 5–10% of cases of 
IE [8, 9]. 

RSIE may occur in patients with intracardiac devices but in intravenous drug 
users it is usually associated with HIV infection [9]. 

HIV infection in intravenous drug users is associated with a higher rate of IE 
compared to HIV uninfected users [10, 11]. Further, immunosuppression with lower 
CD4 count is associated with a higher predisposition to IE [9]. 

Intravenous drug use related IE involves the tricuspid valve in 46–78% of the 
cases, mitral valve in 24–32% of cases and the aortic valve in 8–19%. About 16% of 
the patients have multiple valve involvement. In the majority the infection occurs 
on the native valves. Intravenous drug use is characterised by recurrent infective 
endocarditis of the native valves [3]. 

3. Etiopathogenesis 

The most common organism isolated in IVDA related IE is Staphylococcus aureus. 
It accounts for greater than 50% of the organisms cultured [3]. It tends to com-
monly infect the native tricuspid valve. In contrast streptococci and enterococci 
infect damaged valves, mostly aortic and the mitral valve. Other organisms include 
fungi, Pseudomonas aeruginosa and Gram-negative bacilli. Injection of contaminated 
material predisposes drug addicts to less commonly encountered organisms such as 
Corynebacterium species, Lactobacillus, Neisseria species and Bacillus cereus. In 3–5% 
of cases Polymicrobial infection is present [3]. 

The tricuspid valve is the most commonly involved valve in RSIE due to 
IVDA. Injection of recreational drugs results in entry of particulate matter such as 
talc into the circulatory system resulting in structural damage to the endothelium 
of the valve [12, 13]. Similarly, the left-sided valves get damaged by particulate 
matter that is less than 10 mm in size and is able to cross the pulmonary circulation 
[14]. The use of cocaine is associated with greater frequency of IE in IVDA. The 
possible mechanisms postulated include the ability of cocaine to cause vasospasm 
and tissue damage to the myocardium. It is also procoagulant and thus can cause 
thrombus formation and thus producing a nidus for bacterial seeding the damaged 
valve tissue [8]. Further, it has been postulated that intravenous drugs can result in 
pulmonary hypertension leading to increased turbulent blood flow across the valve 
resulting in endothelial damage to the right-sided heart valves. 

The pathogenesis of formation of vegetation is complex. It involves interaction 
between the host, the organism, the endothelium, hemostatic pathways, the ability 
of the hosts immune system to eliminate the organism and the virulence of the 
specific microorganism [3]. 
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The microorganism once in the blood stream tend to attach themselves to the 
valve surface and proliferate at sites of endothelial damage resulting in further 
damage to the valve tissue. The microorganisms initially attach to the platelet-
fibrin nidus and then proliferate [15]. Microbial growth results in activation of the 
extrinsic coagulation pathway, monocytes release a myriad of pro-inflammatory 
cytokines and there is increased expression of fibronectin on the surface of the 
endothelial cells with resultant formation of a vegetation. 

The vegetation grows further, with subsequent embolization and continued 
bacteraemia, if the host is unable to contain the infection [16]. 

4. Clinical features 

Right-sided infective endocarditis usually presents with fever, persistent bacter-
aemia and septic emboli to the lungs. Initial presentation may comprise haemopty-
sis, cough or chest pain. Peripheral embolization must alert one to the presence of 
concomitant left-sided endocarditis or a shunt. Right heart failure is a result of both 
pressure and volume overload from pulmonary hypertension or organic tricuspid 
regurgitation or rarely obstruction of the tricuspid orifice by a vegetation [17, 18]. 

Pulmonary septic emboli may be complicated by pulmonary infarction, abscess, 
pneumothorax, and purulent pulmonary effusion [17] (Figures 1 and 2). 

It is important to note that patients with RSIE do not always have an audible 
murmur of tricuspid regurgitation [13]. Other features unique to this group of 
patients with IE are the presence of co-infections with HIV, hepatitis C and hepatitis 
B infections, which complicate their clinical management and adversely affect their 
outcomes. A high degree of suspicion of IE must be maintained in IVDA as their 
clinical assessment can be quite challenging, especially in those who do not manifest 
the classic clinical features. 

Additionally, the sensitivity and specificity of the modified Duke’s criteria in 
right-sided endocarditis has not been studied. Inclusion of septic pulmonary infarcts 
as a minor criteria in the modified Duke’s criteria may therefore be inappropriate [19]. 

Figure 1. 
An anterior-posterior chest X-ray showing increased cardiothoracic index with areas of alveolar opacification 
involving both lung fields likely representing septic embolization and abscess formation in the lungs. 
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Figure 2. 
Multiple areas of consolidation suggestive of infarction and dilated right heart chambers on a CT scan of the 
chest of a patient with history of right-sided infective endocarditis due to intravenous drug abuse. 

5. Diagnosis 

In addition to the above mentioned clinical features and positive blood cultures, 
transthoracic echocardiography (TTE) greatly aids in establishing a diagnosis of IE, 

Figure 3. 
Modified apical four-chamber view showing multiple vegetations on the tricuspid valve (arrow) with a dilated 
right atrium and right ventricle. 

Figure 4. 
Colour Doppler ultrasound showing severe tricuspid regurgitation. 
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especially in cases with equivocal clinical presentation. TTE allows easy visualisa-
tion of vegetations on the anteriorly located tricuspid valve and associated tricuspid 
regurgitation (Figures 3 and 4) [20, 21]. 

A transesophageal echocardiography may be required in detection of vegetations 
on the pulmonary valve and for exclusion of left-sided valve involvement [22]. The 
Eustachian valve must be screened for presence of vegetations. 

6. Management 

The initial antimicrobial therapy should take into account four factors: (1) 
suspected organism (2) type of drug (3) the solvent used by the addict and (4) the 
location of Infection [17]. 

Empirical therapy in acute severely ill patients must consist of ampicillin and 
cloxacillin with gentamycin or vancomycin with gentamycin (in patients allergic to 
penicillin) [17]. Staphylococcus aureus must always be covered. Anti-pseudomonas 
agent must be added in a pentazocine drug addict. If an IVDA gives a history of 
brown heroin use mixed with lemon juice then an anti-fungal agent must be added 
due to a high risk of candida septicaemia. Anti-microbial therapy can be de-esca-
lated once the specific causative organism is isolated on blood cultures. 

Due to reluctance of IVDA for prolonged hospital admission and the concerns 
related to their discharge on intravenous antibiotic therapy, a few studies have studied 
the possibility of treating IE in these patients with short course antibiotic therapy [23]. 

A 2 week treatment regimen has been advocated in non-complicated isolated 
tricuspid valve endocarditis. These patients must have low risk features such as 
good response to therapy, methicillin sensitive Staphylococcus aureus, small vegeta-
tion size (less than 20 mm), no features of peripheral embolization, absence of 
metastatic infection, lack of involvement of left-sided valves or prosthetic valve and 
absence of a severely immunosuppressed state. In such cases, a short 2 week course 
of intravenous cloxacillin or oxacillin alone may be used [24]. These patients must 
be closely followed up and the response to therapy must be assessed. 

In complicated cases a 4–6 week course of intravenous therapy must be utilised. 
These include situations where there is poor response to antibiotic therapy, large 
vegetation size (>20 mm), septic emboli, use of penicillinase non-resistant antibiot-
ics, and a severely immunosuppressed state such as HIV with a CD4 count less than 
200cell/ml and associated involvement of left-sided valves [25–27]. 

Due to a high rate of recurrent IE in IVDA, surgery should only be considered in 
the following situations: (1) intractable right-sided heart failure with poor response 
to diuretics; (2) persistent bacteraemia despite use of appropriate antimicrobial 
therapy; and (3) large vegetation size of greater than 20 mm that do not diminish in 
size after repeated episodes of pulmonary emboli [25, 28, 29]. 

In general the outcomes of patients with IVDA related IE have been poor post 
surgery. A substantially high long term mortality has been reported for IE related 
surgery in IVDA compared to non-drug users [30–32]. 

In HIV-infected IVDAs with IE cardiac surgery does not worsen the outcome 
of either the IE or the HIV [17]. Patients with advanced HIV infection with severe 
immunosuppression. However, valve replacement surgery may have unacceptably 
high risks in selected patients with advanced HIV infection, low CD4 counts, and 
either a history of failed antiretroviral therapy or ongoing drug abuse that precludes 
therapy with antiretroviral agents [33]. 

The most commonly performed surgery for tricuspid valve endocarditis includes 
valvectomy, valve replacement or repair [34]. Valve repair is advocated by some 
studies but repair has not proven to be superior to either valve replacement or 
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valvectomy. In a few cases of RSIE valvectomy may be performed initially followed 
by subsequent bioprosthetic valve replacement once the infection has subsided 
and drug use discontinued. Pulmonary valve rarely requires replacement except in 
extreme cases of valve destruction. In cases where pulmonary valve replacement is 
deemed suitable, a homograft is preferred. 

7. Prognosis 

Overall, IVDA with RSIE have a lower mortality than those with left-sided 
infective endocarditis [14, 24, 35–39]. In one study the mortality was noted to be 
6% [40]. Factors associated with high mortality included a large vegetation size 
(>20 mm) and a fungal aetiology [41, 42]. 

In general patients with HIV do not have a poor outcome, except those with 
CD4 count <200 cells/ml. The major reason for repeat hospitalisation and recurrent 
endocarditis in IVDA is related to persistent use of drugs [30, 43, 44]. 

Finally, management of RSIE related to IVDA poses some ethical dilemmas. From 
the limited available literature, surgery should be offered for patients with surgical 
indications, with a first episode of IE in IVDAs, who are willing to undergo rehabili-
tation. If the patient presents with a second episode of IE due to recurrent IVDA, 
the decision to re-operate the patient, if indicated, is complex. It should be indi-
vidualised and discussed by the endocarditis team. It is reasonable to decline further 
surgical intervention in this group, especially in resource-limited settings [45]. 
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Chapter 3

Right-Sided Infective Endocarditis
Adrian Fernando Narvaez Muñoz
and Daniela Albina Ibarra Vargas

Abstract

Infective endocarditis (IE) at the right side represents the 5–10% of IE cases. It is
more frequent in people with intravenous drug addiction (IVDA); however, there is
another population susceptible to this infection; hemodialytic patients, intracardiac
devices, and congenital heart diseases are included inside this group. Right-sided
infective endocarditis (RSIE) has lower mortality than the left-sided infective
endocarditis (LSIE). Common symptoms secondary to right-sided endocarditis are
the respiratory symptoms characterized by a cough, hemoptysis, persistent fever,
dyspnea, and chest pain. Echocardiography and blood cultures are the first tools to
perform the diagnosis. The tricuspid valve is the main anatomical structure
affected. Medical treatment with antibiotic therapy resolves the infection majority
of the time; the surgical treatment is indicated in some cases, such as right-heart
failure due to severe tricuspid valve regurgitation; inability to eliminate bacteremia
or organism; resistance to culture-directed antibiotic treatment, within 7 days; and
tricuspid valve vegetations >20 mm. RSIE implies a better prognosis than LSIE.
Concomitant left-sided IE carries a worse prognosis than right-sided infection
alone, due predominantly to its greater likelihood for invasion and abscess
formation.

Keywords: infective endocarditis, right-sided infective endocarditis,
tricuspid valve, intravenous drug addiction, echocardiography, antibiotic, surgery,
hemodialysis, intensive care unit, pulmonary valve

1. Introduction

Infective endocarditis (IE) at the right side of the heart is quite rare; it represents
the 5–10% of IE cases. It is seen most frequently in people with intravenous drug
addiction; nevertheless, other portions of the population are in high risk of devel-
oping this disease such as patients with indwelling catheters, cardiac devices,
congenital cardiac pathologies, and immunocompromised diseases [1–3].

The evolution of right-heart IE is much better than the left-side IE with a lower
rate of mortality (3–30%) [3]. This pathology is more frequent in people between
20 and 61 years, with a mean age of 38 ˜ 15 years [4].

Staphylococcus aureus is the predominant organism (60–90% of cases) with the
methicillin-resistant strains becoming more prevalent lately [3, 5]. The tricuspid
valve is by far the most effective structure (90%) in right-side infective endocardi-
tis (RSIE) [5].
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2. Diagnosis 

2.1 Clinic manifestations 

Common symptoms secondary to right-sided endocarditis are the respiratory 
symptoms characterized by a cough, hemoptysis, persistent fever, dyspnea, and 
chest pain [4]. 

In exceptional circumstances, right-heart failure can arise, generated by the 
increase in pulmonary pressure, severe tricuspid valve regurgitation, or obstruction 
of pulmonary circulation through multiple pulmonary emboli [4, 6]. 

The diagnosis of RSIE is often delayed because the signs and symptoms are 
relatively different concerning the LSIE clinical setting; the Duke’s modified criteria 
do not have value in the RSIE. The low incidence of RSIE also plays an essential 
factor in the underdiagnosis of this disease. 

There are reports in which the 76% of the patients had gotten an antibacterial 
treatment before the endocarditis’s diagnosis because they developed some signs 
and symptoms that were misunderstood as a febrile syndrome or pneumonia [4]. 

An acute beginning of the disease is seen at the majority of the patients; only a 
few cases have been reported with chronic symptoms (more of 2 months) [4]. 

It is frequent that right-side vegetations dislodge microemboli to the pulmonary 
region. The pulmonary embolism (PE) can induce pulmonary infarction, abscesses, 
pneumothoraxes, and purulent pulmonary effusions. 

Persistent fever associated with pulmonary events, anemia, and microscopic 
hematuria, the so-called “tricuspid syndrome,” is the sign of clinical alert for tri-
cuspid valve IE [3, 4, 7]. 

Revilla et al. found 24% of their patients with this syndrome, and the other 65% 
had at least two of the three signs [4]. 

2.2 Complementary exams 

2.2.1 Laboratory 

Nowadays it is routinary to order blood tests for any patient admitted at the 
hospital, and it is reasonably used if the suspicion of infection is thought. Some 
findings such as high titers of white blood cells, procalcitonin, and C-reactive 
protein can support the infection diagnosis; nevertheless, these variables are not 
used as criteria to diagnose infective endocarditis [5, 8]. 

The anemia has been described as part of the tricuspid syndrome, so the values of 
hemoglobin and hematocrit below the normal range can be found in the blood test, 
which probably will reveal a normocytic, normochromic anemia patron [3, 4, 7]. 

The urine test can show microhematuria which also is part of the tricuspid 
syndrome. 

2.2.2 Cultures 

Right-sided endocarditis in IVDA is commonly caused by S. aureus and Pseudo-
monas aeruginosa, and other Gram-negative organisms, fungi, streptococci, and 
enterococci have also been found [4, 6]. 

In the majority of patients, the microorganism can be identified through blood 
cultures if they are adequately collected. The 2015 ESC endocarditis guidelines 
recommend a technique of recollection minutely sterile of at least three sets of 
samples with an interval of 30 minutes; each sample must contain 10 ml of blood 
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and should be incubated in both aerobic and anaerobic atmospheres. Another cru-
cial aspect is the recollection of samples from a peripheral vein instead of central 
venous catheter due to the risk of contamination and wrong interpretation [5]. 

Occasionally, the blood cultures can be negative by different reasons, especially 
if an antimicrobial therapy was established before the acquisition of the samples. 
The blood cultures usually become negatives after 48 hours from the beginning of 
antibiotics [4]. 

2.2.3 Image 

Currently, the diagnosis of IE requires the finding of an infective process inside 
the heart, reason why the imaging techniques are valuable to diagnose or discard IE. 
The echocardiography is the most important and more used tool to diagnose, man-
age, and monitor patients with IE [5]. 

However, other imaging methods have been developed in the last decades, 
allowing us to back the diagnosis of IE when the echography is not entirely clear in 
some cases (Table 1). 

2.2.3.1 Radiography 

It can be quite normal or shows a variety of findings, such as cardiomegaly, 
pulmonary septic emboli, or pleural effusion [4]. 

2.2.3.2 Echocardiography 

The benefits that the echocardiography brought to the cardiology area are well-
known, and they can help us to detect anomalies related to IE. It is the gold standard 
imaging test for IE, becoming one of the first steps that we must do if IE is 
suspected [3, 9]. 

The same as the LSIE, the transthoracic echocardiography (TTE) is the first 
modality recommended to perform if RSIE is suspected. The sensitivity of TTE to 
detect vegetations is roughly 75% and its specificity over 90%. When the hunch of 
IE is high, but the TTE is negative, the transesophageal echocardiography (TOE) 
must be used because its sensitivity is higher than TTE, approximately 96%. Some 
experts indeed recommend TOE even if the TTE is positive for IE; nevertheless, 
it does not apply for RSIE in which an explicit finding of IE is enough for the 
diagnosis [5, 9]. 

Table 1. 
Imaging technique findings in the right-sided infective endocarditis. 
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The 2015 ESC guidelines also suggest the use of TOE when the suspicion of IE is 
present in patients with a prosthetic heart valve and intracardiac device [5]. 

There are some “typical lesions” of IE that we can detect in the echocardiogra-
phy, such as vegetations, abscess, pseudoaneurysm, valve aneurysm, perforation, 
fistula, and dehiscence of the prosthetic valve, being the vegetation of the landmark 
lesion of this disease (Figure 1) [5, 9]. 

Occasionally, parts of the vegetations can be visualized floating in the right 
ventricle or entrapped in the subvalvular apparatus. TTE usually allows assessment of 
tricuspid valve involvement because of the valve’s anterior location and large natural 
vegetations. TOE imaging is more sensitive to detect vegetations than TTE imaging, 
especially in the case of abscesses, and associated left-sided involvement [6]. 

2.2.3.3 Computed tomography (CT) 

Cardiac computed tomography (CCT) can improve the diagnosis of IE when 
abscesses and pseudoaneurysm are present, due to its higher sensitivity (approxi-
mately 81%) in comparison with TTE and TOE (roughly 63%). The combination of 
echocardiography and CCT to diagnose abscess/pseudoaneurysm reaches 100% 
sensitivity. In pulmonary/right-sided endocarditis, CT may reveal concomitant 
pulmonary disease, including abscesses and infarcts [5, 10]. 

2.2.3.4 Magnetic resonance (MR) 

The use of MR in the IE setting is focused on the diagnosis of cerebrovascular 
events related to IE. This imaging modality has better sensitivity than CT to detect 
brain hemorrhage and infectious intracranial aneurysms (IIAs) [5, 11]. 

2.2.3.5 Nuclear imaging 

The incorporation of positron-emission tomography (PET) in the modified 
Duke’s criteria is addressed to enhance the IE diagnosis in some situations where the 

Figure 1. 
Transesophageal echocardiogram: a hyperechoic lesion (red arrow) is seen at level of pulmonary valve, 
prolapsing to right ventricle outflow tract. 
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clinical suspicion is not always confirmed with the echocardiography. This imaging 
technique is especially valuable in the diagnosis of prosthetic valve infective endo-
carditis (PVIE) [5, 12]. 

There are also reports where the PET helped to determine the extension of 
pacemaker or defibrillator infection, consequently improving the adequate surgical 
intervention [13]. 

Peripheral embolic and metastatic infectious events can also be detected with 
this technique; nevertheless, their specificity is lower in brain septic emboli [5]. 

A correct interpretation of PET must be taken in some conditions which can make 
us misinterpret the findings, for instance, a recent cardiac surgery usually shows 
enhancement at the mediastinal area due to the inflammatory response. Some condi-
tions can show similar patterns to that of IE, such as an active thrombus, soft 
atherosclerotic plaques, vasculitis, primary cardiac tumors, cardiac metastasis from a 
non-cardiac tumor, postsurgical inflammation, and foreign body reactions [5]. 

3. Treatment 

3.1 Medical treatment 

The same fundamental aspects about the antibiotic therapy in IE is applied to the 
right-sided endocarditis, making emphasis in the early and proper setting of the 
cultures, the prompt and adequate starting of empirical antimicrobial therapy (if 
the suspicious of IE is higher), and the administration of a culture-antibiogram 
sensible antibiotic. 

One aspect that changed in the antimicrobial treatment of RSIE in comparison 
with LSIE is the duration of the therapy when the implicated bacteria is the 
methicillin-sensible Staphylococcus aureus, due to the 2015 European Society of 
Cardiology guidelines for the management of infective endocarditis recommending 
a short treatment of 2 weeks in this scenario. This approach is attributed to the less 
aggressive evolution of RSIE with these bacteria [5]. 

The prophylactic treatment in the patient with high suspicion of RSIE should 
cover Staphylococcus aureus, streptococci, and enterococci and should include 
penicillinase-resistant penicillins or vancomycin, depending on the local prevalence 
of methicillin-resistant Staphylococcus aureus (MRSA) [6]. 

3.2 Surgery treatment 

In RSIE, the medical treatment usually resolves the disease; nevertheless, the 
surgery for right-sided infective endocarditis is recommended in the following 
situations: (1) right-heart failure due to severe tricuspid valve regurgitation, 
(2) inability to eliminate bacteremia or organisms resistant to culture-directed anti-
biotic treatment, within 7 days, and (3) tricuspid valve vegetations >20 mm [1–3, 5]. 

During the surgery, most of the infected tissue must be removed; if it is possible, 
we should try to repair the native valve but guarantee the adequate functioning of 
the valve. When a valve-sparing is impossible, the implantation of a prosthetic 
valve is necessary, always trying to use the less foreign material to diminish the risk 
of IE recurrence [14]. 

Sometimes the endocardial destruction is highly extensive that compromises the 
valve repairing as well as the valve prosthesis replacement; this scenario is hideous 
and requires the reconstruction of the annular structure using endocardium patch 
or other materials. 
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Another potential complication of IE can be the formation of ventricular septal 
defect due to the infection’s aggressiveness which can show communication 
between the right ventricle and left ventricle through the membranous septum. 
This anatomical defect also can be figured out with a pericardium patch [15]. 

Some surgeons can feel uncomfortable with the idea of setting up a prosthetic 
valve in tricuspid position due to being afraid of high gradients through the valve 
and the potential thrombosis of the prosthesis. However, large prostheses 
(>30 mm) guarantee low transvalvular gradients, and the incidence of thrombosis 
is small if the patient has an adequate anticoagulation control (biological and 
mechanic prostheses are anticoagulated). Moreover, bioprosthesis degeneration 
develops more slowly owing to the low-pressure conditions in the right ventricle [6]. 

In 1991, Arbulu et al. published a paper showing their experience in tricuspid 
valvulectomy without replacement, generally indicated for IVDA, to avoid the 
potential IE recurrence; nevertheless, about 25% of patients cannot tolerate tricus-
pid regurgitation and require a second operation for tricuspid valve replacement 
[14, 16]. 

4. Prognosis 

RSIE implies a better prognosis than LSIE; the previous study revealed the 
mortality of right-sided IE is 12% in-hospital patients and 0–7.3% for surgical 
patients. However, these percentages increase at least twice in patients with inten-
sive care unit (ICU) admission; actually, this issue will be described forward [3, 9]. 

Concomitant left-sided IE carries a worse prognosis than right-sided infection 
alone, due predominantly to its greater likelihood for invasion and abscess 
formation [7]. 

5. Prevention 

The high increase of bacterial resistance throughout the last decades has 
produced a change in the IE guidelines from 2002. The same criteria for LSIE are 
applied to RSIE regarding the antimicrobial prophylaxis, being reserved only in 
patients with a high risk of endocarditis, particularly those with PVIE [5]. 

Nevertheless, there are some aspects that the last IE guidelines do not approach 
which are very relevant that need to be highlighted. One of the most critical issues is 
the quite strict aseptic measurements that healthcare professionals must take during 
routine procedures, especially invasive maneuvers in high-risk patients such as 
immunocompromised, hemodialytic (HD), cyanotic congenital heart disease 
(CHD) patients, etc. 

The change in some hospital policies can diminish the incidence of bacteremia 
and IE, such as have been shown in some publications [17]. 

6. RSIE in intensive care units (ICU) 

There are few publications about the characteristics of RSIE in ICU. It is note-
worthy that patients with IE admitted in ICU have a higher rate of morbidity and 
mortality than non-ICU patients. The only study describing the outcome of IDUs 
with RSIE needing ICU admission reported a mortality of 26% [2]. 

Some factors have been associated with a worse prognosis: acute respiratory 
failure requiring mechanical ventilation, shock, Simplified Acute Physiology Score 
(SAPS II) ≥ 20, and Sequential Organ Failure Assessment (SOFA) ≥ 3 [2, 5]. 
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Other elements that play an essential role at the 30-day survival are age 
<45 years, Charlson score < 3, endocarditis diagnosed before ICU admission, 
aminoglycoside use, the presence of septic pulmonary embolism, and a single 
surgical indication for patients needing a surgical procedure [2]. 

Reasons for admission to the ICU were a congestive cardiac failure (64%), septic 
shock (21%), neurological deterioration (15%), and cardiopulmonary resuscitation 
(9%). Younger patients have a better prognosis because they usually present a 
minimal dysfunction of the right-sided valve, low risk of pulmonary embolism, and 
reasonable response to appropriate antibiotic therapy [2]. 

