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Infective endocarditis is associated with severe morbidity and mortality. Its incidence 
is increasing due to an ageing population and groups at risk. Although symptoms 
often are unspecified, high awareness of the disease can lead to prompt diagnosis 
without delay, which has historically been the case. Echocardiography, including the 
transesophageal approach, is the first-line imaging technique for infective endocar-
ditis. Suspicion of the condition warrants consideration of laboratory findings and 
history taking as well. The increasing number of patients with cardiac implants poses 
a certain risk. The definite diagnosis of endocarditis implies long-term antibiotics 
and hospitalization. Fortunately, an out-patient regimen has been advocated under 
certain circumstances. A tailored approach is warranted to optimize the management 
of suspected and confirmed endocarditis. The management of infective endocarditis 
is challenging and involves interaction between members from different specialists 
and re-evaluations. This book covers aspects of the modern, evidence-based approach 
to the care of endocarditis patients.
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Chapter 1

Introductory Chapter:  
Endocarditis – Diagnosis and 
Treatment
Peter Magnusson, Jo Ann LeQuang and Joseph V. Pergolizzi

1. Introduction

1.1 Endocarditis at a glance

Infective endocarditis (IE) is a major health challenge. The incidence is approxi-
mately 14 cases (1 death) per 100,000 individuals [1]. The rising numbers of IE are 
due to the increased population at risk, but increased awareness and availability of 
diagnostic tools also accounts for higher rates of diagnosed IE. Echocardiography is 
the cornerstone among diagnostic tools, while computerized tomography and nuclear 
imaging techniques have sharpened diagnostic accuracy. In patients with cardiac 
devices such as pacemakers and among prosthetic valve patients, modern imaging 
techniques are especially helpful.

The complex interplay between several conditions can lead to IE. If a surface 
is colonized by a pathogen via the bloodstream and the immunological response 
is ineffective, this may lead to IE. The entry of the pathogen can be skin, mouth, 
gastrointestinal, and urogenital as well as intravenous drugs, vascular access, or 
catheterization and surgical techniques. Unfortunately, antibiotic prophylaxis lacks 
convincing evidence. Although procedure-related antibiotics may reduce bacteremia, 
it may not result in the reduction of IE in general. High-risk individuals undergoing 
dental procedures seem to have benefited from prophylactic antibiotics according to 
recent data [2, 3]. Current guidelines recommend antibiotics prophylactically in four 
groups: previous IE and those with prosthetic valves, congenital heart disease, or 
ventricular assist devices [4].

For high-risk patients undergoing dental procedures, manipulating the gingiva or 
scaling of the root canal is recommended. Typically, streptococci should be covered; 
amoxicillin or cephalexin is a preferred regimen. Non-dental procedures may be asso-
ciated with IE among high-risk individuals, but data are very limited still. Current 
guidelines have changed from no recommendation toward possible use. In cardiac or 
cardiovascular interventions, perioperative antibiotics are recommended. In addi-
tion, patient education regarding adequate dental and skin hygiene is crucial. Being 
mindful about risk groups and providing them with written educational information 
is advisable.

Imaging is an essential part of the diagnostic workup. Transthoracic echocardiog-
raphy and transesophageal echocardiography are initial steps and often conclusive. 
Even though these tools are widely accessible, the quality may differ. Vegetation 
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characteristics and size will guide therapeutic decisions. Perivalvular complications 
include abscess, pseudoaneurysm, valve instability, fistulas, and perforations of 
valves. Computerized tomography provides additional information regarding peri-
valvular complications. Moreover, detection of distant lesions and sources of emboli 
can be facilitated by computerized tomography. Magnetic resonance imaging has less 
spatial resolution than computerized tomography but is helpful in the detection of 
neurological complications in the brain of spinal cord. Position emission tomography 
shows high sensitivity and specificity (both more than 80%) [5].