Opposite to the last IE guidelines, which no longer recommend the 
aminoglycosides in the treatment of native valve staphylococcal endocarditis, 
Georges et al. found a better survival in their patients treated with a combination of 
penicillins or vancomycin with gentamicin [2]. 

7. Risk factors 

It is imperative to describe this pathology in the people with susceptible risk 
factors (Table 2). 

7.1 RSIE in people with intravenous drug addiction (IVDA) 

The majority of cases of RSIE reports in the literature are in drug abusers. This 
kind of populations of RSIE represents the 32–86% of all IE [2, 3]. 

There are multiple explanations about the preference of infection in the right 
side of the heart at this group of the population, being the leading causes of the poor 
hygiene with unsafe injection practices and the affected immunology well-being. 
The higher bacterial load and the variety of effects of injected substances over the 
endocardium also play an essential role in the physiopathology of the infection [7]. 

AVF: arteriovenous fistula, HD: hemodialytic, HIV: human immunodeficiency virus, IE: infective endocarditis, RSIE: 
right-sided infected endocarditis, VSD: ventricular septal defect. 

Table 2. 
Characteristics of principal risk factors in the right-sided infective endocarditis. 
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The incidence of reinfections and reoperations is about 28 and 20%, respec-
tively; however, the survival described in some papers is almost equal between drug 
abusers and not drug abusers, in which results are very striking [7]. 

Sometimes IVDA also presents human immunodeficiency virus (HIV) which 
can aggravate the predisposition to IE if this disease is not well-controlled. The 
death rates in this subgroup of patients are about 5–10% [1]. The HIV affects both 
humoral and cellular immunities which provoked a predisposition for recurrent 
episodes of bacteremia that cause valve damage, fibrin deposition, thrombus for-
mation, and adherence by bacteria in the endocardium; it is common to find abscess 
developments and large vegetations, which are indications for early surgical 
treatment [18]. 

The choice of empiric antimicrobial therapy depends on the suspected microor-
ganism and type of drug and solvent used by the addict and the location of 
infection. 

As previously was described, the empirical antimicrobial therapy must cover 
S. aureus; the combination of penicillinase-resistant penicillins or vancomycin or 
daptomycin with gentamicin is recommended [5]. 

The 2015 ESC IE guidelines recommend an antipseudomonal therapy in patients 
with pentazocine addiction if IE is suspected; nevertheless, there are few and 
relatively old studies about this issue [5, 19, 20]. 

If an IVDA uses brown heroin dissolved in lemon juice, Candida spp. (not 
Candida albicans) should be considered and antifungal treatment added [5]. 

7.2 RSIE in people with no IVDA 

Although the majority of IE at the right side of the heart is fairly reported in 
IVDA, there is an increasing incidence in another type of patients, mainly 
highlighting the people with indwelling catheters and cardiac devices. The 5–10% of 
RSIE occur in nonaddicted patients [3]. 

7.2.1 Indwelling catheters 

It is estimated that more than 3 million people worldwide require dialysis for 
end-stage renal disease, and this number is expected to rise sharply because of the 
aging of the population and an increasing prevalence of diabetes and cardiovascular 
comorbidities paralleled by a decline in cardiovascular mortality, particularly in 
very elderly patients (>80 years). For instance, in the United States, this augmen-
tation is about 3.2% per year [21, 22]. 

Hemodialysis patients are at increased risk for bacteremia, including an esti-
mated 37,000 central line-associated bloodstream infections related to outpatient 
hemodialysis in the United States in 2008. The elevated incidence of bacteremia 
increases the risk for infective endocarditis [22, 23]. 

The average duration on HD before the diagnosis of IE was 30 months (range, 
4–66 months). IE is one of the most important causes of increased mortality and 
morbidity among hemodialysis patients [24]. 

The European Heart Journal states that more than two-thirds of patients under-
going hemodialysis suffer from some infection and that one-third of these patients 
experience IE [24]. 

IE occurs 18 times more frequently in chronic HD patients than in the general 
population [25, 26]. 

The use of temporal or permanent central catheters, the constant puncture of 
arteriovenous fistulas, the long and frequent hospitalizations that some of these 
patients have to suffer during their disease, the various surgical procedures related 
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with the creation of fistulas, and the underlying alteration of their defenses become 
susceptible to this population to develop IE. 

The IE in HD patients is calculated about at 8% of all observed IE cases regarding 
the largest international cohort collected to date [27]. 

The incidence of IE usually increases with the time after the initiation of hemo-
dialysis; however, some studies found a rise of this incidence in the first 5 months 
after the initiation of hemodialysis [26, 28]. This contradictory results can be prob-
ably due to the aseptic technique during the manipulation of the catheter and 
arteriovenous fistulas of these patients. 

Patients in HD also present an increase in the incidence of endocarditis after 
aortic valve replacement surgery, affecting at the same time the short-term and 
long-term survival [22]. 

Most of the studies show that central catheters are a risk factor for bacteremia 
and endocarditis [6, 7, 10]; nevertheless, Farrington et al. did not find an increase of 
endocarditis in patients with central catheters in comparison with patients with 
arteriovenous fistulas [22]. 

Besides, the rates of IE are more significant in patients with non-cuffed catheters 
than cuffed catheters; the vascular grafts have more incidence of IE than AV 
fistulas. Furthermore, peritoneal dialysis has then lesser rates of IE due to the lack of 
contact of the line with luminal vessels [29]. 

The morbidity and mortality are higher than the general population; in the 20% 
of hemodialysis-related IE, the tricuspid valve is the principal place affected at the 
right side of the heart. 

The pathogenesis of IE in HD patient can be attributed to recurrent episodes of 
bacteremia, the immunological compromise of hemodialytic patients and heart 
valvular deterioration-calcification frequently founded in this patients. 

It can sound logical that the majority of cases of IE in HD patients should happen 
on the right cavities, similar to what occurs in IVDA; however, the left-side heart 
(90%) is the more frequent infected place in HD patients, the mitral being the main 
valve affected. The affectation of the right cavities is roughly 10%. Nevertheless, 
some papers report an incidence of RSIE in HD patients of between 0 and 50% 
[30, 31]. 

Between the multiple explanations of pathogenesis RSIE in HD patients, the high 
turbulent flow throughout the valves can provoke a deterioration at these structures, 
becoming more susceptible to bacterial implantation. Nonetheless, the low pressures 
at the right cavities might not present the same effect in their valves. One possible 
cause can be the associated pulmonary hypertension that some patients express, due 
to multiple factors, such as an increased cardiac output (hypervolemic condition and 
arteriovenous fistula), an increased pulmonary vascular resistance (uremic endothe-
lial dysfunction and pulmonary artery calcifications), and elevated pulmonary capil-
lary wedge pressure caused by heart failure or mitral valve disease [17]. 

7.2.1.1 Prevention 

Patients in HD have an increased risk of developing IE due to all the reasons 
described before, so to take some measurements sounds logical to diminish the 
incidence of bacteremia which can result in an IE. 

In some hospitals, their politics have been changed regarding the hemodialysis 
procedure with the intention to ameliorate the arteriovenous life expectancy and 
decrease the local and systemic infections. For instance, Oun HA et al. have published 
a lowering in the bacteremia and IE at his hospital adopting new strategies, such as 
changing the lock solution to taurolidine, cleaning the puncture site with chlorhexi-
dine 2%, and using the buttonhole technique instead of the rope ladder technique. 
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Nonetheless, it is important to mention that the buttonhole technique had a modest 
but not significative rising of bacteremia following the move to buttonhole [26]. 

The arteriovenous fistula (AVF) must always be the best option to perform HD 
due to their low rates of bacteremia and IE, so, it is imperative to develop an 
adequate surgical technique and improve the care of the fistula. Whenever it is 
possible, the fistula must be carried out at the distal part of the arms, trying to 
preserve the proximal areas to future AVF if the distal fistula fails at some point. If 
the HD needs a temporary or permanent catheter, the cuffed ones always are 
preferable to non-cuffed catheters, because the former cause fewer rates of IE [29]. 

The patient and healthcare personnel must be informed and trained regarding the 
proper care of the AVF and catheters to lower the probability of bacteremia and IE. 
The cleaning of the surgical area is paramount as well as the correct AVF puncture. 

7.2.2 Intracardiac devices (ICD) 

Nowadays ICD are widely used worldwide; their implementation in the cardiol-
ogy area has improved the quality of life of many people and increased the survival; 
nonetheless, they have side defects, the endocarditis being one of the most severe 
complications. 

The IE on a cardiac device is increased in the last 10 years in the first-world 
countries, even becoming the most common cause of IE in some regions. This 
phenomenon is caused mainly by the rise in the longevity in these countries which 
results in a growing number of intracardiac devices implanted (pacemakers, cardiac 
defibrillator, cardiac resynchronizer, or ventricle assist device) [32]. 

This IE is associated with a worse prognosis and high mortality (11–36%) 
[32–34]. The pacemaker generator or lead change is the higher factor of risk for IE 
on the cardiac device. The tricuspid valve is the most common site of RSIE associ-
ated with this kind of devices [7, 35]. 

The removal of the infected device is mandatory in the treatment of intracardiac 
device infective endocarditis (ICDIE) because it decreases the hospital mortality 
[32]. Patients with device-related infection and intracardiac vegetations higher or 
equal at 1 cm have historically undergone surgery for device removal due to the 
potential risk for septic embolization [34]. 

7.2.3 Congenital heart disease (CHD) 

The risk of IE in patients with adult congenital heart disease (ACHD) is sub-
stantially higher (15–140 times) than in the general population. The RSIE in CHD is 
more often in adults than pediatric patients [5, 36]. 

The ventricular septal defect (VSD) is the most frequent anomaly in right-sided 
IE with an incidence of 0.2–2% of all IE [37]. 

The risk of IE can occur either in repaired or not repaired VSD, with a higher 
increase in the last one [38]. 

A recent paper from Tutarel et al. found an incidence of 15.9% of IE in patients 
with VSD; the 50% of these cases were associated with infections of either the 
tricuspid valve or the right ventricular outflow tract [36]. 

The 2015 ESC IE guidelines describe that the distribution of causative organisms 
does not differ from the pattern found in acquired heart disease, with streptococci 
and staphylococci being the most common strains. Another study found the strep-
tococci responsible for 50% of congenital heart disease infective endocarditis 
(CHDIE) and the staphylococci with a 31% incidence [5, 36]. 

The pulmonary valve is affected in almost 32% of patients from which over an 
84% are prosthetic and near 16% native valve [36]. 
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8. Locations 

Unlike the left-sided IE mainly occurring on the aorta or mitral valve, right-
sided IE could involve the tricuspid valve (82%), pulmonary valve, eustachian 
valve, interventricular septum, right ventricular free wall, or CS [4, 9]. 

8.1 Tricuspid valve (TV) 

The vast majority of RSIE cases involve the TV (approximately 90%). The high 
risk of vegetations on the TV is septic PE resulting in various pulmonary complica-
tions such as pneumonia and pulmonary abscess. 

Uncomplicated tricuspid valve endocarditis can be successfully treated medi-
cally in 80% of patients and in the remaining 20% with very large vegetations and 
expectably poor antibiotic penetration [6]. 

The infection of the native tricuspid valve in nonaddicted adults occurs in 
younger patients (under 50 years). In the majority of cases (70%), there are under-
lying medical conditions such as alcoholism, abortion, colon disease, immunodefi-
ciency, permanent catheters, septic processes in the oral cavity, skin, or genitals, 
etc. The 25% of cases require valve replacement or surgery [3] (Figure 2). 

8.2 Pulmonary valve (PV) 

RSIE in PV happens in less than 10% of the patients [7]. Most of the cases of 
pulmonary valve infective endocarditis (PVIE) are provoked by prosthetic material 
present at this place due to previous surgeries or interventional procedures focused 
on figuring a congenital disease out. 

Bovine jugular grafts are associated with a significantly higher risk of late endo-
carditis compared with homografts [39]. 

However, Robichaud et al. did not find an increased risk of PVIE regarding the 
type of valve, including bovine jugular vein grafts [40]. 

The rate of IE in transcatheter pulmonary valve implantation is higher than 
surgical homograft implantation [41]. 

Figure 2. 
Pulmonary native endocarditis: a giant mass anchored to the posterior leaflet of pulmonary valve [42]. 
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8.3 Other sites 

Uniquely few case reports have been published about RSIE in other locations 
different to tricuspid and pulmonary valves. 

8.3.1 Eustachian valve 

Reports of eustachian valve infective endocarditis (EVIE) are approximately 29 
cases [43]. An incidence of 3.3% in patients with right-sided endocarditis has been 
reported [44]. 

Eustachian valve is a rudimentary structure in adults and, during fetal life, 
directs oxygenated blood from the inferior vena cava through the foramen ovale 
and into the left atrium [43, 45]. 

IVDA is the main high-risk population to develop an EVIE (over 50% of cases). 
Staphylococcus aureus is the most common bacteria implicated in this process [43]. 
TOE is necessary to identify the vegetation at eustachian valve because this struc-
ture is not accessible with TTE [45]. 

8.3.2 Coronary sinus 

There are only eight reported cases of IE in the coronary sinus (CS). The clinical 
manifestations, the complementary test, the responsible bacteria, and antibiotic 
treatment are very similar to the other RSIE locations. The CSIE has some features; 
the CS is always dilated and generally the only affected valve; the vegetation is 
usually mobile and has a tubule shape with a length of >10 mm [9, 46]. 

9. Conclusions 

RSIE is a pathology scarcely studied because there are few articles released about 
it. One of the significant reasons about the RSIE little information is the low inci-
dence of this disease; nevertheless, the rates of frequency of this infection are rising 
nowadays due to the steady increase of HD patients and implanted ICD. 

• RSIE clinic criteria are necessary to establish to help in the diagnosis of the 
disease, such as modified Duke criteria. 

• Healthcare personnel must be aware of this illness, keeping their suspicion in 
high-risk patients and performing the proper complementary test to confirm 
or discard this infection. 

• Hospital policies should be continuously updated to diminish the incidence of 
RSIE, an adequate epidemiologic analysis about RSIE cases, the population in 
potential risk to acquire the infection, and the most frequent bugs implicated in 
this one. 

Conflict of interest 

None. 

28 



Right-Sided Infective Endocarditis 
DOI: http://dx.doi.org/10.5772/intechopen.85019 

Nomenclature 

ACHD adult congenital heart disease 
AVF arteriovenous fistula 
CHD congenital heart disease 
CHDIE congenital heart disease infective endocarditis 
CS coronary sinus 
CT computed tomography 
EVIE eustachian valve infective endocarditis 
HD hemodialytic 
HIV human immunodeficiency virus 
ICD intracardiac devices 
ICU intensive care unit 
IE infective endocarditis 
IIAs infectious intracranial aneurysms 
IVDA intravenous drugs addiction 
LSIE left-side infective endocarditis 
MRSA methicillin-resistant Staphylococcus aureus 
MR magnetic resonance 
PET positron-emission tomography 
PE pulmonary embolism 
PVIE prosthetic valve infective endocarditis 
PV pulmonary valve 
RSIE right-side infective endocarditis 
SAPS Simplified Acute Physiology Score 
SOFA sequential organ failure assessment 
TTE transthoracic echocardiography 
TOE transesophageal echocardiography 
TV tricuspid valve 
VSD ventricle septal defect 
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Chapter 4

Infective Endocarditis in
Intravenous Drug Users: Surgical 
Treatment
Moldovan Horatiu, Adrian Molnar, Victor Costache 
and Ecaterina Bontas

Abstract

Intravenous drug use is associated with infective endocarditis. Besides, it does
appear that left-sided infective endocarditis is a feature of general population, 
whereas right-sided infective endocarditis is common in intravenous drug users. 
The most common etiology of right-sided infective endocarditis in intravenous
drug users is Staphylococcus aureus in about 75% followed by streptococci, Gram-
negative bacilli and fungi. In case of intravenous drug users with infective endocar-
ditis, optimal treatment strategies lack a general consensus. Additionally, the best
indication and timing of surgery are debatable. To overcome these problems, the
early and complete surgical debridement of infected tissue together with microbial 
therapy assures a good prognosis in the long term.

Keywords: endocarditis, drug-associated endocarditis, intravenous drug abuser
endocarditis, intravenous drug users, right heart endocarditis

1. Introduction

Infective endocarditis (IE) is a rare infectious disease with elevated morbidity
and mortality [1]. Intravenous drug use is associated with infective endocarditis
(IE) [2]. To the best of our knowledge, IE accounts for 2–5% per year among the
intravenous drug users (IDUs) [3–6]. Approximately 41% of IDUs with bacteremia
will develop IE [7]. Conversely, it is widely agreed that intravenous drug users
(IDUs) diagnosed with IE are mainly white young males [8–12].

Right-sided infective endocarditis has been mainly defined among IDUs [13–15]. 
Generally, right-sided IE comprises 5–10% of cases with IE [16–18]. It does appear
that left-sided IE is a feature of general population, whereas right-sided IE is
common in IDUs [19–21]. To further characterize, IDUs may present in 86% cases
right-sided IE, whereas 14% have left-sided IE with or without right-sided IE [21]. 
However, some older data outlines that the IDUs group may present equal incidence
of left-sided and right-sided IE [22].

Common predisposing factors for right-sided IE are the intravenous drug users
(IDUs), catheter-related infections, pacemaker or defibrillators wires, intracardiac
devices (catheters for hemodialysis; tricuspid prosthetic valve), right heart cath-
eterization, congenital heart defects, sepsis, and alcoholism [13–15, 23]. In case of
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Right-sided infective endocarditis has been mainly defined among IDUs [13–15]. 
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common in IDUs [19–21]. To further characterize, IDUs may present in 86% cases 
right-sided IE, whereas 14% have left-sided IE with or without right-sided IE [21]. 
However, some older data outlines that the IDUs group may present equal incidence 
of left-sided and right-sided IE [22]. 
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the right-sided IE, tricuspid valve is affected in 90% cases [21], whereas pulmonic 
valve represents about 10% from right-sided IE cases [3, 18, 24]. Up to now, isolated 
right-sided IE involving the pulmonary valve, the eustachian valve, interventricular 
septum, or right ventricular free wall have been described [17, 21, 25]. 

2. Microbiology 

According to current evidence, IE among IDUs presents a large spectrum of 
microbial pathogens (Table 1) [26–31]. 

Pathogens as Pseudomonas aeruginosa, other gram-negative microorganisms, 
fungi, enterococci, streptococci, and polymicrobial infections occur less fre-
quently [16]. Importantly, other pathogens noted in IDUs are oral bacteria such as 
Prevotella intermedia, Haemophilus parainfluenzae, S. constellatus, and E. corrodens 
[32–36]. 

The most common etiology of right-sided IE in IDUs is Staphylococcus aureus 
(S. aureus) in about 75% [1, 4, 6, 37–39] followed by streptococci, Gram-negative 
bacilli, and fungi [40]. In fact, published data supports the involvement of S. 
aureus among IDUs in 40–74% cases of IE [38, 41, 42]. S. aureus is the most com-
mon cause of tricuspid valve endocarditis regardless of associated risk factors in 
IDUs [1, 4, 16, 18, 43]. 

The incidence of negative blood cultures is reported as 2.5–31% and is associated 
with delayed diagnosis and treatment [44], with large vegetations [45], and with 
highest morbidity and mortality [16, 45, 46]. 

Regarding HIV, a prevalence of HIV as high as 60% among IDUs has been 
reported by centers from Europe and the USA [11, 40]. HIV is more common 
among IDUs with right-sided IE than left-sided IE [47]. 

Polymicrobial endocarditis is characteristically for IDUs [48] and may involve 
microorganisms such as Bartonella spp., Candida spp., or Tropheryma whipplei [49]. 
The presence of E. corrodens should aware the likelihood of polymicrobial IE with 
embolic complications and relapses. In fact, there is a synergism between strepto-
cocci and E. corrodens [50–52]. 

• Staphylococcus aureus and coagulase-negative staphylococci, 

• group A streptococci, 

• P. aeruginosa, 

• HACEK organisms (Haemophilus aphrophilus, Actinobacillus actinomycetemcomitans, Cardiobacterium 
hominis, Eikenella corrodens, and Kingella kingae), 

• Tetanus (Clostridium tetani), 

• Anthrax (Bacillus anthracis), 

• wound botulism (Clostridium botulinum), 

• tuberculosis, 

• diphtheria (Corynebacterium diphtheriae), 

• viruses (HIV, HBV with HDV, HCV, and HTLV), 

• fungal infections (Candida spp. and Aspergillus spp.), 

• parasitic infections (malaria and leishmaniasis) 

Table 1. 
Spectrum of microbial pathogens may constitute comorbidity in IDUs [26–31]. 
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3. Diagnosis 

History and classic Oslerian manifestations (persistent bacteremia or funge-
mia, active valvulitis, immunological vascular phenomena, and peripheral 
emboli) help with a straightforward diagnosis in IE [1]. Typical clinical mani-
festations of IE comprise fever, positive blood cultures, and valvular vegetations 
on echocardiography [53]. IE should be suspected in the presence of fever and 
embolic phenomena [16]. Persistent fever and bacteremia are common manifesta-
tions of tricuspid valve IE [16]. 

Clinical manifestations are usually limited in the early IE of IDUs, right-sided 
endocarditis and S. aureus [1]. Right-sided IE mainly present fever, cough, hemop-
tysis, dyspnea caused by pulmonary emboli, anemia, and no systemic emboli 
[23]. Characteristically, right-sided IE does not develop immunological vascular 
phenomena (splinter hemorrhages, Roth spots, and glomerulonephritis) and the 
peripheral emboli [1]. Right-sided IE can be associated with septic pulmonary 
emboli [1]. In fact, pulmonary embolism is often present in right-sided IE and 
pacemaker wires IE [16]. 

Usually, the association of clinical findings, positive blood cultures, and posi-
tive echocardiography set up the diagnosis [23]. However, these typical clinical 
manifestations of IE are often absent among IDUs, especially in those infected with 
S. aureus and HACEK (Haemophilus species, Actinobacillus actinomycetemcomitans, 
Cardiobacterium hominis, Eikenella corrodens, Kingella kingae) [54]. Common com-
plications of right-sided IE are valvular regurgitations, cardiac abscess, and septic 
pulmonary emboli [55]. 

Relapse and reinfection are two types of recurrence [16]. Basically, recurrence 
within 6 months of same IE produced by same microorganisms is termed relapse 
[55]. Reinfection or recurrent IE refers to the recurrence of same IE with same 
microorganisms after 6 months from initial episode [53]. Recurrent IE has higher 
frequency in IDUs with increased valve replacement [16] with a reported inci-
dence as 41% [56]. 

The landmark lesion of IE is the vegetation (Figure 1) [57]. In this context, IDUs 
population with vegetations >20 mm may present higher embolic risk [58] and 
higher mortality as well [25, 58, 59]. 

The cornerstone of imaging diagnosing for infective endocarditis is echocar-
diography [16]. Transthoracic echocardiography (TTE) and/or transesophageal 
echocardiography (TOE) are vital in the diagnosis of any IE [16]. TTE is the first 
line recommendation either for native valve endocarditis or for prosthetic valve 
endocarditis. In case of suspected native valve endocarditis, TTE has a sensitivity of 
50–90% and a specificity of 90% [60]. For IE with vegetation, TTE has a moderate 
sensitivity (75%) and high specificity (>90%) [61]. For suspected prosthetic valve 
endocarditis, TTE has a reduced sensitivity of 40–70%. However, TTE comes up 
with significant information regarding ventricular size and function, and “hemo-
dynamic severity of valve lesions” [60]. Major criteria in the diagnosis of IE are 
represented by three echocardiographic features: vegetation, abscess or pseudoa-
neurysm, and prosthetic valve with new dehiscence [16]. Moreover, TTE provides 
useful information in the diagnosis of anterior prosthetic aortic valve abscesses, 
which are difficult to be seen on TEE [60]. 

TOE is recommended when TTE is nondiagnostic or positive, suspected com-
plications, or in presence of intracardiac device leads [60]. In case of native valve 
endocarditis, TOE has a sensitivity of 90–100% and a specificity of 90% for reveal-
ing vegetations. As such, TOE is highly superior to TOE regarding the detection 
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Figure 1. 
Macroscopy and microscopy of the involved tricuspid valve and vegetation. (a) Yellow arrowhead: the 
large vegetation, blue arrowhead: rupture main chordae tendineae. (b) Blue arrowheads: multiple 
verrucous nodular vegetation on the atrial surface of leaflet. (c) Resected tricuspid valve. Blue 
arrowheads: multiple small vegetations, yellow arrowhead: rupture main chordae tendineae. (d) 
Microscopy of the vegetation adhered to the leaflet, magnification 4×, hematoxylin and Eosin stain. 
(e) Enlarged square area in (e) showing inflammatory cell infiltration and fibrin-platelet thrombi, 
magnification 20×, hematoxylin and Eosin stain. NOTE: every figure specifies this sentence beginning: 
From Bai et al. [57]. It is an open access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly credited. 

of abscesses, perforations, and fistulae [60]. TOE has higher sensibility in the 
detection of pulmonary vegetations [62]. When clinical manifestations sustain IE 
with negative or unclear TTE, TOE has high sensitivity (>90%) and may reveal: (1) 
vegetations; (2) paravalvular or intracardiac abscess, (3) new valvular regurgita-
tions, and (4) prosthetic valve dehiscence (Figure 2) [57, 63, 64]. 

Currently, 3D TOE provides useful information about the morphology and size 
of vegetation, evaluation of perivalvular extension, dehiscence of prosthetic valve, 
and valve perforation [65]. 
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Figure 2. 
Transesophageal echocardiography images of the patient before surgery. (a) Tricuspid regurgitation, Yellow 
arrowhead: wide and reversed blood flow signals at TV site. (b) A large vegetation formation. Yellow 
arrowhead: a large vegetation adheres to anterior leaflet of TV. (c) Suspicious multiple vegetations on 3D 
echo image. Yellow arrowheads: multiple verrucous abnormal nodular projections on the leaflet surface. RA 
right atrium, RV right ventricle, LA left atrium, LV left ventricle, TV tricuspid valve. NOTE: every figure 
specifies this sentence beginning: From Bai et al. [57]. It is an open access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
credited. 

Other imaging techniques such as magnetic resonance imaging (MRI), mul-
tislice computed tomography (MSCT), and 18F-fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET)/computed tomography (CT) are also valuable for 
the diagnosis of IE [16]. MSCT, MRI, and cardiac CT can provide greater informa-
tion when compared with TEE regarding either paravalvular anatomy or complica-
tions (e.g. mycotic aneurysms, paravalvular abscesses) with lesser prosthetic valve 
artifacts [60]. Currently, using CT imaging in the diagnosis of paravalvular lesions 
is a major criterion in the 2015 ESC guidelines on IE [16]. 
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Modified Duke criteria (2000) for diagnostic classification are well-known [64] 
and reviewed by 2015 ESC Guidelines for the management of infective endocarditis 
[16]. Only that, these modified Duke criteria have poorer diagnostic precision in the 
early diagnosis of IE from IDUs, which present fewer typical clinical manifestations 
[16]. The addition of imagistic techniques cardiac/whole-body CT scan, cerebral 
MRI, 18F-FDG PET/CT, and radiolabelled leucocyte SPECT/CT may increase accu-
racy of the modified Duke criteria in IDUs. To sum up, these modified Duke criteria 
are useful, but they do not substitute the decision of a multidisciplinary team or of 
the “Endocarditis Team” that is defined later [16]. 

4. Treatment 

The initial treatment of IE is empirical in majority of cases [1]. Consistent with pub-
lished data, the main effective treatment is medical therapy, whilst surgery is a choice 
in smaller cases [16]. So that, medical treatment in right-sided IE of IDUs is usually 
effective with good prognosis up to 80% cases [16, 23, 66]. 

S. aureus is the most frequent cause of IE in IDUs; as a result, medical treatment 
should cover this pathogen [16]. Short courses of antimicrobial therapy in right-
sided IE with S. aureus in IDUs assure high cure rates (>85%) [1]. 

A short course (2 weeks) with oxacillin or cloxacillin is mainly sufficient [16]. 
Initial therapy comprises penicillinase-resistant penicillins, vancomycin, or dapto-
mycin in combination with gentamicin [16]. Short course (2 weeks) with oxacillin 
or cloxacillin is mainly efficient for isolated tricuspid IE with good compliance to 
therapy, vegetation <20 mm, MSSA, without empyema or other metastatic sites of 
infection, without prosthetic valve or left-sided IE, without cardiac/extracardiac 
complications and without severe immunosuppression (<200CD4 cells/μL) with/ 
without AIDS. Anti-pseudomonas agent should be added in pentazocine addict 
[59]. Antifungal therapy for Candida spp. is added when an IDU utilizes brown 
heroin combined with lemon juice [67]. 

A traditional approach for the treatment of right-sided IE is the regimen formed 
from gentamicin with nafcillin or oxacillin. Another approach of IDUs with right-
sided S. aureus IE and no other complications (e.g. aortic or mitral valve involve-
ment, extra pulmonary infections or meningitis, renal failure, MRSA infection) is 
the antimicrobial coverage with short-course (2 weeks) of beta-lactam plus amino-
glycoside that may be greatly successful [1]. Current guidelines still suggest the use 
of gentamicin, but some available data suggest that it might be unnecessary [68]. 

Moreover, daptomycin monotherapy is approved for the therapy of S. aureus 
bacteremia or right-sided S. aureus IE [69]. If laboratory evaluation shows opiate 
withdrawal, 10–20 mg of long-acting methadone can be prescribed until the regular 
doses are established [70]. 

To sum up, it is problematic to treat IE in IDUs because of the frequent exposures 
to virulent microorganisms; poor compliance with treatment; illegal drug use or 
withdrawal manifestations during hospitalization; opioid maintenance therapy; 
and early self-discharge or long hospitalization [70, 71]. Regardless of correct 
antimicrobial therapy, IDUs develop relapsing IE [56, 72, 73]. 

5. Surgery 

Surgery is not a contraindication for IDUs with IE [4]. However, surgery indica-
tions are complex and are based on the clinical manifestations, associated risk fac-
tors (e.g. age, microorganisms, size of vegetation, perivalvular infection, embolism, 
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heart failure, and other associated comorbidities) and the expertise of surgery team 
[1]. A multidisciplinary team or the “Endocarditis team” with knowledge in cardiol-
ogy, infectious diseases, microbiologists, imaging, neurologists, neurosurgeons, 
and cardiothoracic surgery should provide decisions regarding the indication and 
timing of surgery [1]. Cardiac surgery in IDUs with IE aims to remove infection 
with hemodynamics stabilization hemodynamic may be suggested for IDUs [74]. 

In terms of surgery, right-sided IE has better outcomes than left-sided IE [1]. 
General approach of IDUs with right-sided IE is medical therapy and to delay as 
much as possible the use of valve prostheses [1]. 

Surgical treatment indications for right-sided IE are following [1, 16, 28, 75]: 

• TV vegetations >20 mm after recurrent septic pulmonary emboli with or 
without right heart failure; 

• Severe tricuspid regurgitation with right heart failure unresponsive to 
medical therapy; 

• IE with fungi or persistent bacteremia with virulent microorganisms for at 
least 7 days (e.g., S. aureus, P. aeruginosa) regardless of the antimicrobial therapy. 

5.1 Timing of surgery 

Only 5–16% of IDUs needs surgery [76–78]. However, if left-sided IE has clear 
indications for early surgery, and the indications for early surgery in right-sided IE 
are not established presently [79]. 

The strategy to delay surgery until the microbial therapy is accomplished and 
may decrease morbidity and mortality rates significantly. In keeping with published 
data, early surgery is a choice in case of IE with Staphylococcus aureus or fungal infec-
tion [1, 16, 80]. Early surgery of tricuspid valve IE is considered when associates 
(1) atrial septal defect; (2) prosthetic valve endocarditis; (3) infected pacing leads; 
(4) indwelling catheters; and (5) simultaneous left-sided IE [81, 82]. Additionally, 
development of bacteremia or pulmonary septic emboli also has early surgery. 

5.2 Surgical techniques 

The principles of surgery for tricuspid valve IE comprise debridement of infected 
tissue; excision of vegetations with valve conservation or valve repair; and removal 
of the TV with its replacement [16, 76, 81]. In case of native pulmonary valve, its 
preservation is usually recommended. If pulmonary replacement is mandatory, the 
utilization of a homograft or xenograft is favored. 

Various techniques that are used in cardiac surgery for right-sided IE [71, 81, 82]: 

• vegetectomy (excision of vegetations) 

• valvulectomy (total removal of valve leaflets and chordate tendineae) 

• valvectomy (valve excision) 

• reconstruction of the cusps (e.g. bicuspidization or conversion to a bicuspid valve) 

• pericardial patch augmentation 

• Kay’s or De Vega’s annuloplasty 
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• annuloplasty ring implantation 

• synthetic or expanded polytetrafluoroethylene (PTFE) neo-chords 

• valve replacement (bioprosthetic, mechanical prostheses). 

Importantly, first line of surgical techniques in IDUs is vegetectomy and valve 
repair [23]. 

Valve repair is mainly achieved with autologous pericardial patch, artificial 
chordae, and simple annuloplasty with sutures (Kay’s or De Vega annuloplasty) [23]. 
Ruptured chordae may be restored with polytetrafluoroethylene neo-chordae [16]. 

In a single perforated valve leaflet (cusp) can be used either untreated or glu-
taraldehyde-treated autologous or bovine pericardial patch [16]. Pericardial patch 
reconstruction aims to avoid the use of any prosthetic materials [23]. Autologous 
pericardial patch repairs small defects by direct closure in case of one leaflet. It is 
also used in wide excision or debridement of one leaflet or two leaflets [23]. 

Bicuspidalization annuloplasty is done after total excision of the posterior 
leaflet of tricuspid valve. Importantly, septal leaflet excision of TV has high risk of 
postoperative atrio-ventricular block [23]. This technique is accomplished either by 
Kay’s annuloplasty or De Vega annuloplasty. Both Kay’s annuloplasty and De Vega 
annuloplasty are the first choices indication for valve repair mainly in IDUs [23]. 
After broad resection (>75%) of the anterior leaflet of TV, it is recommended using 
of prosthetic or pericardial annular ring [23]. 

Kay’s annuloplasty is mainly done after the total resection of a leaflet, and it is 
accomplished by the placement of fixing sutures in the corresponding segment of 
annulus to create a bicuspid valve [23]. 

De Vega annuloplasty (Figures 3 and 4) is based on fixing of two semi-circular 
purse string sutures between the anteroseptal commissure to the posteroseptal 
commissure with tricuspid annular reduction [23, 83]. This leads to the coaptation 
of the residual two leaflets. 

Valve replacement. Valve replacement is required in case of a large destroyed valve 
with increased pulmonary pressures and pulmonary vascular resistance [16, 76, 81]. 
It also requires the absence of drug addiction during surgery and after surgery [23]. 
Presently, it is recommended tricuspid valve excision for right-sided IE in IDUs [23]. 

Figure 3. 
Operative procedures. (A) After the prolapsed leaflet segments and chordae were excised, the anterior 
commissural defect was made. (B) The defect was closed with an elliptical pericardial patch of 2.0 × 1.0 cm size. 
An adjustable DeVega-type annuloplasty using two continuous 5–0 Polypropylene sutures was performed to select 
an appropriate-size ring for complete leaflet coaptation. (C) A 26-mm Edward MC3 ring was placed using two 
interrupted, pledgeted 2–0 Dacron sutures and two continuous 3–0 polypropylene sutures. The anterior horn of 
the rigid ring (black arrow) was sutured to the medial end of the patch. NOTE: every figure specifies this sentence 
beginning: From Kim et al. [83]. It is an open access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly credited. 
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Figure 4. 
Operative findings. (A) The anterior commissure defect was closed with a patch (white arrow) and a rigid ring 
was placed along the functional valve opening. (B) The valve leaflets showed complete coaptation (white arrow) 
on saline test. NOTE: every figure specifies this sentence beginning: From Kim et al. [83]. It is an open access 
article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/ 
licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly credited. 

Valve replacement in IDUs is correlated with greater risk for recurrent infection and 
redo surgery (re-operation) [81]. It seems that mechanical prostheses and xenografts 
have similar outcomes [16]. However, recurrence of IE is mainly unchanged for 
mechanical and bioprosthetic valves [84]. Placement of a bioprosthetic valve may be 
challenging in case of IDUs with endocarditis considering the low compliance of IDUs 
for any treatment, risk of recurrent infections, risk of redo surgery, or valve genera-
tion. HIV is not a contraindication for surgery having good prognosis after it [85]. 

An important concern of tricuspid valve surgery is the damage of conduction 
system, which is higher in TV replacement [81, 86]. For instance, in case of 910 
surgeries for tricuspid valve IE, there was higher risk of heart block in TV replace-
ment (16%) versus TV repair (3%, p < 0.0001) [86]. 

Despite of published data supporting the greater risk of morbidity and mortal-
ity for multiple valve endocarditis [87], Weymann et al. outlined that single-valve 
endocarditis or multiple valve involvement have no different operative or postop-
erative risks [88]. In any type of prosthesis, survival on long-term is similar in any 
tricuspid valve replacement with prosthesis [89, 90]. Homograft tissue valve may be 
used after valvectomy mainly with cryopreserved mitral homograft [23]. 

IDUs have a greater mortality rate in comparison with the general population 
[91, 92]. However, right-sided IE treated surgically has good outcomes in the 
early, mid-term, and long-term [86]. Significant risk factors for poor prognosis in 
IDUs treated surgically are interrelated with the Staphylococcus aureus and fungi or 
polymicrobial IE, late presentation in critical condition, with the vegetation size, 
and with left-sided IE [93]. 

Taking into account the current guidelines of The Society of Thoracic Surgeons 
Workforce on Evidence Based Surgery, European Society of Cardiology, and The 
European Association for Cardio-Thoracic Surgery, the first line recommendation 
(Class Ia) in IE for IDUs is the excision of infected tissue (vegetation) with valve 
repair. Furthermore, the second line recommendation (Class IIa) is tricuspid valve 
replacement. Bioprosthesis is the principal choice in TV replacement in IDUs, 
because mechanical valve needs long life anticoagulation [16, 23, 39, 81, 94, 95]. 

A conservative approach is recommended by European Society of Cardiology in 
case of IDUs which present greater risk of recurrent infection. When valve replace-
ment is necessary, bioprosthesis decreases the thromboembolism risk with no 
anticoagulant therapy on long term. On the other side, younger IDUs are disposed 
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Figure 5. 
The damaged bioprosthetic tricuspid valve with vegetations. NOTE: every figure specifies this sentence 
beginning: From Chen et al. [96]. It is an open access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative Commons license, and indicate if changes were made. 

to redo surgery or re-operation either because of recurrent infection or valve 
degeneration (Figure 5) [16, 96]. Moreover, valvectomy is the last choice to valve 
repair or valve replacement in IDUs with greater risk of recurrent infection. The 
valvectomy technique eludes the use of prosthetic material but is limited by residual 
severe tricuspid regurgitation with right heart failure. Published data supports this 
technique because of its long-term survival after complete valvectomy. For instance, 
one study of Gaca et al. reports tricuspid valvectomy as first choice only in 66 cases 
from 910 patients (7.3%) [86]. 

Recurrence of IE is characteristically for IDUs [23, 97]. However, the best indica-
tion and timing of surgery are debatable [98]. Prognosis of IE in IDUs has good 
outcomes with mortality <5% [23]. Right-sided IE has a good prognosis with lower 
in-hospital mortality. As well, right-sided IE has a lower morbidity and mortality 
with better prognosis than left-sided IE but with greater early mortality rate [11, 
21, 99]. Higher mortality in IDUs with right-sided IE is associated with vegetations 
>20 mm, fungal endocarditis, bacteremia, and older age [4, 13, 21, 59]. To sum 
up, the early and complete surgical debridement of infected tissue together with 
microbial therapy assures a good prognosis on long term [88]. 

6. Conclusions 

Right-sided IE is the primarily disease that affects IDUs and patients with 
congenital heart diseases [16]. Diagnostic findings comprise fever and respiratory 
symptoms [16]. In the main part of cases, S. aureus is responsible pathogen [16]. For 
IDUs with IE, optimal treatment strategies lack a general consensus. Majority of 
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strategies are applied based on the team experience and the patient. Furthermore, 
this absence of evidence-based guidelines highlights that any IE should be managed 
by an “Endocarditis Team” [86]. Surgery is a choice only for difficult evolution, 
failure of medical therapy, or recurrent septic emboli to the lungs or paradoxical 
emboli [16]. 
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Abstract 

Infective endocarditis is defined by a focus of infection within the heart. Despite 
the optimal care, the mortality approaches 30% at 1 year, so the care for this type of 
patients represents a challenge to improve the result in your care. The challenges in 
this clinical entity have several aspects such as the diversity of germs that cause 
endocarditis, and the most important epidemiologically has generated resistance to 
antimicrobial treatment along with the possibility of apoptosis in their host-germ 
interaction. The immunogenetic susceptibility to host infection is discussed, which 
represents a deep area of research. Inflammation, local and systemic, is complex, 
with the genesis of reactive oxygen species, which are harmful when the antioxi-
dant defenses are exceeded, causing the break in the mitochondrial electron trans-
port chain with the fall in energy genesis, multiple organ failure, and death. Both at 
the cellular level and in the mitochondria, possible therapeutic targets are also 
commented. 

Keywords: infective endocarditis, Staphylococcus aureus, single nucleotide 
polymorphism (SNP), inflammatory response, reactive oxygen species (ROS), 
oxidative stress, multiple organ failure (MOF) 

1. Introduction 

In this chapter we will analyze the physiopathological changes involved in the 
inflammatory response of the septic process in infective endocarditis [IE] that 
culminate with cellular damage and the generation of organic failures; morpholog-
ical changes, cellular biology, biochemistry, immunology, and genetic vulnerability, 
which together are called “pathobiology,” are the substrate of clinical manifesta-
tions of this serious disease, which requires a multidisciplinary group of experts 
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(cardiologists, infectologists, surgeons, intensivists) to optimize therapeutic 
approach. IE is defined as a severe multisystem disease, which results from an 
infection, often bacterial, that initially affects the endocardial surface of the heart 
[1]. The epidemiological pattern has changed over time [2–4]. The incidence has 
increased in recent years to 5–10 cases per 100,000 inhabitants [2], due to the fact 
of a greater number of predisposing factors such as the use of permanent cardio-
vascular devices, invasion with intravenous catheters in critical care units, and 
hemodialysis treatments, in addition to having greater accessibility to diagnostic 
tools. From the etiological point of view, Staphylococcus aureus (S. aureus) is pre-
dominant as a causal germ [5, 6]. The clinical course of a patient with IE depends on 
the inflammatory response, since it is variable; it also depends on the germ and the 
response of the patient to infection with varying degrees of hemodynamic and 
metabolic compromise [7–9]. We emphasize the current trend of the search for 
organic failures associated to the septic processes for their identification and strat-
ification and therapeutic approach [10]. Given the characteristics of the disease, 
IE has a high mortality that goes from 20 to 30% in the reported series [2, 11]; it is 
noteworthy that the evolution toward septic shock has been documented in 
30% [12], considering this complication as an independent variable of poor 
prognosis [13]. 

2. Epidemiology of infective endocarditis 

The pathogenesis and the prognosis of IE can be simply described in a general 
way as the interaction between the host and the germ; however, these factors are 
not independent and are very importantly linked both in the susceptibility charac-
teristics of the host (advanced age, higher prevalence of comorbid conditions, and 
exposure to health care) to survive or not to an infectious state, as of the character-
istics of the germ involved. To reduce the incidence of IE and improve its outcome, 
epidemiological studies can provide valuable information on contemporary and 
modifiable risks to modify their morbidity and mortality [14]. 

The incidence of hospital discharge diagnoses for drug dependence combined 
with IE increased more than twelvefold from 0.2 to 2.7 per 100,000 persons per 
year over this 6-year period. Correspondingly, hospital costs for these patients 
increased eighteenfold, from $1.1 million in 2010 to $22.2 million in 2015 [15]. 

In another study also conducted in the USA, using a national sample of hospi-
talized patients from 1998 to 2009 with focus on IE showed an increase in the use of 
intracardiac devices from 13.3 to 18.9%. In cases with pathogens identified, S. aureus 
was the most common, increasing from 37.6% in 1998 to 49.3% in 2009, 53.3% of 
which were methicillin-resistant Staphylococcus aureus (MRSA) [16]. The above can 
give us an idea of the economic and assistance impact of treating patients with 
severe sepsis such as IE. It is an infection inside the organ that is responsible for 
distributing blood to practically the whole organism. 

The evolution of an inflammatory process plus infection frequently occurs with 
clinical manifestations unspecified such as fever or hypothermia, tachycardia, 
tachypnea, or abnormal white blood cell count, progressing to septic shock and 
acute organ failure [17]. 

Epidemiological data of more than five decades tell us that S. aureus is the most 
important causal agent of IE [4]; so in the development of systemic inflammation 
that is generated by the host-germ interaction, we will consider the S. aureus as the 
best example of IE due to its virulence and an emergent property that we know as 
resistance to antibiotics, sophisticated defense mechanisms, and the ability to cause 
apoptosis in cells when it is alive inside the cell. The interaction of S. aureus-host 
allows us to develop in a substantive way, on one hand, the importance of the 
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virulence of the germ and, on the other, the defense mechanisms of the host, 
showing how the inflammation is generated and amplified to offer a step to oxida-
tive stress. It is important to mention that other agents can cause IE such as strep-
tococci and fungi. 

3. Staphylococcus aureus 

S. aureus is a Gram-positive coccus with a diameter of 0.5–1.5 μm, grouped as 
single cells, in pairs, tetrads, short chains, or forming a conglomerate in a cluster of 
grapes. This microorganism was first described in the year 1880, in Aberdeen, 
Scotland, by the surgeon Alexander Ágoston. The name comes from the Greek 
σταφυλόκοκκος, which is composed of the terms “staphylé,” meaning cluster, and 
coccus, meaning grain or grape, and from the Latin “aureus” which means golden, 
that is to say “cluster of golden grapes.” 

They are non-motile bacteria, not sporulated, with no capsule (although there 
are some strains that develop a slime capsule); they are facultative anaerobes. Most 
staphylococci produce catalase (enzyme capable of dismutating hydrogen peroxide 
in H2O + O2), characteristic that is used to differentiate its sort from others like 
Streptococcus and Enterococcus. In 1961, the first report was made on the existence of 
a methicillin-resistant Staphylococcus aureus [18]. 

3.1 Staphylococcus aureus and endothelial cell 

S. aureus is a pathogen that causes significant morbidity and mortality world-
wide [2]. It is the leading pathogen associated with life-threatening bloodstream 
infections [19]. 

Although S. aureus is mainly known as an extracellular pathogen, it has been 
shown to invade and survive within endothelial cells, both within vacuoles and free 
in the cytoplasm, which implies that the bacteria can escape from the 
phagolysosome. S. aureus tends to infect endovascular tissue. It is believed that this 
ability contributes to causing a persistent endovascular infection with endothelial 
destruction. 

3.2 Endothelial cell and Staphylococcus aureus ingestion 

On the other hand, the death of endothelial cells after the invasion of S. aureus 
occurs at least in part by apoptosis, as demonstrated by DNA fragmentation and 
changes in nuclear morphology. Apoptotic changes are observed as early as 1 h after 
infection of endothelial cells [18]; they are considered to function as 
nonprofessional phagocytes, being able to ingest S. aureus [20, 21] following the 
adhesion of this to endothelial cell monolayers; invasion can occur through inges-
tion by endothelial cells. 

For the internalization of S. aureus, adherence seems to be necessary, since the 
use of the phagocytosis inhibitor cytochalasin D prevented apoptosis. Studies show 
that living intracellular S. aureus induces apoptosis of endothelial cells and that this 
depends on a factor associated with viable organisms, since dead S. aureus (by 
ultraviolet light) also internalized does not induce it [18]. The process has been 
observed through electron transmission micrographs of bovine aortic endothelial 
cell monolayers infected with S. aureus, showing phagocytosis following a sequence 
of events: (I) adhesion of S. aureus to the endothelial cell, (II) formation of cup-
shaped processes on the surface of the endothelial cell underlying the adherent 
bacteria, and (III) elongation of the cup and engulfment of bacteria within a 
phagosome [19]. 
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3.3 Heme prosthetic group and Staphylococcus aureus 

To colonize a vertebrate host, S. aureus requires numerous nutrients, such as the 
prosthetic group heme. The requirement can be met through two distinct mecha-
nisms: importing exogenous heme through dedicated machinery or synthesizing 
endogenous heme from own metabolic precursors. These two mechanisms are 
necessary for a complete virulence of S. aureus [22, 23]. Once acquired, heme is used 
for several cell processes. The intact heme is used as a cofactor for enzymes [24], 
including cytochromes in the electron transport chain, catalase for the detoxifica-
tion of reactive oxygen species, and bacterial nitric oxide synthase (bNOS). 

Although the S. aureus requires heme, its excess is toxic to the germ, so it has a 
mechanism for hem detoxification through a hem sensor system (HssRS) that 
induces the expression of a hem regulator transporter (hrtAB) [25]. The suppres-
sion of the components of this route affects the virulence of S. aureus. This ability to 
detoxify heme is critical to survive in the host. Also, the synthesis of nitric oxide is 
important for the bacteria to survive. Bacteria encode genes similar to nitric oxide 
synthetase in mammals, which leads to the characterization of the nitric oxide 
synthase hemoprotein (bNOS) [26]. 

3.4 Staphylococcus aureus as a pro-inflammatory agent 

The S. aureus contains molecules such as peptidoglycan and lipoteichoic acid, 
potent stimulants for the production of cytosines such as TNF-α, IL-4, IL-6, IL-8, 
IL-12, IL-1be, growth-regulated oncogene (GRO) alpha, and regulated upon activa-
tion, normal T-cell expressed, and secreted (RANTES). RANTES has a chemotactic 
function to perform leukocyte recruitment to areas of infection in addition to 
inducing tumor necrosis factor alpha and interleukin 1. Elevated levels can persist 
for 7–14 days [27]. As we can observe, S. aureus activates in a very important way 
the process of inflammation. 

3.5 Staphylococcus aureus and blood stream infections in infective endocarditis 

Circulatory blood stream infections (positive blood cultures) occur in patients 
with intravascular prosthetic devices as the most common source of infections 
related to health care [28]. MRSA was the most frequent pathogen in these types of 
infections with a consistent increase in the isolates of MRSA [29–31]. In the EU, 
epidemiological surveillance data on bloodstream infections show a marked vari-
ability among the member countries that make up a proportion of S. aureus that is 
resistant to methicillin, ranging from less than 1% to more than 50%. In addition to 
infections associated with health care, new MRSA strains have emerged in their 
communities as human pathogens associated with livestock [32]. 

3.6 Endocardial endothelium and myocardial capillary endothelium 

The anatomical and physiological barriers of cardiac protection such as the 
endothelium can be compromised in its structure when areas of turbulence and 
injury are generated, producing an area exposed to infection. The intracardiac 
cavities have a cell layer called endocardial endothelium (EE) that covers the endo-
cardium of the atria, ventricles, and all their anatomical components (papillary 
muscles, chordae tendineae, and heart valves). The EE acts as an active mechanism 
of biological heart-blood barrier, since it interacts dynamically with cardiomyocytes 
allowing direct communication and signaling between both types of cells. This 
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electrochemical communication between the cells of the EE and the cardiomyocytes 
allows a rapid intracellular electrochemical propagation and amplification of the 
functional properties of the EE. 

Signaling between cardiac endothelial cells (EE and myocardial capillary endo-
thelium) and cardiomyocytes influences cardiac growth, contractile performance, 
and rhythmicity. The network of Purkinje fibers and the subendocardial neural 
plexus (parasympathetic nervous system) is immediately below the endocardial 
endothelium (EE) and participates in the endothelial control of cardiac rhythm. 
Endothelin-1 (Et-1), nitric oxide (ON), prostaglandins (PGI2), prostacyclin (AI and 
AII), angiotensin I and II, and vascular endothelial growth factor (VEGF) are 
involved in these processes. 

The endothelium that covers cardiac structures is at the vascular level, the 
myocardial capillary, and the endocardium; its activation includes changes in the 
endothelial phenotype as part of the physiological adaptive response to several 
possible injuries and stressors. The dysfunction of the endothelium implies a 
deregulated response that is not useful and that can be permanent. 

One of the clinical disorders that selectively damage the endocardium and 
subendocardial interstitial tissue is endocarditis. This entity causes activation of the 
vascular and endocardial endothelial system, as well as poor adaptation or failure 
characterized by hemodynamic abnormalities, neurohormonal imbalance, cytokine 
expression, and endothelial dysfunction [33]. 

Infective endocarditis is an anatomoclinical entity characterized by microbial 
infection of the valvular or parietal endothelium or both; it is located predominantly 
on the left side of the heart, although it can also occur in the right (e.g., endovenous 
drug), which produces inflammation, exudation, and proliferation of the endocar-
dium. The most characteristic lesion is the vegetation, constituted by an amorphous 
mass of platelets and fibrin, of variable size, which contains multiple microorgan-
isms and scarce inflammatory cells (fibrinoplaquetary thrombus) [34]. This type of 
lesions generates metastatic infection in other anatomical territories, for example, 
the central nervous system, apostematous meningitis, myocarditis, pyelonephritis, 
and splenic abscesses which are at risk of rupture [35, 36]. 

4. Clinical manifestations 

The clinical manifestations of infective endocarditis are acute rapidly progres-
sive or subacute; the pathophysiological processes of both are explained by immu-
nological and vascular phenomena, such as inflammatory response, mediators of 
inflammation triggered by a maladaptive response to an infectious process, aggre-
gation of immune complexes, infectious vasculitis, and peripheral microembolism 
[34, 37]. Depending on the affected cardiac cavity (right/left) or valvular 
system, the clinical manifestations will be due to the aforementioned 
processes [38] (Table 1). 

4.1 Anatomopathological changes 

The anatomopathological changes due to the formation of vegetations in the 
valvular ring and/or in the leaflets cause an anatomical alteration. If this anatomical 
alteration generated by a vegetation prevents valvular closure, it will be expressed 
as a murmur of valvular insufficiency and in severe cases such as microembolisms 
septic and non-septic and cardiac failure [34, 37]. 
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Sign 

Fever 86–96 

New murmur 48 

Worsening of old murmur 20 

Hematuria 26 

Vascular embolic event 17 

Splenomegaly 11 

Splinter hemorrhages 8 

Osler nodes 3 

Janeway lesions 5 

Roth spots 2 

Complication 

Stroke 17–20 

Non-stroke embolization 23–33 

Heart failure 14–33 

Intracardiac abscess 14–20 

New conduction abnormality 8 

Murdoch et al. [38]. 

Patients, % 

Table 1. 
Clinical signs and complications of infective endocarditis. 

4.2 Considerations on the cardiac cavity affected by infective endocarditis 

The standard reference to corroborate the clinical diagnosis of IE is 
transesophageal echocardiography since the transthoracic echocardiogram, even 
when limited to native valves, decreases the diagnostic probability of IE [39]. 

Right and left endocarditis are two distinct entities that require different clinical 
and surgical approaches. The diagnosis of endocarditis on the right side requires a 
high index of clinical suspicion. It can occur with a history of intravenous drug use, 
fever, and pulmonary infiltrates, although intravenous drug abuse is also a cause of 
IE on the left side of the heart [36]. The information provided by echocardiography 
is of prognostic and therapeutic value. 

If the vegetation is <1.0 cm in diameter, it can be expected that antibiotic 
therapy will resolve the infection; if the size of the vegetation determined by 
echocardiography is ≥1.0 cm without response to treatment, surgical intervention 
should be considered [40]. 

Surgical treatment in IE on the left side of the heart, for example, the mitral 
valve, is indicated in patients with severe mitral regurgitation, even in the absence 
of congestive heart failure, with mitral annular abscess, large vegetation >10 mm, 
uncontrolled sepsis, and multiple embolisms [41]. Mitral valve (MV) replacement 
has traditionally been considered as the standard treatment for MV endocarditis 
that does not respond to antibiotic treatment. 

However, the pioneering work of Dreyfus et al. surgery for repair of the mitral 
valve with IE can be performed safely and is often associated with a better outcome 
compared to mitral valve replacement [42, 43]. 
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5. Role of immunogenetics in the physiopathology of sepsis and 
infective endocarditis 

5.1 Introduction 

It has been largely recognized that infective processes have considerably differ-
ent patient-to-patient behavior in such a way that some patients respond well to the 
treatment applied and some others end up developing a dysregulated immune 
response known as sepsis [44], organ failure, and some even die from this process. 
Infective endocarditis does not escape from this fact. Many variables, such as the 
virulence of the pathogen and the quality of the treatment applied, among many 
others, participate in an additive manner to conform the clinical outcomes of infec-
tions, and this helps to understand why a patient takes the road of success or failure 
regarding the control of the septic process. One of the most recent advances in the 
understanding of the pathophysiology of infective processes, including infective 
endocarditis, is the demonstration that genetically determined differences in the 
immune system of individuals are one of these many factors that determine the 
phenotypic behavior and outcomes. Therefore, the next chapter section is dedicated 
to explaining the existing evidence of the participation of immunogenetics in the 
development of infective endocarditis and sepsis. 

Recently, the concept of sepsis has been redefined as the result of a better 
understanding of its pathophysiology, particularly regarding the early activation of 
pro- and anti-inflammatory immune responses. As the third international consen-
sus definition of sepsis states, sepsis is a life-threatening organ dysfunction caused 
by a dysregulated host response to an infection [45]. Then, if sepsis is dependent on 
a dysregulated response, and this response is executed principally by the host 
immune system, then genetically defined differences between individuals immune 
system might play a role in the genesis of this syndrome and at least partially 
explain why some patients take the road of sepsis and some others do not. This 
hypothesis had long been existed, but it was until 1988 that the theory started 
gaining scientific evidence of its existence, when Sørensen et al. [46] published 
what is considered a landmark study with respect to this topic. In this article, the 
authors studied the genetical influences on the principal causes of nonviolent pre-
mature death in the Danish population; to separate them from the environmental 
influences, they studied a selected group of people that had been adopted early in 
life. This was extracted from the Danish Adoption Registry and included adoptees 
that were born between 1924 and 1926. They traced them up and demonstrated that 
the death of a biologic parent from an infection before the age of 50 resulted in a 
relative risk of death from infective causes in the adoptees of 4.5. Since this publi-
cation, a great number of studies have been conducted in an attempt to define the 
specific genetic variations that determine these differences in outcome. This task 
has resulted complex; as both pro- and anti-inflammatory responses contribute to 
the outcome of septic processes, all genes encoding effector proteins in the bio-
chemical pathways of the inflammatory response to infection are potential candi-
dates to determine the genetical background responsible for the interindividual 
differences aforementioned [47]. 

5.1.1 The study of single nucleotide polymorphism associations with sepsis and 
IE outcomes. 

The most studied specific type of genetic anomaly regarding to sepsis suscepti-
bility is the single nucleotide polymorphism (SNP); therefore, the largest body of 
evidence comes from the study of this type of genetic variations. SNPs are defined 
as frequent (occurring in >1% of the population) variations in the human DNA 
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sequence [48] and consist in the exchange of a single base pair for another in a 
specific location in the DNA sequence. They may occur within the exonic (coding) 
or intronic (noncoding) region of the gene and can have different consequences 
which include alteration of expression or structure of proteins and enzymes, intro-
duction of an alternative translation initiation codon or stop codon, and destabili-
zation of exonic mRNA [49]. Methodologically speaking, most studies are 
association studies (case/control and cohort type), and two approaches have been 
done. In the most common approach (which for purposes of this chapter section are 
going to be called specific SNP association studies), the frequency of one or more 
known SNPs present in genes coding defined molecular candidates involved in the 
pro- or anti-inflammatory responses (e.g., alpha tumoral necrosis factor gene) is 
compared between a specific phenotypically defined interest group (patients with a 
confirmed specific infectious scenario as sepsis or IE) and a control group, usually 
consisting of a group of healthy blood donors ideally with an ethnicity equal to the 
interest group. If there are statistically significant differences in the frequency of 
the SNPs between groups, authors take this as proof that such genetic differences 
are implicated in the specific way that the study population responds to infection. 
The other approach is a type of study called genome-wide association studies 
(GWAS). As the previously described type of study, GWAS are association studies 
(most frequently case–control studies) but differ in that the frequency of most 
known SNPs is measured in the whole genome of the cases (infected group) and 
controls (healthy blood donors). When a statistically significant difference is found, 
authors take this as proof that such genetic variability is responsible for the differ-
ence in outcomes and then hypothesize, based in the location of the SNPs, about the 
biological plausibility of the association given the gene that is affected. 

5.2 The evidence in sepsis 

A large number of specific SNP association studies have been conducted 
respecting the most important effector molecules in response to sepsis and also 
some GWAS. 

5.3 Tumor necrosis factor alpha 

In response to an infectious stimuli, such as lipopolysaccharides (LPS), tumor 
necrosis factor α (TNF-α) is a cytokine that is released early mainly by macro-
phages, and it is a principal mediator of the inflammatory response to infection 
which stimulates acute inflammation by its action on different cells, such as 
endothelial cells and leukocytes [50]. 

Many studies have been done in an attempt to determine if specific SNPs in the 
TNF alpha factor gene are implicated in sepsis susceptibility with conflicting results. 
A recent meta-analysis from Zhang et al. [51] which included 23 articles that eval-
uated the effects of TNF-α rs1800629 and rs361525 polymorphisms on sepsis risk 
found that TNF-α rs1800629 was associated with increased sepsis risk in the overall 
population in four genetic models, including adenosine (A) vs. guanine (G) 
(p < 0.001, odds ratio (OR) = 1.32), GA vs. GG (p < 0.001, OR = 1.46), GA + AA 
vs. GG (p < 0.001, OR = 1.46), and carrier A vs. carrier G (p < 0.001, OR = 1.32). 
These results suggest an implication of these genetic variations with an increased 
susceptibility for sepsis development. 

5.4 Tumor necrosis factor beta (TNF-β) 

TNF-β is a cytokine produced by T lymphocytes similar to TNF-α and binds to 
TNF receptors. It activates endothelial cells and neutrophils and is a mediator of 
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acute inflammatory response, providing a link between T-cell activation 
and inflammation. These effects are the same as those of TNF-α, consistent 
with their binding to the same receptors. However, as the quantity of TNF-β is 
much less than that of TNF-α made by lipopolysaccharide-stimulated 
mononuclear phagocytes, TNF-β is not readily detected in the circulation. For 
this reason, TNF-β is usually a local cytokine and not a mediator of systemic 
injury. A single nucleotide polymorphism has been found at position +252 in the 
first intron of the TNF-β gene and consists of a G in the wild-type allele 
(TNFB1) and an A in the variant allele (TNFB2). Known as the Nco1 
polymorphism, it has been proposed as a potentially influential locus in many 
inflammatory conditions. Delongui et al. studied the association of the TNF-β Nco1 
genetic polymorphism with susceptibility to sepsis in 60 patients diagnosed with 
sepsis and in 148 healthy blood donors. Among the septic patients, the allelic 
frequencies of TNFB1 and TNFB2 were 0.2833 and 0.7166, respectively, and they 
differed from those observed in the blood donors (p = 0.02). The TNFB2 allele 
frequency was higher in the septic patients than in the controls [OR = 1.65 (CI 
95% 1.02–2.69), p = 0.0315], all this suggesting an implication in susceptibility 
to sepsis [52]. 

5.5 Interleukin 10 (IL-10) 

IL-10 has beneficial anti-inflammatory properties; however, an excess of 
IL-10 has been reported to induce immunosuppression in bacterial sepsis. 
Published data demonstrates that lower production of IL-10 from stimulated 
peripheral blood mononuclear cells (PBMC) from septic patients is significantly 
correlated with favorable disease outcome [53]. Stanilova et al. [54] investigated 
the ˜1082 (A/G) polymorphism in the promoter of the IL-10 gene by measuring 
IL-10 production from stimulated peripheral blood mononuclear cells (PBMC) 
and to evaluate the relationship of this polymorphism with susceptibility to severe 
sepsis and its outcome. They found that carriage of at least one copy of 
IL-10-1082 G allele in sepsis patients and in healthy controls resulted in a statisti-
cally significant increase in IL-10 production from stimulated PBMC. Patients who 
survived sepsis had a significant decrease of IL-10-1082 allele G frequency, 
compared with controls (17 vs. 47.2%; p = 0.012). This suggests that this genetic 
variation has an impact in IL-10 production and in the outcomes of septic 
patients [55]. 

5.6 Interleukin-1 receptor antagonist gene (IL-1 Ra) 

Interleukin 1β (IL-1β) is a potent pro-inflammatory cytokine implicated in the 
development of chronic inflammatory disorders. IL-1β signaling is blocked by IL-1 
Ra, a natural regulator of IL-1 cytokines. IL-1 Ra binds to the IL-1 receptor and 
thereby prevents binding of both IL-1a and IL-1b [56]. F. Arnalich et al. aimed to 
determine the influence of the polymorphism within the intron 2 of the IL-1RNa 
(IL-RNa*) on the outcome of severe sepsis. A group of 78 patients with severe sepsis 
(51 survivors and 27 non-survivors) was compared with a healthy control group of 
130 blood donors and 56 patients with uncomplicated pneumonia. They found a 
significant association between IL-1RN* polymorphism and survival. After 
adjusting for age and APACHE II score, they did a multiple logistic regression 
analysis that showed that patients’ homozygotes for the allele *2 had 6°47 times 
more risk of death (95% CI 1°01–41°47, p = 0.04). These authors concluded that 
these genetic mutations might be implicated in an increased risk of death in septic 
patients [57]. 
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5.7 High-mobility group box 1 protein (HMGB1) 

HMGB1 is a pleiotropic cytokine that has been implicated in the 
pathophysiology of systemic inflammatory response syndrome (SIRS) and sepsis. 
HMGB1 is measurable in the systemic circulation in response to severe injury. 
This protein has the propensity to bind to a variety of inflammatory mediators such 
as lipopolysaccharide and pro-inflammatory cytokines, including IL-1. The role of 
HMGB1 as an endogenous molecule facilitates immune responses and has an 
important role in homeostasis between tissue and disease. HMGB1 is implicated 
in the pathophysiology of a variety of inflammatory diseases, and it has been 
found that variation in the HMGB1 gene is associated with mortality in patients 
with systemic inflammatory response syndrome [58]. Kornblit et al. performed a 
long-term, 4-year study comparing HMGB1 sequencing data in 239 intensive care 
unit (ICU) patients with HMGB1 blood levels and clinical outcomes. The 
promoter variant ˜1377delA was associated with a markedly reduced long-term 
survival rate after ICU admission in SIRS patients. There was also a significant 
interaction with a polymorphism within the coding region of the HMGB1 gene at 
position 982 (C > T) in exon 4; carriers had an increased frequency of early 
death from infection [59]. 

5.8 Toll-like receptor 2 (TLR2) 

TLRs are a group of pattern recognition receptors. They play important roles in 
regulating inflammatory reactions and activating adaptive immune response to 
eliminate infective pathogens [60]. TLR2, a key member of TLR family, can recog-
nize a variety of bacterial lipoproteins. The mechanism of TLR2-recognizing 
lipoproteins has been elucidated; after TLR2 recognizes lipoproteins, it activates 
MyD88 adaptor-like protein and initiates a signaling pathway, which induces fur-
ther immune response [61]. This evidence puts TLR2 gene as an appealing candi-
date for determining sepsis risk. In a recent meta-analysis, Gao et al. [62] analyzed a 
total of 12 studies (11 records) with 898 cases and 1517 controls examined to 
determine the association between the TLR2 Arg753Gln polymorphism and sepsis 
risk. The combined results of the overall comparison indicated that there were 
significant associations between the TLR2 Arg753Gln polymorphism and sepsis risk 
under the allele comparison model and the dominant model, respectively (for A vs. 
G, OR 1.76, 95% CI 1.05–2.95, p = 0.03; for AA/GA vs. GG, OR 1.92, 95% CI 
1.11–3.32, p = 0.02). 

5.9 Genome-wide association study 

Rautanen et al. [63] did a genome-wide association study in three independent 
cohorts of white adult patients admitted to ICU with sepsis, severe sepsis, or septic 
shock due to pneumonia or intra-abdominal infection (n = 2534 patients). The 
primary outcome was 28-day survival. Results for the three cohorts of patients with 
sepsis due to pneumonia were combined in a meta-analysis of 1553 patients. The 
most significantly associated SNPs were genotyped in a further 538 white patients 
with sepsis due to pneumonia (an independent fourth cohort), of whom 106 died. 
In the genome-wide meta-analysis of three independent pneumonia cohorts, com-
mon variants in the FER gene were strongly associated with survival (p = 9°7 ˛ 10–8; 
OR 0°52 [95% CI 0°41–0°66]). Genotyping of the additional fourth cohort strength-
ened the evidence for association with survival (p = 5°6 ˛ 10–8; OR 0°56 [0°45– 
0°69]). 
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5.10 The evidence in infective endocarditis 

There are many risk factors described for the development of IE; nevertheless 
up to 30–50% of patients with this diagnosis does not have any known risk factor 
[64]. Therefore, as in sepsis per se, there is thought to be immunogenetic influences 
that affect the risk of development and outcomes in IE. However, in comparison 
to sepsis, evidence of the immunogenetic influence on the susceptibility and out-
comes of IE is less robust. Golovkin et al. [65] hypothesized that inherited variation 
in TLR and triggering receptor expressed on myeloid cells (TREMs) genes may 
affect individual susceptibility to IE. They conducted a specific SNP study in which 
the distribution of genotypes and alleles of the TLR1, TLR2, TLR4, TLR6, and 
TREM-1 gene polymorphisms was investigated in 110 Caucasian subjects with IE 
and 300 matched healthy blood donors. ORs with 95% CI were calculated. They 
found that C/C genotype of the rs3775073 polymorphism within TLR6 gene was 
associated with a decreased risk of IE (OR = 0.51, 95% CI = 0.26–0.97, p = 0.032) 
according to the recessive model; however, there was no association between the 
other investigated SNPs within TLR andTREM-1 genes and IE. 

Moreau et al. [66] conducted a GWAS of 67 patients with definite native valve 
S. aureus IE (cases) and 72 matched native valve patients with S. aureus bacteremia 
but without IE (controls). Unfortunately, no SNPs were significantly associated 
with S. aureus IE at the genome-wide level (p < 5 ˜ 10 °8). Four suggestive SNPs 
(p < 0.00001) were located on one locus on chromosome 3, near the genes CLDN11 
and SLC7A14. For all, the frequency of the minor allele was lower in cases than in 
controls, suggesting a protective effect against S. aureus IE. The same association 
was observed using an independent Danish verification cohort of Staphylococcus 
aureus bacteremia with (n = 57) and without (n = 123) IE. An ex vivo analysis of 
aortic valve tissues revealed that S. aureus IE associated SNPs mentioned above were 
associated with significantly higher mRNA expression levels of SLC7A14, which is a 
cationic amino acid transporter protein. These results suggest an IE-protective 
effect of SNPs on chromosome 3 during S. aureus bacteremia. The authors con-
cluded that the effects of protective minor alleles may be mediated by increasing 
expression levels of SLC7A14 in valve tissues. 

6. Inflammation and oxidative stress 

The modern mitochondria have an evolution of more than a billion years, orig-
inating as an invading Eubacterium in early eukaryotic cells. The knowledge of the 
structure, functionality, and the similarities of the DNA between mitochondria 
and bacteria strongly prove the endosymbiotic origin of the mitochondria. Of the 
1000 or more mitochondrial proteins, only 13 are encoded by the mitochondrial 
genome, the rest is transcribed and translated into the nuclear genome and 
transported to the inner mitochondrial membrane [67]. 

In the heart the populations of mitochondria include subsarcolemmal mitochon-
dria, which are more susceptible to injury. Subsarcolemmal mitochondria provide 
energy for membrane-related processes, including signal transduction, ion 
exchange, and substrate transport, whereas the intermyofibrillar mitochondria 
more directly support muscle contraction [68]. 

The mitochondrial oxidative phosphorylation process is responsible for the 
conversion of macronutrient energy (e.g., glucose, fatty acids, and amino acids) 
into ATP through a set of coordinated and highly coupled reactions where the 
macronutrients are oxidized and the oxygen is reduced to water and adenosine 
diphosphate (ADP) is phosphorylated to ATP. 
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6.1 Chemiosmotic hypothesis 

In the chemiosmotic hypothesis [69], the proton gradient is formed by removing 
H+ from the interior (matrix), while the negative charges remain inside, largely as 
OHˉ ions; the pH on the outer face of the membrane (intermembrane space) can 
reach a pH of 5.5, while the pH just at the inner side (matrix) of the same can reach 
8.5; this gradient is 3 pH units. Recall that the pH is equal to - log. of [H+], and 
therefore 3 units of pH mean that the ΔH+ = 1000 between both faces of the 
membrane, that is to say there are 1000 times more H+ in the intermembrane space 
than on the side of the membrane that is in contact with the mitochondrial matrix 
(Figure 1). 

Figure 1. 
The creation of a proton gradient (ΔH+) in the intermembrane space is produced by the chain of electron 
transport and the synthesis of ATP synthase, which is maintained by the electrons that pass from the reducing 
equivalents (NADH, FADH2) to the cytochromes along the inner membrane of the mitochondria. ATP synthase 
uses that gradient to generate ATP. The two processes are associated with the inner membrane of the 
mitochondria in the mitochondrial crests. Note that the enzymes of the citric acid cycle and β-oxidation are 
contained in mitochondria, together with the respiratory chain, which collects and transports reducing 
equivalents, directing them to their final reaction with oxygen to form water, and the machinery for oxidative 
phosphorylation, the process by which the liberated free energy is trapped as high-energy phosphate. Source: 
Botham and Mayes [70]. 

The process begins when carbon substrates enter the tricarboxylic acid cycle 
through acetyl CoA or anaplerotic reactions. Oxidation of these substrates generates 
reducing equivalents in the form of NADH and FADH2, which provide electron 
fluxes through the complexes of the respiratory chain, complex I (NADH dehydro-
genase) and complex II (succinate dehydrogenase). The flow of electrons through 
complexes I and II converges in complex III (ubiquinone-cytochrome c reductase), 
together with electrons from electron transfer flavoproteins (beta oxidation), 
although the mobile electron carrier coenzyme Q as second mobile electron carrier 
transfers electrons to the IV complex (cytochrome c oxidase) where they are finally 
transferred to oxygen, producing water. A gradient of protons (an electrochemical 
gradient) through the inner mitochondrial membrane is generated by the action of 
electron transport through complexes I, III, and IV. The potential energy of this 
gradient is exploited by the V (ATP synthase) complex to phosphorylate ADP to 
ATP [71]. It is clear that the maintenance of the mitochondrial membrane potential 
through the transport of electrons is critical for the proper function of the organelle 
and, therefore, of the cell and of ascending form of organs and systems. 
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6.2 Reactive oxygen species 

In the process of mitochondrial respiration, the generation of reactive oxygen 
species (ROS) is generally a cascade of reactions that begins with the production of 
superoxide O•2. The oxidative stress is defined as an imbalance that favors ROS 
production on antioxidant defenses; most ROS are products of mitochondrial respi-
ration. Approximately 1–2% of the molecular oxygen consumed during the process 
of mitochondria respiration is converted to superoxide radicals. Briefly, the reduc-
tion of an electron of molecular oxygen produces a relatively stable intermediate, 
the superoxide anion (O•2); the importance of this is that it serves as the precursor 
to most ROS. 

Therefore, it is very important to take into account the sources that generate it. 
There is evidence that most of the O•2 generated by intact mammalian mitochon-
dria in vitro is produced by complex I. The production of superoxide—O•2—is 
mainly carried out in the inner mitochondrial membrane (IMM) together with 
complex III [72, 73]. On the other hand, the production of O•2 is stimulated by the 
presence of succinate (substrate of complex II) [74]. Ubiquinone as part of the 
respiratory chain binds complexes I with II and II with III which is also important 
for the formation of O•2 by complex III [75]. Oxidation of ubiquinone—Q cycle— 
and unstable semiquinone also generates O•2 (Figure 2). 

The Q cycle couples electron transfer to proton transport in complex III elec-
trons are passed from QH2 to cytochrome c via complex III (Q-cytochrome c 
oxidoreductase) as described in Figure 2. 

QH2 þ 2cyt coxidized þ 2Hþ matrix (1) 

Q þ 2cyt creduced þ 4Hþ intermembrane space (2) 

Figure 2. 
The flavin adenine dinucleotide (FAD) can be reduced in reactions involving the transfer of two electrons (to 
form FMNH2 or FADH2), but they can also accept one electron to form the semi Quinone. Electron-transferring 
flavoprotein (ETF). Fe-S, iron–sulfur proteins (nonheme iron proteins). The Fe-S take part in single-electron 
transfer reactions in which one Fe atom undergoes oxidoreduction between Fe2+ and Fe3+. Coenzyme Q (Q) 
(also called ubiquinone) (complex I). Cytochrome c, Q-cytochrome c oxidoreductase (complex III), which 
passes the electrons on to cytochrome c; and cytochrome c oxidase (complex IV), which completes the chain, 
passing the electrons to O2 and causing it to be reduced to H2O. Q and cytochrome c are mobile. Q diffuses 
rapidly within the membrane, while cytochrome c is a soluble protein. Mn-SOD, manganese superoxide 
dismutase. 
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Superoxide rapidly dismutates into hydrogen peroxide spontaneously or at a low 
pH is catalyzed by superoxide dismutase. Other elements in the cascade of ROS 
generation are small molecules derived from oxygen, like the following: hydroxyl 
(OH•), peroxyl (RO•2), and alkoxyl (RO•) and certain non-radicals that are oxidiz-
ing agents and/or are easily converted to radicals, such as hypochlorous acid 
(HOCl), ozone (O3), singlet oxygen (½O2), and hydrogen peroxide (H2O2). 
Nitrogen-containing oxidants, such as nitric oxide (NO), are called reactive nitro-
gen species (RNS), and the Fenton reaction catalyzed by iron leads to the generation 
of hydroxyl radical [76, 77]. The dismutation of superoxide anions by superoxide 
dismutases results in the production of H2O2. The mitochondria contribute 20–30% 
of the stable cytosolic concentration of H2O2 [78]; the subsequent interaction of 
H2O2 and O•2 in a Haber-Weiss reaction, or the cleavage of H2O2 driven by Fe2+-
(or Cu2+), can generate the highly reactive hydroxyl radical (OH•). 

The Haber-Weiss reaction [79] may occur as a consequence of oxidative stress. 
The reaction is catalyzed by the iron in oxidation state (III); the first step of the 
catalytic cycle is produced by the reduction of the ferric cation to ferrous cation: 

Fe3þ þ •O� 
2 ! Fe2þ þ O2 (3) 

The second step is a reaction from Fenton: 

Fe2þ þ H2O2 ! Fe3þ þ OH� þ •OH (4) 

6.3 Superoxide dismutases 

Briefly, superoxide dismutases (SOD) are a group of metalloenzymes 
(containing Fe, Mn, or Cu and Zn) that catalyze the disproportionation of superox-
ide free radical (2O•) to form hydrogen peroxide and oxygen as shown below: 

2•O2 þ 2Hþ⇔H2O2 þ O2 (5) 

In some cell types, CuZnSOD is present in the mitochondrial intermembrane 
space, where it can convert O•2 to H2O2, thus permitting further diffusion into the 
cytosol. 

Superoxide rapidly dismutates into hydrogen peroxide spontaneously or at a low 
pH is catalyzed by sequential actions of superoxide dismutase (SOD), and catalase 
converts superoxide into oxygen and water. Other elements in the cascade of ROS 
generation are small molecules derived from oxygen, which also include oxygen 
radicals [80]. 

Because ROS are biologically damaging, they need to be metabolized to prevent 
the damage they can cause when interacting with other compounds, for which the 
cell counts with mechanisms that avoid it like SOD. However, when the formation 
of ROS increases, they have the capacity to deteriorate mitochondrial function and 
jeopardize cell survival in different ways, where the mitochondrion seems to be 
responsible for regulating apoptosis [81]. ROS are a major threat to encode, transfer, 
and transport electrons and generate ATP by directly damaging mitochondrial DNA 
(mtDNA) which encodes 13 polypeptides, 12 transfer RNAs (tRNAs), and 2 ribo-
somal RNAs (rRNAs). All of them are essential in the chain of transport of electrons 
for the production of ATP, so when interacting with them, oxidative phosphoryla-
tion and therefore energy genesis is compromised [67]. ROS, and the release of 
proapoptotic proteins from the intermembrane space of mitochondria, triggers the 
activation of cell death. 
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7. Nicotinamide adenine dinucleotide phosphate oxidase 

7.1 NADPH oxidase 

The heart has the highest oxygen uptake rate in the human body, and the 
oxygen consumption is normally 8–13 mL 100 gˉ1 minˉ1 at rest [82]. The cellular 
sources in the genesis of ROS in the heart include cardiac myocytes, endothelial 
cells, and neutrophils. Within cardiac myocytes, ROS can be produced by several 
mechanisms, including the transport of mitochondrial electrons, NADPH oxidase 
(nicotinamide adenine dinucleotide phosphate oxidase), and xanthine dehydroge-
nase/xanthine oxidase. To meet the high demand for ATP synthesis, cardiac 
myocytes therefore have the highest volume density of mitochondria in the entire 
human body. 

NADPH oxidase with its isoforms generically called NOX is the major source of 
ROS (reactive oxygen species) in biological systems. NOX proteins are involved in a 
plethora of pathophysiological conditions, so it is important to note that the func-
tions of NOX proteins in different tissues are influenced by the activity of other 
oxidases and peroxidases, such as myeloperoxidase, xanthine oxidase, and 
hemoxygenase [83]. 

In the heart, the cardiomyocyte NADPH oxidase seems to be the main source of 
production of ROS from the heart in failure [84, 85]. 

NADPH oxidases are present in phagocytes and in a wide variety of non-
phagocytic cells. NADPH generates superoxide by transferring electrons from 
NADPH into the cell through the membrane and coupling them to molecular 
oxygen to produce superoxide anion. Structurally, NADPH oxidase is an enzyme 
that has several components: it includes two integral membrane proteins, the 
glycoprotein gp. 1 Phox and the adapter protein p22 (phox), which together form 
the heterodimeric b558 flavocytochrome that form the nucleus of the enzyme. 
During the resting state, the multidomain regulatory subunits p40P (phox), p47 
(phox), and p67 (Phox) are located in the cytosol organized as a complex. 
Activation of phagocytic NADPH oxidase occurs through a complex series of 
protein interactions. 

The products that activate it are angiotensin II, endothelin-1, TNF-α, and 
mechanical forces. The cardiomyocyte NADPH oxidase and any other NADPH 
oxidase when stimulated generates large amounts of (O•2), which dismutes to H2O2; 
both in the tissue presence of iron and H2O2, increase the production of ROS, lead 
to the production of the HO• radical; these are highly reactive and can induce 
peroxidative damage of molecules within reach such as lipids, proteins, carbohy-
drates, nucleic acids, and membranes, resulting in the increase of reactive 
substances thiobarbituric acid (TBARS) in patients with heart failure. 

This suggests that some pro-inflammatory products can activate a pathway 
to generate oxidative stress damage through the NADPH oxidase and increase 
the biological damage to the heart by ROS which correlates with left 
ventricular dysfunction [86]. Even more, the fact that NADPH oxidase is 
activated by pro-inflammatory products suggests a link with the genesis of 
oxidative stress. 

Of the infectious processes in the heart on the balance of oxidants and antioxi-
dants in the myocardium little is known. IE in which heart valves are usually 
affected, generating refractory congestive heart failure, is accompanied by a very 
important inflammatory response, both local and systemic with high circulating 
concentrations of IL-6, IL-2R, and IL-1β [87]. In the case of infective endocarditis, 
the interaction of the infectious agent and its products (chemotactic, formylated, 
and lipopolysaccharide peptides) with monocytes and polymorphonuclear cells can 
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increase the production of ROS through the activation of NADPH oxidase, second-
ary to the inflammatory state. 

IE induces an increase of pro-inflammatory cytokines, being able to stimulate 
ROS production in the myocardium and peroxidative damage to several molecules. 
The substances reactive to thiobarbituric acid (TBAR), in a study comparing cardiac 
tissue from patients with IE and patients with valvular heart disease (VHD) of 
rheumatic etiology; TBARs were increased 10 times more in IE than their controls 
with VHD [88]. 

8. Inducible nitric oxide synthase 

In sepsis, endotoxins and cytokines stimulate the expression of inducible nitric 
oxide synthase (iNOS) and the overproduction of nitric oxide (NO) in various 
tissues; it also stimulates the excessive activity of NADPH oxidase that facilitates 
the expression of iNOS to produce large amounts of NO. The NADPH oxidases 
derived from ROS by activating the Jak2-IRF1 and JNK-AP1 pathways are necessary 
for the induction of iNOS. The main mechanism that regulates the activity of 
iNOS is the modulation of the transcription of the iNOS gene. The NO derived from 
iNOS and its metabolite peroxynitrite can contribute to the pathological alterations 
observed in sepsis, such as endothelial dysfunction, hypotension, and multiple 
organ failure [89]. 

The peroxynitrite anion ONOO� 

H2O2 þ NO2 
� ! ONOO� þ H2O (6) 

•O2 
� þ •NO ! ONO2 (7) 

9. Metabolome and proteome 

The composition of metabolites such as amino acids, intermediate products of the 
Krebs cycle, and acylcarnitines (metabolome) and protein complement expressed in 
cells, tissues, or body fluids (proteome) of survivors of sepsis and non-survivors was 
analyzed in patients who studied with sepsis by three different pathogens, S. 
pneumoniae, S. aureus, or E. coli. The main differences between survivors and non-
survivors were those highlighted in their metabolome and proteome. For example, 
nine proteins involved in the transport of fatty acids were decreased in non-survivors 
of sepsis, suggesting a defect in β-oxidation. The nonacceptance and nonuse of fatty 
acids by the mitochondria led to an accumulation of acylcarnitines in the plasma; 
another predictive marker is that glycolysis and gluconeogenesis were also markedly 
different. Survivors of sepsis showed decreased levels of citrate, malate, glycerol, 
glycerol 3-phosphate, phosphate, and glucogenic and ketogenic amino acids, while 
non-survivors showed elevated levels of citrate, malate, pyruvate, dihydroxyacetone, 
lactate, phosphate, and gluconeogenic amino acids [90]. That is to say that the 
pathways for the transport of fatty acids, as well as glycolysis and gluconeogenesis, 
are damaged, so the substrate is low, and they are not used by the mitochondria. 

10. Acetylome 

Acetylome analysis identified a subpopulation of mitochondrial proteins that 
was sensitive to changes in the NADH/NAD+ ratio. Hyperacetylation induced by 
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mitochondrial dysfunction is a positive regulator of pathological remodeling in the 
heart of mice with primary or acquired mitochondrial dysfunction, as well as in 
humans with heart failure. Hyperacetylation of mitochondrial malate–aspartate 
shuttle (MAS) proteins impaired the transport and oxidation of cytosolic NADH in 
the mitochondria, resulting in altered cytosolic redox state and energy deficiency. 
Furthermore, acetylation of oligomycin-sensitive conferring protein at lysine-70 in 
adenosine triphosphate synthase complex promoted its interaction with cyclophilin 
D and sensitized the opening of mitochondrial permeability transition pore. There 
are two different mechanisms that point to the proteins of hyperacetylation, i.e., 
MAS and the regulators of mitochondrial permeability transition pore (mPTP), 
which mediate an increase in heart failure. Both could be fixed by normalizing the 
NAD+ redox balance either genetically or pharmacologically [91]. 

11. Q and cytochrome c 

Q and cytochrome c (Cytc) are mobile. Q diffuses rapidly within the membrane, 
while cytochrome c is a soluble protein that contains a peptide sequence located at 
the C-terminus of the protein [92] that allows it to cross the cell membranes in a 
nontraditional way. This property of Cytc was used in a study in mice, which were 
subject to ligation and cecal puncture; they underwent sepsis and damage to mito-
chondrial respiration, which was restored with the injection i.v. of Cytc [93]. The 
treatment led to an uptake of Cytc into the cardiomyocytes, and survival increased 
from 15% for the sepsis control group to about 50% in mice that were also injected 
with Cytc [94]. 

12. Deregulated apoptosis and multiple organ failure 

The death of cells of the immune system by deregulated apoptosis contributes to 
the dysfunction of the immune system and multiple organ failure (MOF) which is 
observed in sepsis. The immune cells most affected by this dysregulated apoptotic 
cell death appear to be lymphocytes [95]. Extensive lymphocytic apoptosis medi-
ated by caspase-3 in sepsis may contribute to impaired immune response in septic 
patients [96]. Lymphocyte loss occurs by both death receptor and mitochondrial-
mediated apoptosis, suggesting that there may be multiple triggers for lymphocyte 
apoptosis [97, 98]. 

Apoptosis in the immune system is a pathological event in sepsis which has been 
considered a therapeutic goal. Studies on sepsis in experimental animals suggest 
that the loss of lymphocytes during sepsis may be due to deregulated apoptosis and 
that it appears to be secondary to a variety of mediators that carry out both “intrin-
sic” and “extrinsic” cell death pathways. 

In experimental animals, lymphocyte apoptosis is frequently seen 12 h after the 
onset of experimental polymicrobial sepsis in the thymus, spleen, and lymphoid 
tissues associated with the intestine. It has been suggested that deregulated lym-
phocytic apoptosis results in reduced septic survival through loss of lymphocytes, 
resulting in multiple organ failure and ultimately death. Lymphocyte apoptosis in 
the thymus appears to occur 4 h after the onset of sepsis and is independent of the 
effects of endotoxin or death receptors. Apoptosis in the spleen appears to be 
particularly important in mortality from sepsis, by an increase of the splenic apo-
ptosis of lymphocytes in experimental animals after the cecal ligation and puncture 
(CLP) which results in a reduced survival [99]. 
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In septic humans apoptosis does not seem to be generalized, since in these 
patients only extensive lymphocytic apoptosis was demonstrated, which suggests a 
damaged immune response, suggesting that other mechanisms apart from cell death 
participate in the conditions associated with mortality [100]. For example, hyper-
glycemia induces the expression of leukocyte adhesion molecules, such as the 
intercellular adhesion molecule (ICAM) and vascular cell adhesion molecule 
(VCAM), which is suppressed by treatment with insulin. Another example is the 
impairment induced by hyperglycemia in the function of neutrophils, including 
chemotaxis, phagocytosis, and respiratory function, which is attenuated with 
insulin [101]. 

13. Conclusions 

As we observed, the epidemiology of IE has changed over time. S. aureus is 
currently the most important pathological agent as a cause of IE [4, 102]. The age 
group with greater participation is the older adult due to their comorbidities, espe-
cially cardiac ones, with the need for valve prosthesis placement, and vascular 
approach for the placement of cardiac pacemakers. 

The existence of an immunogenetic influence in the risk and outcomes of infec-
tious diseases has been well stablished. In the cases of IE and sepsis, investigation is 
ongoing to clearly define the specific genetic anomalies that contribute to this 
influence. The study of SNPs has been a good start in the understanding of the 
phenomena; nevertheless at the light of the information derived from their study, 
they do not seem sufficient to explain the whole participation of genetics in the 
sepsis and IE equation. Other types of genetic abnormalities might also participate, 
and it might be worth exploring [103]. Even though there is a large body of studies 
with positive results, there are also lots of contradictory and conflicting findings 
that make it difficult to make definitive conclusions. Even more, according to a 
systematic review made to determine the methodological quality of SNP association 
studies with sepsis, most of the studies could improve a lot methodologically 
speaking in terms of control group selection, genetic assay technique, study 
blinding, statistical interpretation, study replication, study size, and power. 

Finally, the sequence of events that begin with an infectious state, such as IE, 
alerts and promotes inflammation through the immune system, both cellular and 
humoral to eliminate the infectious agent; however, this has the ability to evade the 
immune system. 

In its evolution, the germ also generated the possibility of survival through the 
acquisition of resistance to external agents, such as antibiotics, which can perpetu-
ate the septic process, increasing the production of reactive O2 species both locally 
(cell-mitochondria) and systemic level (neutrophil-monocytes-macrophage-
endothelium) together with the products that generate the interaction infectious 
agent-immune system. 

The activity of antioxidant enzymes is exceeded, so that ROS cannot be elimi-
nated, generating a state of oxidative stress, with a profound effect on the mito-
chondrial level by breaking the chain of electron transport, and, consequently, the 
genesis of the energy is compromised. 

The repercussion of this sequence of events, both at the cardiac level and at the 
systemic level, is manifested by the failure of one or several organs. 

In a schematic way, the sequence of events of a patient with IE who has a severe 
evolution and finally dies of multiple organ failure is shown (Figure 3). 

Different studies explore areas of compromise such as metabolome and prote-
ome in which it is observed that glycolysis, gluconeogenesis, and fatty acid 
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Figure 3. 
Schematic representation of the sequence of events of a patient with IE who has a severe evolution and finally 
dies of multiple organ failure. 

transport are damaged, so the substrate is low and the few substrates are not used 
by the mitochondria, which generates attention in processes to be repaired. 

In another (acetylome) the possibility of normalizing the NAD + redox 
balance is observed both genetically and pharmacologically in the treatment of 
heart failure [91]. 

The observations of the behavior of cytochrome c, being a mobile complex 
molecule and crossing cell membranes, made it possible for cytochrome c to enter 
into cardiomyocytes to improve mitochondrial respiration, improving the survival 
of septic mice [92–94]. This open a very attractive opportunity in the treatment of 
septic patients with heart failure as in IE when in the future we use complex 
molecules, i.v., in the treatment of these patients. 

There are still many areas in which it is necessary to continue researching in 
the clinical area as well as in the bacteriological, biochemical, and biomolecular 
areas in addition to other types of tools to observe systemic inflammation, through 
mathematical modulation and systems-based models of inflammation [104, 105], 
and the severity of a septic patient due to the complexity of losing the cardiac 
bioelectrical signal and how it recovers the complexity if the patient survives the 
septic event have also been considered [106]. 
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Acronyms and abbreviations 

MRSA methicillin-resistant Staphylococcus aureus 
HssRS hem sensor system 
hrtAB hem regulator transporter 
bNOS nitric oxide synthase hemoprotein 
TNF tumor necrosis factor alpha 
IL interleukin 
HMGB1 high-mobility group box 1 protein 
GRO alpha growth-regulated oncogene 
RANTES regulated upon activation, normal T-cell expressed, and 

secreted 
EE endocardial endothelium 
Et-1 endothelin-1 
ON nitric oxide 
PG prostaglandins 
VEGF vascular endothelial growth factor 
SNP single-nucleotide polymorphism 
GWAS genome-wide association studies 
LPS lipopolysaccharides 
A adenosine 
G guanine 
PBMC peripheral blood mononuclear cells 
IL-RNa* The interleukin 1receptor antagonist gene 
APACHE II score acute physiology and chronic health evaluation 
SIRS systemic inflammatory response syndrome 
ICU intensive care unit 
TLR toll-like receptor 
MyD88 adaptor-like protein 
FER gene tyrosine-protein kinase 
TREMs triggering receptor expressed on myeloid cells 
ADP adenosine diphosphate 
NADH nicotinamide adenine dinucleotide phosphate 
FADH flavin adenine dinucleotide 
ROS reactive oxygen species 
IMM inner mitochondrial membrane 
OH• hydroxyl 
RO•2 peroxyl 
RO• alkoxyl 
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HOCl hypochlorous acid 
O3 ozone 
½O2 singlet oxygen 
H2O2 hydrogen peroxide 
RNS reactive nitrogen species 
SOD superoxide dismutases 
2O•2 superoxide free radical 
CuZnSOD copper, zinc-superoxide dismutase 
mtDNA mitochondrial DNA 
tRNAs transfer RNAs 
rRNAs ribosomal RNAs 
NOX NADPH oxidase generically called 
phox adapter protein p22 
TBARS reactive substances thiobarbituric acid 
iNOS inducible nitric oxide synthase 
NO nitric oxide 
JNK-AP1 Jak2-IRF1 pathway genes (IFNGR1, IFNGR2, JAK1, JAK2, 

STAT1, IRF1) 
MOF multiple organ failure 
MODS multi-organ dysfunction syndrome 
CLP cecal ligation and puncture 
ICAM intercellular adhesion molecule 
VCAM vascular cell adhesion molecule 
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Chapter 6 

Non-bacterial Thrombotic 
Endocarditis 
Carmen Busca-Arenzana, Angel Robles-Marhuenda, 
Luis Ramos-Ruperto and Jorge Alvarez-Troncoso 

Abstract 

Non-bacterial thrombotic endocarditis or also called verrucous endocarditis or 
Libman-Sacks endocarditis or marantic endocarditis is a rare entity, still unknown 
physiopathology, which is characterized by the formation of sterile vegetations at 
the valvular structures. These vegetations of platelet aggregates and fibrin are sterile 
by definition, so for its definitive diagnosis, it is essential to rule out an infectious 
endocarditis. It is mainly diagnosed by echocardiography in patients with neoplasms 
or systemic autoimmune diseases. Its main complication is the formation of multi-
systemic embolisms, preferably at the brain level, so anticoagulation will be funda-
mental in the treatment and evolution of non-bacterial thrombotic endocarditis. 

Keywords: Libman-Sacks endocarditis, marantic endocarditis, 
non-bacterial thrombotic endocarditis, non-infective endocarditis, 
verrucous endocarditis 

1. Introduction 

Non-bacterial thrombotic endocarditis (NBTE) is a rare entity in which a state of 
hypercoagulability predisposes to the formation of sterile vegetations in heart valves 
and secondary systemic embolisms, mainly in the central nervous system. In many 
occasions, the diagnosis is made postmortem, finding up to 0.2% of the autopsies of 
the general population [1]. The pathogenesis is unknown, being associated mainly 
with the existence of neoplastic processes and systemic autoimmune diseases (mainly 
in systemic lupus erythematosus (SLE) or antiphospholipid syndrome (APS)). 

For the diagnosis it is necessary to demonstrate the presence of valvular vegeta-
tions by echocardiography, ruling out the existence of an underlying infection. 
There is no specific treatment, so it is recommended to control the predisposing 
disease and the initiation of anticoagulation to avoid the production of systemic 
embolisms [2]. 

2. Epidemiology and etiology 

The NBTE is a rare pathology, whose diagnosis occurs generally in autopsies, 
being present in 0.9–1.2% of them, according to the series [3]. However, it is 
believed to be an underdiagnosed entity. It is described at any age, although it is 
more prevalent in patients between 40 and 80 years of age. Children tend to present 
milder clinical forms, with a lower number of systemic embolisms [4]. 
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Infective Endocarditis 

a.Malignancy 

• Mucin-secreting and pancreatic adenocarcinoma 

• Lung malignant neoplasm 

• Ovary carcinoma 

• Colon carcinoma 

• Prostate carcinoma 

• Cholangiocarcinoma 

• Lymphoma 

b. Systemic autoimmune diseases 

• Systemic lupus erythematosus 

• Antiphospholipid syndrome 

• Systemic vasculitis 

° Giant cell arteritis 

° Behçet disease 

° Takayasu’s arteritis 

° Polyangiitis with granulomatosis 

c. Hypercoagulability states 

• Protein S and C deficiency 

• Disseminated intravascular coagulation 

• Thrombotic microangiopathy 

° Thrombotic thrombocytopenic purpura 

° Catastrophic antiphospholipid syndrome 

d.Chronic inflammatory status 

• Tuberculosis 

• Uncontrolled HIV 

• Chronic pyelonephritis 

• Chronic osteomyelitis 

e. Others 

• Adenomyosis 

• Hypereosinophilic syndrome 

• Chronic alcoholism 

• Chronic renal insufficiency 

• Heart failure with valvulopathy 

• Toxic oil syndrome 

Table 1. 
Causes of NBTE. 

The neoplastic disease, generally advanced, is the main risk factor for the 
development of NBTE. If compared with the general population, this subgroup 
has a higher risk of presenting it (1.25 vs. 0.2%, respectively) according to a series 
of autopsies [5, 6]. The adenocarcinomas (i.e., colon, ovary, lung) are the most 
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frequent tumors, observing a greater number of cases in the pancreatic and mucin 
secretors. Other pathologies that are associated are the SLE and the APS. In the 
SLE, different observational studies show a prevalence ranging between 6 and 11%, 
being more frequent among lupus patients with antiphospholipid antibodies [7]. 
Although exceptionally, NBTE can be a complication of systemic infections such 
as tuberculosis and HIV, and cases have been described in the context of uremia, 
adenomyosis, and even giant cell arteritis [8]. It should be said that in the cases 
mentioned of infectious etiology (i.e., tuberculosis, HIV), the development of 
NBTE is not determined directly by microorganisms, but by alterations in coagula-
tion induced by the underlying chronic inflammatory process (Table 1). 

3. Pathogenesis 

NBTE is a type of noninfectious endocarditis whose physiopathology continues 
to be unknown. It is characterized by the deposition of sterile platelet thrombi in 
the heart valves. In certain situations of hypercoagulability, endothelial damage 
occurs that favors the migration of mononuclear inflammatory cells and platelet 
deposition, being these responsible for the formation of fibrin thrombi and immune 
complexes (thrombi known as “white thrombus”). The term Libman-Sacks is used 
when you see a large thrombus or “wart” (verrucous endocarditis). 

One of the main and differential characteristics of this entity is that the valvular 
vegetations must always be sterile (unlike infectious endocarditis (IE)). The mitral 
and aortic valves are the most frequently affected (rare right endocarditis), and it 
is common for NBTE to appear on healthy native valves, endocardium, or chordae 
tendineae. 

Unlike IE, vegetations of the NBTE are more friable because they develop on a 
tissue with an important inflammatory reaction. This makes them more likely to 
produce systemic embolisms. They are located in the valvular coaptation lines and 

Figure 1. 
ETE-3D: Three-dimensional view of the aortic valve showing a rupture of the left coronary leaflet with 
images suggesting multiple vegetations of the valve in a 56-year-old man with Libman-Sacks endocarditis and 
SLE. ETE-Velos: Short axis view of the aortic valve showing a rupture of the left coronary leaflet with images 
suggesting thickening and multiple vegetations in the leaflets. 
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are generally not accompanied by destruction of the valvular tissue. In terms of 
their size, they tend to be smaller and develop on a broad and irregular basis [9]. 

In NBTEs associated with malignancy, it is believed that macrophages interact 
with tumor cells, causing a migration of cytokines (tumor necrosis factor, interleu-
kin-1, etc.) that produces endothelial tissue damage and the formation of friable 
thrombi due to the deposition of platelets. On the other hand, the macrophage-
tumor cell interaction favors overactivation of the coagulation cascade, which in 
turn worsens the state of hypercoagulability that underlies the process. For this 
reason, NBTE tends to develop around areas of greater valve turbulence [3]. 

Libman-Sacks endocarditis is the most characteristic cardiac manifestation of 
SLE, with pericarditis being the most frequent cardiac manifestation [10]. It was first 
described in 1924, by Libman and Sacks at Mount Sinai Hospital in New York. From the 
macroscopic point of view, these deposits, usually located on the ventricular surface of 
the posterior leaflet of the mitral valve, are translated into vegetations with progressive 
growth or only thickening of the leaflets (Figure 1). The classic histopathological lesion 
consists of a deposit of fibrin and mononuclear cells. The immunofluorescence reveals 
immunoglobulin deposit and complement. Valvular involvement is usually silent and 
occurs in approximately half of patients with SLE, although in some cases valvular 
dysfunction can be the origin of heart failure. As in other NBTEs, the mitral and aortic 
valves are affected more frequently than those on the right side, with valvular insuf-
ficiency prevailing over the stenosis. The presence of lupus anticoagulant increases the 
risk of suffering thrombotic and embolic phenomena in these patients [11]. 

4. Clinical presentation 

NBTE is characterized as an asymptomatic disease in early stages, whose most 
frequent initial manifestation is the presence of systemic embolisms. Although it 
can occur at any age, it is believed that young patients are less likely to suffer from 
embolic phenomena at a distance. 

The clinic of valvular dysfunction (in the form of heart failure, syncope, etc.) usu-
ally appears in more advanced stages of the disease, and although it is recognizable by 
echocardiographic studies, they usually have little hemodynamic repercussion, except 
in advanced cases or the presence of large masses. The development of heart failure is 
present in less than half of patients with underlying valvular dysfunction. 

4.1 Characteristics of embolisms 

Given the rarity of this entity, the incidence of embolisms at the systemic level is 
not known. It is believed that it can appear from 14 to 91% of the NBTE. The embo-
lisms, some with hemorrhagic transformation, are more frequent in cases associated 
with malignancy [12]. In these patients, embolisms are evident in up to 50% of the 
cases, the most frequent clinical form being the central nervous system involvement. 

Patients with NBTE usually debut in the form of multiple embolisms, especially 
distributed throughout the brain territory in the form of multiple infarcts (some-
times casual diagnosis after performing brain imaging tests). This contrasts with IE, 
where typically infarcts are usually focal and/or localized. 

4.2 Signs and symptoms 

Most patients are asymptomatic during the early stages of the disease. In fact, the 
appearance of fever, weight loss, and night sweats is uncommon, and its presence 
should guide us in the search for an underlying neoplastic process. On the other hand, 
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Figure 2. 
ETT-IM: Four-chamber color view showing a jet of severe mitral regurgitation in a 48-year-old man with 
catastrophic antiphospholipid syndrome. 

the association of arthritis, photosensitive skin lesions, and arterial and/or venous 
thromboses requires screening for systemic autoimmune diseases (SLE or APS). 

The typical form of presentation (in more than half of the cases) derives from 
the symptoms and signs that occur as a result of the presence of systemic embo-
lisms. Although they can be produced in different organs (CNS, kidney, spleen, 
skin, etc. ), in 50% of cases, embolisms are observed at the pulmonary level, 
sometimes in the absence of valvular lesions in right cardiac cavities [13]. 

Sometimes the symptoms may be mild or nonspecific, such as hematuria, 
lumbar pain, and rash, in the context of renal, splenic, or cutaneous embolisms, 
respectively. However, the presence of coronary and CNS lesions is more specific 
and helps the diagnosis more early (chest pain, psychomotor agitation, delirium, 
stroke, etc.). The debut in the form of valvular insufficiency or decompensated 
heart failure is very infrequent [14] (Figure 2). 

5. Diagnosis 

The diagnosis of NBTE is a challenge for the clinician (which is why it is often 
diagnosed after carrying out necropsies) and not only due to the lack of specificity 
of the clinic but also because it occurs in advanced stages of the disease. 

The diagnosis of NBTE is made through a high clinical suspicion after observing 
systemic manifestations derived from systemic embolisms and after performing comple-
mentary imaging tests (echocardiogram and transesophageal echocardiography mainly) 
that confirm the presence of valvular vegetations. However, the definitive diagnosis can 
be obtained after histologically demonstrating the presence of platelet thrombi at the 
level of the cardiac valves. It is a rare phenomenon, since valvular biopsies are not per-
formed routinely. For this, it is essential to rule out the presence of a systemic infection 
and to identify the underlying etiology (mainly autoimmune neoplasms and diseases). 

It is necessary to make a correct differential diagnosis that includes IE, degener-
ative valvular disease, rheumatic valvular disease, and normal anatomic variants. 
Applying the modified Duke’s criteria can help establish the IE diagnosis [15]. 
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Therefore, we should suspect an NBTE in those patients with active neoplasia, 
SLE or, APS who present coronary or CNS ischemia or, in the absence of said 
predisposing pathologies, in those cases in which we suspect an IE (without 
microbiological findings) that does not respond adequately directed empirical 
antibiotic treatment and that evolves torpidly with a greater number of systemic 
embolisms. 

5.1 Laboratory and microbiology test 

There are no specific analytical tests that suggest the presence of an 
NBTE. Depending on the causative disease, we can find analytical alterations that 
support or not a diagnosis. A complete blood test should be performed, including 
blood count, biochemistry, liver test, and coagulation panel. In some patients with 
NBTE, data of disseminated intravascular coagulation can be evidenced. In case 
of suspicion of autoimmune disease, a complete immunological study should be 
requested, mainly from SLE and APS (including antinuclear antibody, anti-double-
stranded DNA, and antiphospholipid antibodies). It will be necessary to carry out a 
screening of the most frequent types of neoplasms taking into account the sex, the 
comorbidities, and the age range of the patient. 

Many authors suggest that before diagnosing an NBTE, it is essential to rule 
out an IE after carrying out different microbiological tests. In fact, at least three 
sets of blood cultures must be made before any suspicion of IE. Sometimes blood 
cultures in the presence of valvular vegetations can be persistently negative 
and do not rule out the presence of IE (called “culture-negative endocarditis”). 
For this reason, cultures of other biological fluids (urine, feces, etc.) should be 
performed, and serology and PCR should be performed on those less frequent 
or “atypical” microorganisms that can also cause IE (e.g., Brucella spp., Coxiella 
burnetii, Legionella, etc.) (Table 2). 

5.2 Radiological image tests 

The performance of radiological image tests will depend on the symptom-
atology that the patient presents, since they will provide information in those 
cases of complicated NBTE. In chest X-ray, we can observe data that suggest 
heart failure (cardiomegaly, pleural effusion, etc.). Cranial computed tomog-
raphy (CT) and magnetic resonance (MR) imaging are very useful for the 
diagnosis of cerebral embolisms, since if we suspect an NBTE, multiple infarcts 
will be observed, widely distributed, heterogeneous in size, and mainly isch-
emic. Cardiac MR or positron emission tomography may help in the differential 
diagnosis. 

1. Previous antibiotic treatment 

2. Technical problems with microbiological diagnosis 

3. Acute renal failure or renal insufficiency 

4. Ventricular or atrial septal defects, cardiac thrombi post-acute coronary disease, or cardiac pacemaker 
infection 

5. Unusual microorganisms (Brucella spp., Coxiella burnetii, Bartonella spp., Legionella spp., Mycoplasma 
spp., Tropheryma whipplei, mycotic infections, and HACEK group infections—Haemophilus spp., 
Aggregatibacter spp., Cardiobacterium hominis, Eikenella corrodens, and Kingella species) 

Table 2. 
Culture-negative endocarditis causes. 
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5.3 Echocardiography 

In those patients with suspected NBTE, a two-dimensional transthoracic echo-
cardiography (TTE) should be performed to demonstrate the presence of vegeta-
tions or valvular thickening (Figure 3). Vegetations in the NBTE usually appear 
in left valves, with the mitral valve most frequently affected (up to 75% of cases) 
followed by the aortic valve. Several valves can be affected simultaneously, although 
it is usually an uncommon finding (Figure 4). 

Figure 3. 
ETE-2C: Mid-esophageal two-chamber view showing a 28-mm vegetation in the mitral valve. 

Figure 4. 
ETE-2C: Mid-esophageal two-chamber color view. A vegetation in the mitral valve can be visualized. A severe 
mitral regurgitation jet is shown in this figure. 
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However, TTE has several limitations. Small vegetations (below 5 mm) may go 
unnoticed, so if the clinical suspicion is still high, there is an indication to perform a 
transesophageal echocardiography (TEE), since it is more sensitive and specific than 
the TTE in detecting smaller vegetations. Do not forget that very small vegetations 
(<3 mm) cannot be detected by both types of echocardiogram, being able to obtain 
“false negatives.” If the clinical suspicion persists, echocardiographic study should be 
repeated after a prudential time. Although TTE is less sensitive and specific than TEE, 
it should always be performed not only to confirm the presence of endocarditis but 
also to evaluate other fundamental parameters such as function and cardiac volumes. 

Although the echocardiogram is essential in the diagnosis of valvular vegeta-
tions, it will not be useful for the differential diagnosis of the type of endocarditis 
(thrombotic infection vs. aggregations of platelets and fibrin). 

5.4 Histology 

Although the definitive diagnosis is histological, most of the anatomopathologi-
cal tests of valvular vegetations are obtained from necropsies or after valve replace-
ment after the finding of a severe dysfunction or insufficiency, being very rare the 
biopsies of tendinous, valvular cords, or endocardial. 

6. Treatment and management 

There is no specific treatment for NBTE. The two basic pillars are systemic 
anticoagulation and targeted specific treatment of the associated disease (che-
motherapy, corticosteroids, etc.). In general, surgery by means of intervention, 
debridement, or valve replacement is usually not necessary and is rarely indicated. 

6.1 Anticoagulation 

Anticoagulant treatment is essential in the management of NBTE since it aims 
to prevent the production of systemic embolisms. In fact, unlike EI, these patients 
have an indication for anticoagulation for long periods of time or even indefinitely 
(unless absolutely contraindicated), regardless of whether embolic phenomena are 
observed or not. This fact is based on the fragility of the vegetations and the recur-
rent tendency to systemic embolization, especially in the absence of antithrombotic 
therapy. It should always be anticoagulated with a double objective: preventive and 
therapeutic. There are no published randomized clinical trials or prospective stud-
ies, so the recommendations are based on case series and retrospective studies and 
are supported by the American College of Chest Physician’s antithrombotic therapy 
for valvular heart disease guidelines [16]. 

Anticoagulation will be carried out by subcutaneous low molecular weight hepa-
rin or intravenous unfractionated heparin at anticoagulant doses. All the evidence 
published to date supports the use of this pharmacological family and does not 
recommend the use of warfarin, direct thrombin, nor factor Xa inhibitor (direct 
oral anticoagulants like apixaban, rivaroxaban, dabigatran, or edoxaban) especially 
in patients with active neoplastic disease since they seem to have less efficacy in the 
reduction of systemic embolisms. There is no data to support the use of the new 
anticoagulants. Recently the first case of cancer-associated non-bacterial thrombotic 
endocarditis in the era of direct oral anticoagulants was published where a patient with 
a previous history of thromboembolic disease developed a NBTE with vegetations and 
multiple cerebral embolisms in the context of a pancreatic adenocarcinoma despite 
being under treatment with rivaroxaban at optimal doses [17]. This case supports the 
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need to carry out more studies that help to elucidate the physiopathogenic mechanisms 
of the NBTE with the aim of achieving an optimal anticoagulant regimen. 

The most frequent complications are life-threatening bleeding and thrombocy-
topenia. The development of any of these complications will force clinicians to raise 
the risk-benefit of their use and therefore to value discontinuing their use. 

6.2 Surgery 

In general, indications for valve replacement or vegetation excision are very lim-
ited in the NBTE. The main objective of surgery in the NBTE is to reduce or prevent 
the production of systemic embolisms. Because there are no prospective clinical 
trials, the same recommendations should be followed as in patients with IE [18]. 

However, unlike IE, we will try to preserve the valve as much as possible and 
focus all the objectives in controlling the state of hypercoagulability by treating 
predisposing disease. 

When deciding whether a patient is going to benefit from surgery, it is essential 
to assess the risk-benefit individually. The surgical repair of heart valve is prefer-
able (it is less aggressive, has less mortality, and in general decreases the need for 
postoperative anticoagulation), with respect to valve replacement. The latter will 
be considered depending on the complications and the degree of destruction or 
valvular insufficiency. We must take into account the prognosis of life and morbid-
ity and mortality, especially in patients with advanced neoplastic diseases. Although 
there is little evidence, it is believed that anticoagulation should be maintained after 
surgery, especially in patients with systemic autoimmune diseases (mainly in APS). 

6.3 Treatment for underlying disease 

The treatment of neoplasia or systemic autoimmune disease is a fundamental 
pillar in the management of NBTE. It is very probable that at the time of diagnosis 
of the neoplasm, distant metastases are already observed, which will consider-
ably reduce the probability of therapeutic success. The same is not true in patients 
with SLE, where NBTE can be diagnosed at any time and whose presence does not 
correlate with the activity index. The treatment of patients with lupus valve disease 
includes prophylaxis of endocarditis, antiplatelet or anticoagulant treatment in 
selected cases, and valvular replacement when valvular involvement is severe; the 
role of corticosteroid treatment in the evolution of valvular disease is still undeter-
mined. Regarding the type of surgical intervention, there are controversies. Some 
authors suggest the superiority of mechanical prostheses in this type of condition 
over bioprostheses, including cryopreserved homografts, as these can contract 
lupus valvulitis on the new valve. However, other authors have advocated recon-
structive surgery to avoid the disadvantages of a mechanical prosthesis in young 
patients who usually require high doses of steroids and anticoagulant therapy [19]. 

It is unknown whether NBTE improves with antineoplastic therapy, and there-
fore it is believed that anticoagulation should be maintained independently of the 
response to treatment of the underlying disease. 

7. Evolution and prognosis 

7.1 Follow-up 

The follow-up should be individualized depending on the characteristics and 
morbidities of each patient. It will be necessary to take into account possible 
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complications of the disease or treatment: systemic embolization, bleeding, or 
thrombocytopenia. It will be necessary to periodically perform echocardiograms to 
monitor valve function, control the development of new vegetations (or check their 
resolution), as well as monitor the appearance of an IE concomitantly. 

7.2 Prognosis 

The prognosis of NBTE has not been correctly evaluated in prospective studies. 
In general, the prognosis of these patients is poor, although it will depend on the 
type of disease and the type or location of the complications, independently of the 
anticoagulant treatment. 

8. Conclusions 

• The NBTE is an entity characterized by the presence of vegetations of noninfec-
tious origin constituted by fibrin and platelet accumulations with high emboligenic 
potential. 

• The most frequent etiologies are neoplasms (especially carcinoma of the pancreas) 
in an advanced or disseminated phase, without forgetting the systemic immune-
mediated processes such as lupus. 

• Embolism and valvular dysfunction are the two most frequent complications 
found in NBTE. The incidence of systemic embolisms is around 50% in malignant 
NTBE, with neurological manifestations being the most common. 

• The therapeutic attitude in these patients should be directed toward the con-
trol of the underlying disease and the hypercoagulable state or the treatment of 
the embolisms. 
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Chapter 7 

Cardiac Implantable Electronic 
Device-Related Infections 
Måns Almqvist, Gustav Mattsson, Robin Razmi 
and Peter Magnusson 

Abstract 

The use of cardiac devices, that is, pacemakers and implantable cardioverter 
defibrillators, has increased, and the incidence will likely continue to increase due 
to an aging population with associated risk factors. Unfortunately, this implies an 
increasing number of complications, including infections. Cardiac device-related 
infection is a dreaded complication causing both increased morbidity and mortality, 
and considerable costs. Because of the presence of a foreign body in subcutane-
ous tissue, vasculature, and the heart, patients with cardiac device systems are at 
increased risk of endocarditis due to microbial agents. In general, an infected device 
system should be removed in its entirety. The timing of reimplantation varies due to 
indication and severity of the infection. Furthermore, the explant procedure may be 
complicated and should be performed by an experienced team including facilities to 
handle life-threatening complications. The subcutaneous implantable cardioverter 
defibrillator or leadless pacemaker can serve as an option in selected cases. This 
chapter will describe clinical aspects of cardiac device-related infections. 

Keywords: cardiac device, endocarditis, infection, implantable cardioverter 
defibrillator, pacemaker 

1. Introduction 

Infective endocarditis (IE) is a potentially lethal disease. First described by 
Osler more than a century ago, it remains associated with a considerable burden 
of complications and death [1–3]. In fact, the incidence has increased over the 
years—in part reflecting a growing number of comorbidities in an aging popula-
tion. Improvements in cardiovascular health care have not only contributed to 
increased life expectancy but also to a growing number of patients living with 
underlying cardiovascular pathologies that constitute risk factors for IE. Thus, 
endocarditis can be described as an adverse consequence of medical advances. This 
is certainly valid in the case of endocarditis affecting cardiac implantable electronic 
devices (CIEDs). Since the introduction of the pacemaker as a routine treatment 
for bradyarrhythmias in the 1960s, a rapid evolution of technology has resulted 
in several new implantable devices. CIEDs also include implantable cardioverter 
defibrillators (ICD) and cardiac resynchronization therapy (CRT). Today, device 
therapy is an essential therapeutic modality of cardiovascular care. It has extended 
the life span of patients and also improved health-related quality of life. Nowadays, 
approximately 1.2 million CIEDs are implanted each year worldwide [4]. 
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This highly conventional and routine device treatment is however clouded by 
its potentially devastating complications. CIED infection is a severe complication 
associated with high mortality [5, 6]. The implantation rate is increasing glob-
ally and US data indicate that this is coupled with increased implantation in older 
patients with more co-morbidities. An increased use of more complex device 
systems also implies higher risks. All of this contributes to an end result of more 
CIED infections. As the disease panorama and indications are similar in large parts 
of the world, a similar increase outside the US seems inevitable. 

A CIED infection can be challenging to diagnose and treat. It may involve the 
generator pocket, the leads, the endocardial structures, or a combination thereof. 
Involvement of endocardial structures including valves implies higher mortality. 
Diagnostic difficulties can be even greater than in IE because echocardiography is 
less accurate, blood cultures are less sensitive, and the diagnosis is sometimes not 
considered because of unspecific symptoms. Attempts to salvage infected devices 
are often unsuccessful. In this chapter, we present an outline of current recommen-
dations regarding prevention, diagnostics, and management of CIED infections. 

2. Technology and terminology 

Cardiac device management involves many technical details. For those less 
familiar with these procedures, we recommend the supplementary appendix of a 
recent review [7]. In addition to an outline of the generators, leads, and materials 
used in CIEDs, it also describes the normal step-by-step procedures of implanting, 
revising, and removing CIEDs. Abbreviations are both abundant and inevitable in 
this field and are summarized at the end of this chapter. 

3. Definition and categorization of CIED infection 

There are no universally agreed definitions of CIED infection. Previously used 
definitions have varied, but common starting points have been the site or sites of 
infection on one hand and the signs of probable infection on the other [8, 9]. One 
common and theoretically simple distinction is between local device infection and 
infection also affecting the blood stream, leads, and/or cardiac valves. However, in 
clinical practice, it is sometimes difficult to differentiate between these categories 
[5]. The lack of a golden standard calls for a clear presentation of used criteria. Our 
proposed classification, summarized below, is a synthesis of earlier studies, recom-
mendations, and guidelines [7, 10, 11]. 

In short, we suggest six different categories relevant when CIED infection is 
considered. These are presented in Table 1, besides basic strategies for device and 
antibiotic management. The first of three categories involving the generator pocket 
is not a definite infection but rather early post-implantation inflammation. These 
superficial signs of wound inflammation are expected to wear off shortly, when 
suspected causes such as sutures or dressing are removed. However, as they also can 
be an early sign of infection, close observation is recommended. 

Actual infections can be categorized as complicated or uncomplicated 
pocket infection based on whether they also involve blood stream infection. 
Echocardiography and the modified Duke criteria can be used to classify more exten-
sive infections: suspected or definite lead infection (CIED-LI), and CIED-associated 
infective endocarditis affecting the heart valves (CIED-IE) [12]. A large proportion 
of patients end up as “possible CIED-LI”. Diagnosing a definite and isolated CIED-LI 
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Diagnostic classifications Device an antibiotic strategy Treatment duration*** 

Early post-implantation 
inflammation 
Erythema near the incision site 
within 30 days of implantation 
WITHOUT any of the following: 
- purulent exudate, 
- dehiscence, 
- fluctuance, 
- systemic signs of infection* 

A small area (<1 cm) of erythema 
and purulence next to a stich, 
(stich abscess), is also included in 
this category. 

- No need for device extraction. 
- Remove suspected cause (stitches 
or local dressing/skin preparation) 
- Consider observation only or short 
oral empiric antibiotic therapy and 
expect clinical resolution within 
2 weeks. 
Close observation as this can be early 
signs of pocket infection. 

Consider 7–10 days 
of flucloxacillin. For 
penicillin-allergic or 
MRSA-colonized patients, 
consider clindamycin. 

Pocket infection—uncomplicated 
One or more of the following: 
- spreading cellulitis around the 
pocket, or 
- incision site purulent exudate 
(excluding stitch abscess), or 
- wound dehiscence, or 
- erosion through skin with 
exposure of generator or leads,** 

or 
- fluctuance (abscess) or fistula 
formation 
AND: negative blood cultures 
AND: no signs of systemic 
infection 

- Device removal recommended 10–14 days iv (if no 
- Commence intravenous empiric complications occur) 
antibiotic therapy targeting 
Gram-positive (including MRSA) 
bacteria. (Treatment for Gram-
negative bacteria will depend on 
susceptibility testing after blood 
cultures for this group). 
- Start targeted treatment after 
results from blood cultures. 

Pocket infection—complicated 
As uncomplicated pocket 
infection, but WITH: 
- positive blood cultures, or 
- evidence of lead or endocardial 
infection, or 
- symptoms/signs of systemic 
infection. 

- Device removal recommended 
- Commence intravenous empiric 
antibiotic therapy targeting both 
Gram-positive (including MRSA) 
and Gram-negative bacteria. 
- Start targeted treatment after 
results from blood cultures. 

Treat as CIED-IE or 
CIED-LI depending on the 
nature of complication. 

Definite CIED lead infection 
(CIED-LI) 
Symptoms/signs of systemic 
infection 
NO signs of generator pocket 
infection 
AND: echocardiography 
consistent with lead vegetations 
AND: presence of major Duke 
microbiological criteria [12] 
OR: 
Symptoms/signs of systemic 
infection 
NO signs of generator pocket 
infection 
AND culture, histology, or 
molecular evidence of infection 
on explanted lead 

- Device removal recommended 
- Commence intravenous empiric 
antibiotic therapy targeting both 
Gram-positive (including MRSA) 
and Gram-negative bacteria. 
- Start targeted treatment after 
results from blood cultures. 

For isolated CIED-LI 
consider short course, 
2 weeks of treatment 
after device removal. 
If any uncertainty (as 
when tricuspid valve 
is not normal or “ghost 
lesions” remain after 
device removal): treat as 
CIED-IE. 
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Diagnostic classifications Device an antibiotic strategy Treatment duration*** 

Possible CIED-LI: 
Symptoms/signs of systemic 
infection 
AND: echocardiography consistent 
with lead vegetations 
NO major Duke microbiological 
criteria present 
OR: 
symptoms/signs of systemic 
infection 
AND: major Duke criteria present 
NO echocardiographic evidence of 
lead vegetations 

- Consider device removal during 
continued observation with repeated 
echography and repeated blood 
cultures. (For details about patient 
evaluation, see 8. Diagnosis) 
- Commence intravenous empiric 
antibiotic therapy targeting both 
Gram-positive (including MRSA) 
and Gram-negative bacteria. 
- Start targeted treatment after 
results from blood cultures. 

Continue initial iv 
treatment until diagnosis 
is established or ruled out. 

CIED-associated endocarditis, 
CIED-IE 
Duke criteria for definite 
endocarditis satisfied, with 
echocardiographic evidence of 
valve involvement 

- Device removal recommended 
- Commence intravenous empiric 
antibiotic therapy (Table 5) 
targeting both Gram-positive 
(including MRSA) and Gram-
negative bacteria. 
- Start targeted treatment after 
results from blood cultures. 

Native cardiac structures 
involved: 4 weeks iv 
Extracardiac foci (e.g. 
skeleton): 6 weeks iv 

Probable CIED infection - Device removal after thorough Treat as CIED-LI. 
Occult bacteremia, neither proof evaluation and exclusion of 
of CIED infection nor alternative alternative sources of bacteremia. 
sources of infection but resolving - Antimicrobial treatment, as 
after CIED extraction. CIED-LI. 

*Clinical systemic signs of infection include rigors, fever, embolic phenomena, and improvement after treatment. 
**In some guidelines, device erosion is described as an entity of its own, as this always means that the system will be 
infected, regardless of symptoms. 
***Consider day 1 as the first day of appropriate antimicrobials unless persistently bacteremic on therapy. 

Table 1. 
Adopted from Sanoe et al. [7]. 

is difficult, but possible and would require a structurally normal tricuspid valve that 
remains normal after device extraction and no findings suspicious of pocket infec-
tion. Cases with occult bacteremia and neither proof of CIED infection nor alterna-
tive sources of infection, resolving after CIED extraction, are reasonable to title 
probable CIED infection. It may take time and sometimes also device removal before 
a definite diagnosis is established. However, the proposed categories may be relevant 
before that, as a way to structure early management. Clinical systemic signs of infec-
tion include rigors, fever, embolic phenomena, and improvement after treatment. 

4. Epidemiology 

The last decades have seen a steady increase in the number of patients with CIEDs 
[13–15]. Originally made up mostly of pacemaker implants, the continuing increase 
today is largely due to rising implantation rates of ICD and CRT devices [16]. Using 
current evidence to determine the true incidence of CIED infection is hard, as there 
is no uniform or mandatory reporting, no universal definition of how to classify the 
disease and many differences between studies regarding the time frame for measured 
incidence. Reviews of the literature suggest an overall incidence of CIED infection 
of 0.5–2.2%, based on different follow up periods from 6 weeks to 11 years [7]. Some 
studies instead report incidence per 1000 device years. Three large registry studies of 
pacemaker and ICD patients report 1.8-3.1 per 1000 device years [17–19]. 
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As new surgical procedures mature, implantation volumes increase, and the 
operating staff becomes more skilled, it is often reasonable to expect that the inci-
dence of complications will decrease [20]. For CIED infections however, the oppo-
site has been the case. Despite the variations in reported incidence and technique 
of reporting incidence, there are consistent results from several long-term registry 
studies showing increasing infection rates over time [9, 13, 18, 20–22]. These studies 
display not only the well-known trend of increasing implantation rate, accentuated 
by wider indications for ICD treatment, but also an unproportional increase in 
CIED infections. Furthermore, they report higher incidence of infection for ICDs 
and CRT compared to pacemakers and for device revisions (such as upgrades or 
replacements) compared to de novo implantations [23, 24]. 

A clarifying example is a study of US discharge registries 1993–2008; during the 
16-year study, implantation of pacemakers increased by 45% and ICDs by 504% and 
the total increase in all CIED implantation was 96%. The incidence of CIED infection 
increased by 210% to 2.41% between 1993 and 2008. The rate of infection was fairly 
constant up to 2004 when a marked increase occurred. The study revealed a parallel 
increase in four comorbidities (renal failure, heart failure, diabetes, and respiratory 
failure) among the patients starting in 2004 [13]. This shift also coincided fairly 
close in time with the introduction of new, broader indications for ICD treatment. 

This resulted in speculations about comorbidities, together with the risks of 
more complex devices, explaining the increase in CIED infections [13]. As neither 
the aging population with more comorbidities nor the wider indications for ICDs 
are temporary phenomena, a conclusion has been that this has set the stage for 
further increases in CIED infection rates, making the study of risk factors more 
relevant than ever [14]. 

5. Predictors for CIED infection 

Device-related infections are the result of an interaction between different types 
of risk factors—related to the patient, the implantation procedure, the microbe, 
or the device itself [11]. These factors predispose to device infection by either 
increasing the risk of generator or lead contamination at the time of implantation or 
increasing the risk of bacteremia from a distant source with hematogenous seeding 
of device leads [25]. Establishing risk factors is central for prevention and numerous 
risk factors have been identified (Table 2). The evidence supporting these factors 
varies and their combined effect is not easily quantifiable. 

5.1 Risk factors related to patient, device, and procedure 

A systematic review concluded that the three most consistently identified risk 
factors were the number of prior procedures, their complexity, and lack of anti-
microbial prophylaxis [7]. The importance of antibiotic prophylaxis has also been 
showed in randomized controlled trials [11]. 

In a meta-analysis of 60 studies (180,000 patients), the most significant 
patient-related risk factors were diabetes mellitus, end-stage renal disease, chronic 
obstructive pulmonary disease, corticosteroid use, previous device infection, renal 
insufficiency, malignancy, and congestive heart failure. Other significant risk fac-
tors were symptomatic heart failure, preprocedural fever, anticoagulant drug use, 
heparin bridging, and chronic skin disorders. Procedural risk factors identified were 
postoperative hematoma, reintervention for lead dislodgement, device revision/ 
replacement, lack of antibiotic prophylaxis, temporary pacing before the procedure, 
generator exchange, and inexperienced operator (<100 procedures). Significant 
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Patient-related risk factors: Procedure-related risk factors: 

Age and comorbidities Pocket hematoma 

Renal failure Device replacement versus de novo implant 

End stage renal disease/hemodialysis Extended procedure 

Diabetes mellitus Inexperienced surgeon 

Heart failure Lack of prophylactic antibiotics 

Chronic obstructive pulmonary disease 

Temporary pacing Device-related risk factors: 

Periprocedural fever (within 24 h) History of multiple device-related procedures 

Malignancy ≥2 leads 

Skin disorder ICD/CRT (compared to pacemaker) 

Prior CIED infection Epicardial lead(s) 

Anticoagulation Abandoned lead(s) 

Immunosuppressive drug/stat Recent device manipulation 

Microbe-related risk factors: 

S. aureus and other gram-positive cocci 

Existence of central venous catheter 

Postoperative wound infection 

Table 2. 
Risk factors for CIED infection [7, 11, 14, 25]. 

device-related risk factors were abdominal generator pocket, presence of epicardial 
leads, and positioning of two or more leads [26]. 

Although this meta-analysis did not show higher infection risks for ICDs 
compared to pacemakers, there are numerous other studies indicating such a risk, 
and a generally higher risk with more complex devices including CRT [18, 27–29]. 
Even though it is hard to exactly quantify the difference in risk of infection with an 
ICD or CRT compared to a pacemaker, it is clear that more complex devices should 
be regarded as a risk factor [11]. 

Several risk factors are linked to the reopening of the device pocket, for example 
during upgrades, which increases the risk of introducing bacteria—highlighting 
problems with today’s frequent upgrades and recalls. 

Several summaries of known risk factors attribute age as a risk factor [11, 25, 
30]. However, it is not certain that it is a fully independent factor and some studies 
show contradicting results, for example, the meta-analysis mentioned above [17, 
26]. As old age has been consistently associated to more co-morbidities and more 
complex devices, we have chosen to list “old age and comorbidities” as a risk factor 
[11]. There are also uncertainties regarding male sex that has been listed as a risk 
factor of infection in a few studies [7]. Reopening of the pocket is linked to several 
risk factors. 

5.2 Microbe-related risk factors 

Studies point to a risk of CIED infection as high as 35–45% when Staphylococcus 
aureus (S. aureus) is found in blood cultures [8, 29], 30% with other Gram-positive 
cocci [31], and 6% with blood cultures with Gram-negative bacteria [32]. Hence, 
the finding of either S. aureus or other Gram-positive cocci in blood cultures is in 
itself a substantial risk factor for CIED infection [7]. 
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5.3 Risk factors associated with early versus late onset infections 

Studies on infections of ICD systems suggest that there are differences between risk 
factors as to whether they increase the risk of early onset infections (within 6 months 
of implantation) or later infection. In one study, epicardial leads and postoperative 
wound complications, such as pocket hematoma, were associated with early infection 
while the length of hospitalization and chronic obstructive pulmonary disease was 
associated with later infection. A more general interpretation of this has been sug-
gested; circumstances that increase the probability of pocket contamination in the 
postoperative period are more likely to be associated with early onset infection, while 
overall poor health of the patient increases the risk of late onset infection [33]. Attempts 
have also been made to find useful differences between pathogens related to early 
versus late onset infections, yet without clinically significant findings [34]. Although 
these efforts to describe patterns, typical of early versus late infections, can increase the 
understanding of the pathogenesis and prevention, there are yet no simple implications 
for management or other obvious clinical benefits of making such a division. 

6. Mortality 

Reviews of current evidence have found all-cause mortality to be substantial, 
ranging from 0% to 35%, with big variation probably due to different proportions 
of patient comorbidities between the studies and differences related to devices 
or the definition of CIED infection [7]. The high mortality figures do not only 
reflect the acute effects of the infection; a high proportion of the reported deaths 
are related to cardiac and other noninfection causes. This is also coherent with the 
observation that mortality is up to threefold higher when longer follow-up periods 
are compared to in-hospital or 30-day mortality [7]. Another observation has been 

Patient-related risk factors Procedure-related risk factors 

Abnormal renal function CRT device 

Older age Complicated device removal 

Abnormal right ventricular function De novo implant 

Corticosteroid therapy Epicardial right ventricular pacing system in those 
undergoing reimplantation 

Endocarditis Late removal (versus immediate) 

Heart failure System upgrade/revision 

Length of time lead in-situ 

Medical therapy 

Metastatic malignancy 

Moderate/severe tricuspid regurgitation 

Pathogen other than a coagulase negative 
Staphylococcus 

Pre-reimplantation elevation of C-reactive 
protein 

Systemic embolization 

Thrombocytopenia on admission 
Adapted from Sandoe et al [7]. 

Table 3. 
Risk factors for mortality in CIED infections. 
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Infective Endocarditis 

that studies including only CIED endocarditis report higher mortality (25–29%) 
than studies of infections localized to the device pocket [7]. 

Studies of mortality often focus on finding risk factors of mortality, and the 
most frequently reported appear to be abnormal renal function, endocarditis, and 
old age [35–37]. Conditions often associated with endocarditis (systemic emboliza-
tion, tricuspid regurgitation) have also been noted as risk factors of mortality. 
Another risk factor is the identified microbe, where S. aureus is associated with an 
increased mortality [38, 39]. 

Table 3 shows risk factors for mortality in CIED infection as presented by 
Sandoe et al. [7]. Included are also factors related to device types and whether the 
device is extracted or if the patient receives medical therapy alone. This is discussed 
further under “Management”, but in short, device removal is clearly associated to 
lower mortality [40]. Although there are possible fatal complications from device 
removal, the mortality associated with delaying this procedure is even higher [41]. 
Therefore, there is no indication for extraction as strong as infection [11, 42]. 

7. Pathogenesis 

There are two basic mechanisms of infection, either bacterial contamination at 
the time of implant or hematogenous seeding of the device during bacteremia from 
a distant focus of infection [5]. 

Excluding rare cases of contamination during manufacturing, it can occur periop-
eratively by anyone handling the device or via the air of the operation theater. Without 
ventilation with laminar flow, it is likely that coagulase-negative staphylococci on skin 
squamae, either from the patient or any of the operating staff, are present in the air. 
An example of this is the en passant finding in one study where 14 unused sterile leads 
were placed on the operation table during a CIED implantation. One of the leads was 
positive for Staphylococcus epidermidis after culturing [7, 43]. During implantation 
and possible later manipulations or revisions, skin incisions always carry the risk of 
skin flora contaminating the wound and eventually the device [7, 20]. It is a com-
mon notion that most CIED infections are the result of contamination at the time of 
implantation, which is supported by the proven effect of surgical site prophylaxis [16]. 

The alternative, and less common, pathway involves hematogenous seeding 
from a distant focus. In this case, the type of pathogen is critical to the risk of infec-
tion with S. aureus conferring the highest risk, whereas the risk of CIED infection 
from gram-negative bacteremia is low [20]. 

The common conceptual separation of local device pocket infection from infec-
tion involving leads and bacteremia serves a purpose for describing pathogenesis or 
planning preventive strategies. In practice, it is however often hard to differentiate 
between the two [5]. Once the generator pocket is infected, bacteria can migrate 
along the leads to finally reach intracardiac structures. And although pocket infec-
tion most often is due to perioperative contamination, hematogenous seeding to the 
pocket is also a possibility [14]. The eventual consequence of CIED infection can 
be the forming of vegetations anywhere on the lead and on the tricuspid valve as 
well as the right atrial or ventricular endocardium. Septic pulmonary embolism is a 
frequent complication of device endocarditis [5]. 

However, pathogenesis cannot be reduced to blood stream or wound contamina-
tion. It is the result of specific interactions between the device, the microbe, and the 
host [14]. Risk factors related to the patient (host) and device have been discussed 
in earlier sections. Additionally, there are specific device factors related to surface 
features and chemical interactions between pathogens and devices affecting pathogen 
adherence. The development of devices with better surface properties in this regard 
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is an important topic under current exploration, although not currently relevant in 
clinical practice, and therefore beyond the scope of this chapter [7, 11, 16, 20]. Finally, 
there are specific virulence factors, all related to microbial ability to adhere to device 
surfaces that are crucial for establishing CIED infection. The most important of these 
is the ability to form biofilm [20, 25, 44]. This reduces the effectiveness of the normal 
immune system response to infection, supplies a barrier against antibiotic penetration, 
and (by metabolic downregulation) makes bacteria less susceptible to antibiotics. 

8. Diagnosis 

The signs and symptoms of CIED infection depend on the location of the 
infected part of the device, but establishing the diagnosis can sometimes be chal-
lenging with a variety of manifestations. Fever is present in most cases. It is reason-
able to always consider device infection for patients with CIEDs and unexplained 
fever, keeping in mind that a blunted fever response is common among the elderly 
[5]. In some cases, with typical symptoms of localized generator pocket infection, 
diagnosing CIED infection is simple. In other cases, the symptoms can be extremely 
vague despite extensive infection, often resulting in diagnostic delays. As with other 
types of endocarditis, diagnosis is not built on a single test, but rather evaluation of a 
pattern of signs and investigations where echocardiography and blood cultures play 
a fundamental role. Sometimes, S. aureus bacteremia can be the only sign of device 
infection [5]. A central recommendation in guidelines is also that the patient with 
suspected CIED infection should be evaluated by a multidisciplinary team [14]. 

8.1 Clinical presentation 

The most common type of CIED infection (~60%) is a generator pocket infection 
with symptoms of localized inflammation including erythema, pain, swelling, warmth, 
erosion, and purulent drainage or skin dehiscence [45]. In less than half of these cases, 
there are also systemic signs of infection or positive blood cultures [25, 45]. Often, these 
signs are easily identified, motivating the patient to seek medical attention. But some-
times, the symptoms are more subtle, presenting soon after implantation and thereby 
hard to differentiate from pure postoperative inflammation, skin reactions to dressings, 
disinfection agents, and sutures or a restricted and superficial infection [7, 11]. 

A second major manifestation is that of infection affecting either cardiac valves, 
device leads, or a combination of these two (CIED-IE or CIED-LI). This accounts 
for 10–23% of all CIED infections [25, 46]. Many of these patients have typical signs 
of systemic infection, presenting with fever, rigors, malaise, fatigue, or anorexia. 
Most, but not all, show positive blood cultures [11, 45]. Parallel symptoms of device 
pocket infection make the diagnosis easier, but this is not always the case. Instead, 
the presence of a CIED is often disregarded by the first doctor seeing the patient 
[24]. Major diagnostic tools recommended by guidelines are cardiac imaging, 
repeated blood cultures and use of the modified Duke criteria (Table 4) [7, 12]. 

In the case of cardiac vegetations, the tricuspid valve is the most common site, but 
vegetations may also appear on both the pulmonic and left-sided valves. S. aureus is 
the most common pathogen. In this patient group, it is common with symptoms or 
radiographic findings indicating septic embolism to the lungs (~40%) as well as other 
organs (18%), and occasionally distant abscess formation [46–48]. Possible embolic 
phenomena are important to keep in mind, as secondary foci of infection, such as 
vertebral osteomyelitis or discitis, can be the main symptom presented by the patient 
[7, 47]. Other possible sites of metastatic abscesses are brain, liver, kidney, and spleen. 
In some cases, it will be hard to distinguish if a distal site of infection is the result of 
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Duke criteria 

Major Definite endocarditis 

Blood culture positive for IE - 2 major criteria; or 

Evidence of endocardial involvement - 1 major criterion and 3 
minor criteria; or 

Echocardiogram positive for IE - 5 minor criteria 

New valvular regurgitation (worsening of pre-existent murmur not 
sufficient) 

Possible endocarditis: 

Minor - 1 major and 1 minor 
criterion 

Predisposition (predisposing heart condition, iv drug use) -3 minor criteria 

Fever (>38°C) 

Vascular phenomena, major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial 
hemorrhage, conjunctival hemorrhage, and Janeway lesions 

Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth´s spots, and rheumatoid factor 

Microbiological evidence: positive blood culture but does not meet a major criterion or serological evidence 
of active infection with organism consistent with IE 

Microorganisms consistent with IE: (positive results from 2 separate blood cultures required) 

- Streptococcus viridans 

- Streptococcus bovis 

- HACEK group (Haemophilus spp., Aggregatibacter, Cardiobacterium, Eikenella, Kingella) 

- Staphylococcus aureus 

- Community-acquired enterococci, in the absence of a primary focus 

Or: 

Microorganisms consistent with IE from persistently positive blood cultures, defined as follows: at least two 
positive cultures of blood samples drawn >12 h apart, or 

all of three or a majority of ≥4 separate cultures (with first and last sample drawn at least 1 h apart) 

Single positive blood culture for Coxiella burnetii or antiphase 1 IgG antibody titer >1:800 

Table 4. 
The Duke criteria, adapted from Li et al. [12]. 

hematogenous seeding from a cardiac device or if the opposite is true [25]. Less than 
10% present with septic shock, usually caused by virulent pathogens such as S. aureus 
or Pseudomonas aeruginosa [7, 44]. Less virulent pathogens are generally associated 
with a more subacute or chronic presentation. In rare cases, this can be coupled with 
immune-complex mediated conditions such as nephritis or vasculitis [44]. 

In contrast to the diversity of symptoms mentioned above, occult bacteremia (or 
in rare cases fungemia) without localized symptoms at the generator pocket repre-
sents a diagnostic challenge primarily by the absence of findings [11, 25]. Studies 
indicate that laboratory abnormalities are present in less than half of the cases of 
CIED infection, hence normal laboratory results should not rule out CIED infection 
[9, 25]. Distant foci of infection could result in hematogenous seeding of the device 
but should not always be interpreted as evidence of actual CIED infection. To avoid 
misdiagnosis and unnecessary and riskful extractions, an algorithm for managing 
bacteremia among CIED patients has been presented by DeSimone and Sohail [49]. 

Except for these three main presentations, there are occasional cases of device 
erosion through the skin with neither positive blood cultures nor any other local 
inflammatory changes. Usually, erosion is a slow process of fat necrosis and migra-
tion from deeper layers of the skin and seldom presents shortly after implantation. 
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The exact cause often remains unclear but can be low grade device infection, other 
local infections or mechanical factors alone [11]. Whenever a generator or lead has 
eroded through the skin, the whole device system should be regarded as infected [7]. 

8.2 Diagnostic challenges 

Beyond the typical and distinct clinical manifestations, there are also many cases 
with scarce or misleading symptoms. One study reports that many diagnostic delays 
are related to the fact that CIED infection was not considered in the original differ-
ential diagnosis, for instance, when device patients present with mainly respiratory 
or rheumatic symptoms that are interpreted as bronchitis [5, 47]. Other reasons for 
delay could be that possible hints about the diagnosis were disregarded, for instance 
positive blood cultures for Staphylococcus epidermidis first considered to represent 
contamination. Sometimes, the diagnosis was taken into consideration, but wrongly 
excluded without adequate investigations, such as a negative transthoracic echocar-
diography (TTE) being interpreted as sufficient for excluding the diagnosis [47]. 

8.3 Microbiology and adequate sampling 

A series of studies consistently show that staphylococci and Gram-positive 
bacteria in general are responsible for most CIED infections. Methicillin resistance 
among S. aureus has been reported to various extents, depending on geographic and 
individual factors [5]. We found the figures of the prevalence of respective patho-
gens fairly consistent with the results of prior studies and systematic reviews [7, 9, 
11, 25, 45, 47, 50–52]. Consistent are also reports of negative cultures despite clinical 
infection. A reason for this may be previous antibiotic treatment and fastidious 
microbes [25]. Negative blood cultures should be interpreted with caution and 
exclusion of infection should not rely exclusively on cultures. 

At least two sets of blood cultures (including aerobic and anaerobic cultures) are 
recommended before starting antibiotic therapy. For patients presenting with acute 
symptoms, ideally the two sets should be taken at different times within 1 h from 
peripheral sites. If the clinical presentation is chronic/subacute, guidelines recom-
mend three sets of cultures to be taken from peripheral sites with >6 h between each 
sample, before antibiotic therapy is started [7]. The point of taking multiple cultures 
with certain waiting periods is hopes of improved sensitivity and the ability to dif-
ferentiate between transient and persistent bacteremia. Consistently positive blood 
cultures with the same pathogen are highly indicative of CIED infection. If purulent 
drainage is present from the device pocket, a culture can be very useful and more 
sensitive than other pocket cultures. Percutaneous aspiration of the pocket should, 
however, not be done because of the risk of introducing microorganisms and possibly 
causing device infection [14]. When a device is removed, device pocket swabs and 
tissue culture as well as both proximal and distal lead cultures should be obtained 
[11]. The lead-tip cultures should be interpreted with caution if extracted through an 
infected device pocket because of the risk of contamination. Possible femoral extrac-
tion would reduce this risk. The clinical situation when lead tip cultures interpreted 
as unequivocally significant is when there is no sign of pocket infection [25, 50]. After 
device removal, the recommendation is to obtain new blood cultures after 48–72 h. 

8.4 Cardiac imaging 

Echocardiography is a cornerstone for diagnosing CIED infection, visualizing 
lead or endocardial vegetations, and estimating valve regurgitation and vegeta-
tion size. TTE is superior for pericardial effusion and estimations of ventricular 
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function and pulmonary pressure. TTE is also convenient for repeated monitoring 
of vegetations and cardiac function before or after extraction. Transesophageal 
echocardiography (TEE) is however superior for diagnosing lead and endocardial 
infection (CIED-LI, CIED-IE), visualizing vegetations, valves and parts of the 
lead that are difficult to see by TTE. It is also superior for visualizing left-sided 
endocarditis and perivalvular abscesses. For the diagnosis of CIED-IE, the sensi-
tivity of TEE is >90%, compared to 22–43% for TTE [7]. Hence, both modalities 
should be used, but in this complimentary manner. Despite the high sensitivity 
of TEE, it is important keeping in mind that a normal echocardiography does not 
completely rule out the possibility of CIED infection [5, 7, 10, 11, 14, 30]. 

It has been demonstrated that TEE cannot distinguish vegetations from sterile 
thrombi [14, 30]. In studies validating TEE, 5–10% of identified lead masses, first 
described as vegetations, were concluded to represent incidentally found thrombi 
[53, 54]. This underlines the importance of a thorough multidisciplinary evaluation 
using the sum of all findings to assess the patient; masses found on leads in patients 
without symptoms of infection or positive blood cultures should consequently not 
be treated with device extraction and antibiotics, but possibly anticoagulants [10]. 

New imaging modalities (18F-FDG positron emission tomography/computerized 
tomography, 99mTcHMPAO-WBC) have been studied in a few early reports sug-
gesting slightly increased sensitivity compared to TEE and possibly a high negative 
predictive value. Limited evidence of their possible added clinical value, high costs, 
and limited availability so far has not resulted in recommended routine use and 
guidelines describe them as a possibility to consider in selected and complicated 
cases. The same approach is recommended for intracardiac echocardiography that 
possibly may enhance diagnostic accuracy, but just like TEE, is unable to distinguish 
thrombi from infective vegetations [7, 11, 30]. 

The role of ordinary chest X-ray has not been studied specifically. Guidelines rec-
ommend chest X-ray for patients presenting with acute symptoms as a baseline image 
during circumstances when full medical records may not be available [7]. Chest 
computerized tomography or pulmonary angiography can contribute in complicated 
diagnostic processes by finding septic emboli that constitute a minor Duke criterion. 

9. Management 

Successful management of CIED infection is dependent on complete and 
prompt device removal, long antimicrobial treatment, and reimplantation if the 
device is still indicated. In a few cases, device removal may not be possible, which 
substantially reduces the probability of curing the infection. There is a lack of ran-
domized controlled trials to guide management of CIED infection. Most of today’s 
practice is based on the results of observational studies or clinical expertise [25, 55]. 

In the case of suspected CIED infection, initially two or three blood cultures 
(depending on urgency) should be taken, followed by the initiation of empiric 
antibiotic treatment. After that, it is important to determine whether the device 
should be removed or not [7]. 

9.1 Device removal 

Results from several retrospective studies have shown that complete and early 
device removal (despite its rare but potentially fatal complications) together with 
antibiotics is more effective than medical therapy alone with dramatically lower figures 
for mortality and infection relapse [9, 41, 56]. A multivariate analysis of a large CIED 
infection cohort showed a sevenfold increase in 30-day mortality for patients treated 
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with medical therapy alone compared to the combination with device removal [41]. In a 
large retrospective study of patients in Cleveland, 97% (pocket infection and CIED-IE) 
were cured by extraction combined with antibiotics [45]. Therefore, complete device 
removal is the general recommendation for established CIED infection [7, 11]. 

What is the implication of this for our previous presented clinical categories? 
The most benign case is that of post-implantation inflammation, where the device 
should not be removed. However, a close follow-up is important: what is first 
perceived as inflammation can later be interpreted as early symptoms of infection 
[7]. If symptoms instead are accordant with device pocket infection (complicated 
or uncomplicated), device removal is inevitable. That is also the case for the more 
extensive infections, definite CIED-LI and CIED-IE. 

Remaining are two diagnostically more difficult categories: “possible CIED-LI” 
and “probable CIED infection” (occult bacteremia) for which guidelines recommend 
that device removal is considered while the patient is under continued observation 
with repeated echocardiography and blood cultures. Evaluation by physicians with 
specific expertise in CIED infection is always recommended when a diagnosis is estab-
lished, but is also an option for suspected infection if the investigation is complicated 
[11]. Additional radiology could strengthen a diagnosis in the case of complications 
of CIED infection such as septic arthritis, spine infection, pulmonary embolism, vein 
thrombosis, or metastatic abscess [7, 25]. If available, new modalities such as FDG-
positron emission tomography/computerized tomography might play a role by adding 
information in complex cases. In the case of bacteremia of an unknown source, all 
removable non-CIED sources of infection (such as intravenous lines) should be taken 
out [11]. A single positive blood culture without other symptoms is not sufficient for 
immediate device removal but the identified pathogen can give vital information. As 
mentioned in previous sections, CIED infection is more likely with Gram-positive 
bacteremia. S. aureus should not be neglected and instead always regarded as a 
possible pathogen, requiring further investigations in search of a source [11]. In the 
case of S. aureus bacteremia where there are no clinical or echocardiographic find-
ings supporting CIED infection, earlier American Heart Association guidelines have 
mentioned six parameters associated with CIED infection [14]: 

• Relapsing bacteremia after finished antibiotic course. 

• No other source of bacteremia is identified. 

• Bacteremia persisting >24 h. 

• The CIED is an ICD. 

• The patient has a prosthetic valve. 

• Bacteremia occurs within three months of device implantation. 

A scientific statement from the Heart Rhythm Society stresses that early diagnosis 
and lead extraction Within three days of diagnosis were associated with lower mor-
tality in a small study [11, 40]. British guidelines recommend extraction as early as 
possible, but not later than within two weeks of diagnosis [7]. CIED infection can also 
occur for surgically implanted devices with epicardial leads. Basically, what has been 
stated for ordinary leads is also valid for epicardial leads. Complete device removal is 
recommended, after analyzing the risk of surgery for the individual patient compared 
to the risk from CIED infection. For localized pocket infection though, a practice of 
cutting the epicardial leads, only extracting the portion close to the pocket is used [11]. 
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9.2 Antibiotic treatment 

For patients with suspected post-operative inflammation, the use of antibiot-
ics is controversial. It is reasonable to first consider if continued observation is 
sufficient. If needed, guidelines recommend a short oral course [7]. For all other 
clinical categories, some antimicrobial treatment is recommended. A multidisci-
plinary approach involving infectious disease specialists and individual adaptations 
depending on the patient’s risk factors and comorbidities is essential. 

A basic principle is to start with broad empirical treatment, if systemic infection 
is suspected. At this stage, treatment should target both Gram-positive, includ-
ing methicillin-resistant S. aureus (MRSA), and Gram-negative bacteria [11]. The 
duration of antibiotic treatment is counted from the first negative culture after 
device removal and depends on a number of factors including the specific pathogen, 
extent of device infection, and existence of complications, if the device has been 
successfully removed or not. As with other parts of management, there is a lack of 
solid evidence and the choice of antibiotics and treatment durations are primarily 
based on expert opinion and experience [11]. Examples of regimens from current 
guidelines are provided in Tables 1 and 5, but it is also important to always consider 
local resistance patterns. The category “uncomplicated device pocket infection” by 
definition does not include systemic infection. However, some of these patients will 
eventually develop sepsis and therefore it is reasonable to start empiric therapy. Once 
a pathogen is identified through cultures, treatment should be modified accordingly. 

9.3 Reimplantation 

After removal of infected devices, it is crucial to always thoroughly reassess the 
need for a new CIED. Some patients no longer meet an original indication because of 
improvements in heart rhythm or function. Others have a strong personal opinion and 
do not accept a new implantation [11]. For some patients, another type of device can 
reduce possible risks of infection relapse (device downgrade and alternative devices are 
further described under prevention). The percentage of patients with CIED infection 
not requiring a replacement device has ranged from 13 to 52% in different studies [25]. 

Diagnosis/scenario Suggested 
antibiotics 

Dose* 

Pocket infection, 
uncomplicated 

Vancomycin or 
daptomycin or 
teicoplanin 

1 g q12h iv 
4 mg/kg q24h iv 
6 mg/kg to a 
maximum of 1 g 
given at 0.12 an 
24 h and then q24h 

CIED-LI, CIED-IE, or 
complicated pocket 
infection, pending 
blood cultures, e.g. in 
sepsis 

Vancomycin 
AND meropenem 
or daptomycin 
AND meropenem 

1 g q12 iv 
1 g q8h 
8–10 mg/kg q24h 
1 g q8h iv 

(appropriate spectrum, but risk of 
nephrotoxicity) (gentamicin in high 
dose, according to local guidelines, 
may be appropriate depending on 
local epidemiology) (less risk of 
nephrotoxicity than vancomycin) 

CIED-LI or CIED-IE Vancomycin 1 g q12h iv (appropriate spectrum but risk of 
or complicated pocket AND gentamicin 1 mg/kg q12h iv nephrotoxicity) 
infection with negative or daptomycin 8–10 mg/kg q24h 
blood cultures AND gentamicin 1 mg/kg q12h iv 

iv: intravenously, q8h: every 8 hours, q12h: every 12 hours, and q24h: every 24 hours.*All doses may require adjustment 
due to impaired renal function. 

Table 5. 
Examples of guideline regimens for empiric antibiotic treatment. 
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Clearance of infection is a prerequisite before hardware can be reimplanted. The 
optimal timing of reimplantation is however not known as no prospective trials 
have been done. According to recommendations from the Heart Rhythm Society, 
it is reasonable to await a 72 h period of negative blood cultures before reimplanta-
tion, also mentioning that there are single center studies indicating that reimplanta-
tion the same day as device extraction is possible for isolated pocket infections [11]. 
The existence of undrained abscesses or other sources of infection would demand 
further postponing of these suggested waiting times. It is also recommended that a 
new device is placed on the contralateral side, an attempt to reduce the risk of seed-
ing the new device from a prior tissue infection [9]. If remains of valvular infection 
are suspected, the waiting period should be extended to at least 14 days according 
to the European Society of Cardiology guidelines [5]. British guidelines, illustrating 
that there is no unanimity here, recommends reimplantation to whenever possible 
be delayed until signs of infection have resolved suggesting 7–10 days [7]. 

The pacemaker-dependent patient poses a special challenge. Some form of 
temporary pacing is needed as a bridge to reimplantation. Common problems of 
traditional temporary pacing are frequent loss of capture, undersensing, and that 
the systems in general are large and inconvenient, all this confining the patent to 
stay immobilized in a hospital bed during antibiotic treatment before reimplan-
tation. Studies of “semi-permanent” systems with active fixation leads and an 
external reusable pacemaker have shown that this practice is safe, reduces hospital 
stays, and makes the patient more mobile [11, 57]. However, these studies have so 
far only included a smaller number of patients and therefore are not able to rule out 
that the risks for relapsing infection earlier observed with temporary pacing still 
holds [58]. Therefore, all sorts of temporary pacing should still be regarded as a risk 
factor and avoided if possible, even though this semi-permanent technique prob-
ably is a way to reduce adverse events [5]. For ICD-patients with high risk of sudden 
cardiac death, the wearable cardioverter defibrillator can be a promising option. 
This noninvasive device is worn under normal clothing safely and effectively treats 
ventricular tachyarrhythmias, thus offering bridging to ICD reimplantation, (if the 
indication still holds) without increasing the risk of CIED infection relapse [59]. 

9.4 Management when device removal is not possible 

Despite all known benefits of device removal, there are a small proportion of the 
patients that either decline device removal or are considered medically unfit for device 
removal. For many of these patients, it is likely that extraction will require surgical 
intervention and often they may be more or less dependent on a device (for instance 
CRT) that is not considered possible to reimplant. They may also have other, perma-
nent, sources of infection or a short life expectancy [11]. There is not much evidence 
to guide the management of these patients, but various smaller reports have described 
very varied outcomes. Some describe patients being cured with medical therapy 
alone. Others describe the strategy of partial device removal (only generator), which 
is possible for nonpacemaker-dependent patients, with cure rates in a wide range from 
13 to 71%. There are also reports of ICD patients with 100% failure [7]. 

British guidelines include regimens for attempts to salvage devices with medi-
cal therapy alone [7]. These consist of different combinations of antibiotics (for 
instance daptomycin and vancomycin), aiming to break through biofilm and are 
based on combinations that have salvaged infected non-CIED prosthetic materials 
and other devices. The duration of therapy is often 6 weeks. There is no known 
test to evaluate this therapy besides observation and blood cultures after the end 
of a course. Infection relapse is equivalent to a failure to salvage the device. In that 
case (unless the decision about device removal does not change), the only option 
is a palliative strategy of life-long suppressive antibiotic treatment. Patients in this 
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group are usually cardiovascularly stable and have responded well to antibiotics 
with clinical improvement and cleared bloodstream infection. This strategy can 
obviously only be applied to a few selected patients and the outcome is also unclear. 
Compared to curative strategies, this should be regarded as a last resort [11]. 

9.5 Risks associated with device removal 

Device removal should be performed in specialized centers with expertise in the 
procedure and acute cardiac surgery backup available [30]. Percutaneous proce-
dures have become the most used method as procedural risks are lower compared 
to open surgery. In case of failures with a percutaneous technique, a conversion to 
open surgery is common. Removal of leads engrafted in cardiac tissue can be dan-
gerous. Over time, fibrous anchoring tends to develop between leads and vascular 
and cardiac structures. Inter-lead anchoring is also common. The major procedural 
complications are related to these anchorings and accidental tears or perforations 
of either the superior vena cava or parts of the myocardial wall with resulting dra-
matic bleeding and tamponade. Lead fracture often requires shifts to open surgery 
and can cause life threatening arrhythmias. To reduce risks, new techniques with 
locking stylets, photoablation of fibrous attachments, and less invasive methods 
aided by thoracoscopy have been developed [30, 60, 61]. In experienced centers, 
procedure mortality is low, between 0.1 and 0.6% [5]. If removal employs this 
type of special equipment, or concerns a lead implanted more than a year ago, the 
procedure is referred to as extraction as compared to explantation [11]. 

A number of procedural risk factors have been identified one of the more 
evident being elapsed time since lead implantation, which is related to the fibrous 
anchorings. Other risk factors are female sex, multiple leads (lead-lead anchoring), 
operator inexperience, and radiological findings of calcification involving leads. 
ICD is a risk factor as the device is bigger and more complex. In particular, the coils 
are suspected of stimulating fibrotic growth between device and myocardium and 
some extracting operators choose to only implant single coils for this reason [60]. 

In the case of very large vegetations, there is risk of pulmonary embolism. For 
very large vegetation, a shift to open surgery is common. There is uncertainty about 
how large vegetations should be for this shift to benefit the patient. Guidelines state 
that additional data are needed and recommend individualized decisions for vegeta-
tions >2 cm in diameter [5]. 

10. Prevention 

As CIED infection results in substantial morbidity and mortality as well as high 
and rising costs for health care systems, good prevention is essential. The first 
subsection here is valid for all device patients. The following, covering secondary 
prevention, is specific for CIED infection patients. Being an essential and integrated 
part of all CIED infection management, it is not always specifically referred to as 
prevention. Finally, we give an outline of new therapies and devices with possible 
implications for all potential devices. 

10.1 Primary prevention 

Before implantation, the patient must be evaluated for clinical signs of infection. 
Fever during the last 24 h before implantation is a risk marker for later CIED infection. 
Signs of systemic infection should always result in elective implantations being post-
poned and acute procedures should be avoided until the infectious episode is resolved 
[7]. Perioperative antibiotics reduce the risk of infection. A randomized controlled 
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study was interrupted after having enrolled 649 patients, showing an infection rate of 
3.4% for the placebo group versus 0.6% in the antibiotics group [11]. When risk markers 
are studied, neglected perioperative antibiotics are one of the more consistent predictors 
of infection risk. Intravenous administration of a cephalosporin or penicillinase resis-
tant penicillin 1 h before procedural start or vancomycin 2 h before start are commonly 
used [11]. Repeated dosing after skin closure or general postoperative antibiotic use is 
not recommended. Except for TYRX™ (see Section 10.3), there is so far no support in 
evidence for local installation of antibiotics or antiseptics into the device pocket [7, 62]. 

Implantation should ideally take place in a designated CIED laboratory fulfilling 
requirements for ventilation suitable for device surgery. This is underlined by the 
fact that it is not unusual with perioperative CIED contamination today and many 
CIEDs are implanted in catheterization laboratories with lower ventilation require-
ments than operation theaters [7]. Implantation should be carried out with an aseptic 
technique, in an environment observing operating theater discipline. Alcoholic 
chlorhexidine (2%) should be used to prepare the skin over the operative site. Devices 
and surgical equipment should be left uncovered for the minimum possible time [7]. 

Risk of infection is also related to operator experience and the aggregated opera-
tion volumes of different centers—at least it has been shown that very small volumes 
are related to higher risk of complications: a study of Medicare recipients showed that 
physicians implanting 1–10 ICDs annually had higher complication rates than physi-
cians implanting more than 29 devices [63]. A US registry study found a complication 
rate of 3.8% at centers performing fewer than 24 implants a year compared to 3.1% 
at centers implanting more than 110 devices a year [64]. British guidelines stress the 
importance of supervision of junior operators (with lower operation volumes) by 
senior operators. They also speculate about if a lack of supervision is more common 
for generator exchange procedures, which have a higher risk of infection than de novo 
implants, but often are viewed as simple and “straightforward procedures” [7]. 

Postoperative hematomas are a consistently found risk factor. If possible, 
antithrombotic treatment and anticoagulation should be discontinued prior to the 
procedure. If a pause in anticoagulation is not deemed possible, it is however better 
to continue with ordinary warfarin doses than discontinuing and trying to bridge 
with heparin as this is related to a significant increase in pocket hematomas [7]. 
As for new oral anticoagulants (NOACs), there are less data, but studies suggest 
that there is no difference in pocket hematoma between interrupted and continued 
NOAC regimens [65]. 

10.2 Secondary prevention 

The most effective preventive measure against CIED infection is to avoid 
unnecessary CIED implants in the first place. For patients with CIED infection, a 
reassessment of the risks and benefits of the device before reimplantation is crucial, 
and a significant proportion of the patients do actually not meet indications for 
reimplantation. As the risk is also associated with various properties of the device, 
this reevaluation can also result in a device downgrade, for instance from a more 
complex to a simpler device, or from two defibrillator coils to one on an ICD. An 
option is also to change from transvenous leads to epicardial leads, or more com-
monly, to choose some of the newer devices described below. 

A general principle of CIED infections is to remove all hardware, but if this is 
not possible, as much as possible should be removed. Examples of the latter is the 
isolated removal of the generator for nonpacemaker-dependent patients who refuse 
lead extraction or the practice of cutting the leads and removing the proximal part 
together with the generator when epicardial lead extraction is regarded too risky, all 
based on the presumption that the generator accounts for the biggest infection bur-
den in a CIED and that its removal is a simple procedure compared to lead extraction. 
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The risk of infection is less with peripheral cannulae than cuffed central 
venous catheters and patients can be treated with peripheral cannulae for very 
long periods, as long as the cannulae are changed every 72 h [66]. In fact, the risk 
of infection for any vascular access increases with time in situ. A central venous 
catheter also increases the risk of venous thrombosis reducing access options for 
future CIED placement. For some patients, though, siting cannulae can become 
very complicated and alternative strategies are needed as oral administration during 
CIED infection is not a safe procedure. Peripherally installed catheters (PICC or 
“midline”) may in that case be a better alternative than central venous catheters [7]. 

As mentioned in previous sections, temporary pacing with an intravenous pac-
ing wire is associated with higher risk of infection relapse and should if possible be 
avoided for CIED infection patients. If central venous catheters are used, potential 
future access sites for CIEDs (contralateral prepectoral to existing CIED) should be 
avoided if possible. Semi-permanent pacing with screw-in leads is probably better 
than traditional temporary pacing, but both techniques should be avoided unless 
the patient is dependent on pacing. It seems that this is not only valid for CIED 
infection patients (and thereby also an example of primary prevention); for acute 
patients, it is becoming more common to directly implant a pacemaker, rather than 
using temporary pacing with higher risk of future CIED infection [7, 58, 67]. 

10.3 Alternative device systems 

A leadless pacemaker suitable for VVI-pacing can be implanted in the right 
ventricle through femoral venous access. It is a means of avoiding the traditional 
complications associated with leads or generator pockets, and studies have shown 
promising results with lower complication rates compared to transvenous CIEDs 
[68, 69]. However, to our knowledge, no randomized controlled studies have yet 
compared leadless and transvenous pacemakers. Also, no long-term studies have yet 
been completed. In situations with limited venous access as well as reimplantation 
after CIED infection for high risk patients, leadless pacing should be considered. 

A subcutaneous ICD is an alternative to transvenous systems that can be con-
sidered as an option for reimplantation in patients with high risk of CIED infection 
relapse. With this system, complications related to leads or vascular access are 
avoided. It has proved to be as effective as an ordinary ICD in treating life-threaten-
ing arrhythmias, but it is unsuitable for patients needing pacing, resynchronization 
therapy, or antitachycardia pacing [70–72]. 

Since 2001, the noninvasive wearable cardioverter defibrillator has been avail-
able to provide temporary protection against sudden cardiac death. It safely and 
effectively detects and terminates ventricular arrhythmias and should be consid-
ered as a bridging therapy to ICD reimplantation. As a reassessment of the indica-
tions should take place before every reimplantation, the wearable cardioverter 
defibrillator also has the potential of bridging to a device downgrade [59, 73, 74]. 

In addition to perioperative systemic antibiotics, an antibiotic envelope 
(TYRX™) has been developed, wrapping the device and slowly releasing antibiot-
ics (minocycline and rifampin) in the device pocket. A meta-analysis of five prior 
studies including 4490 patients showed that use of the envelope is associated with 
significantly lowering the CIED infection rate, although the included studies were 
not randomized controlled trials [75]. Other studies have particularly showed ben-
efits among patients categorized as high risk individuals for early CIED infection 
(risk factors, Table 2) [76]. As the envelope is costly and its use is not yet routine, 
this selected patient group is probably the most promising to start with, although 
there are cost-benefit studies indicating a role for this envelope as a standard of care 
for all patients, at least in the context of the US health care system [77]. 
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Current evidence does not support the use of prophylactic antibiotics for 
dental procedures or other invasive procedures that do not involve direct device 
manipulation [11]. 

11. Conclusions 

CIED infection is a rare but severe complication. As more complex devices are 
implanted in patients with more co-morbidities, the infection rate is on the rise. 
CIED infection should always be considered in device patients with unexplained 
fever—the presence of S. aureus bacteremia is equivalent to a risk of device infection 
of almost 50%. Once infection is established, renal impairment, old age, and endo-
carditis are some of the most consistently found predictors of mortality. Although 
not without lethal risks, device removal is the recommended treatment in all but a 
few cases and should be performed in designated centers. Combined with antibiotic 
treatment, this can enable cure rates as high as 97% according to some studies. 
Reassessment of the original indication should always precede device reimplantation. 
Intravenous lines and temporary pacing should be avoided if possible and technical 
alternatives such as leadless pacemakers, subcutaneous defibrillators, and antibiotic 
device envelopes should be considered as means of reducing risk of reinfection. 

Abbreviations 

CRT cardiac resynchronization therapy 
CIED cardiac implantable electronic devices 
CIED-IE CIED-associated infective endocarditis 
CIED-LI lead infection 
ICD implantable cardioverter defibrillator 
IE infective endocarditis 
NOAC new oral anticoagulant 
MRSA methicillin-resistant S. aureus 
TEE transesophageal echocardiography 
TTE transthoracic echocardiography 
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