The definitions of IE have been revised. The major criteria are blood cultures posi-
tive for IE (typical microbes from two cultures) and confirmatory imaging (echocar-
diography, computerized tomography, and positron emission tomography). Minor 
criteria are predisposing conditions, fever higher than 38 C, embolic events with 
vascular disseminations, immunological phenomena, and microbiological evidence. 
A definite diagnosis of IE requires two major criteria, or one major and three minor, 
or five minor criteria. A possible diagnosis is defined as one major and at least one 
minor or three minor without a major criteria.

Effective antibiotic therapy in IE is important for successful treatment. Typically, 
the bactericidal approach is beneficial. Aminoglycosides are combined with cell 
membrane inhibitors but may cause side effects. Often 2–6 weeks in non-valvular 
cases is standard treatment, whereas 6 weeks or even longer periods are used when 
prosthetic valves are affected. Traditionally, intravenous treatment has been advo-
cated. However, an oral regimen after and initial phase of intravenous therapy can be 
used in about a fifth of the IE patients [6].

Staphylococcus aureus is the main culprit in acute and fulminant IE. Coagulase neg-
ative streptococci cause protacted valve affections [7]. Prosthetic valve endocarditis 
confers a high risk of death; about half of patients will die [8]. Many of these patients 
need surgery. Methicillin-resistant S-aureus (MRSA) is resistant to many antibiotics. 
Fungi are occasionally seen, most often among immunosuppressive patients, and is 
associated with poor outcomes.

Patients with IE have extended hospital stays that can be reduced by outpatient 
intravenous or oral antibiotic treatment. It is necessary to exclude patients with 
abscesses, heart failure, septic emboli, and stroke. The course should be stable.

Open-heart surgery is essential in some patients and results in 20% improved 
survival [9]. The main groups of surgical candidates are patients with acute heart 
failure, uncontrolled infection, and those at increased risk of septic embolization. 
The procedure is indicated within hours in some groups, within a few days in others, 
or during the hospital stay in yet another group. If antibiotics are effective, valve 
replacement follows the same guidelines as elective valve replacement [4].

Neurological complications can be the first manifestation of IE, or these com-
plications may occur during treatment. Unexplained fever in conjunction with 
symptoms of stroke should raise the suspicion of IE with embolization. Symptomatic 
cerebrovascular complications occur in one third of IE patients, and four-fifths have 
silent neurological effects. Stroke associated with IE carries an increased risk of 
mortality.

Cardiac rhythm disturbances may complicate the manifestation of IE. The ana-
tomical proximity of the valves and the conduction system makes the atrioventricular 
node vulnerable. Paravalvular abscess or aortic valve manifestations are more likely 
to be associated with severe bradycardia. Bradycardia may be caused by the spread 
of the infection or even by the surgery itself and may be severe enough to necessitate 
pacemaker implantation.
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An emerging group of IE patients has transcatheter aortic valve endocarditis. The 
risk of IE is similar to the risk of those with surgical prostheses. The majority is elderly 
with less typical symptoms; for example, fever may be absent.

Cardiac devices, pacemakers, and implantable defibrillators are susceptible to 
infections. These patients present with fever, embolic events, and signs of pocket 
infections. Careful evaluations using echocardiography as well as positron emission 
tomography may be useful. The treatment involves early and complete removal of the 
entire system. This procedure should be carried out at experienced centers.

Endocarditis is a severe diagnosis and involves decision-making among speciali-
ties. Uncomplicated cases may be managed at the local level, depending on the size of 
the hospital. In more complicated cases, the patient should be transferred to a hospital 
with expertise in thoracic surgery.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Endocarditis: Cardiac Surgery 
Treatment/A Thrilling Challenge  
in Cardiac Surgery
Dario Buioni, Paolo Nardi, Claudia Altieri, Calogera Pisano 
and Giovanni Ruvolo

Abstract

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

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

1. Introduction

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

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

2. Epidemiology

In the past, rheumatic heart disease was a predisposing condition, but is nowadays 
less commonly detected among cases of infective endocarditis, although the importance 
of such predisposing conditions persists in low-income countries [15]. Therefore to 
know the real patient age, comorbidities, place of acquisition, type of endocarditis, 
microbiological data, and mortality rate worldwide. Cases associated with intravenous 
drug use have decreased, but dramatic increase in North America and in some Eastern 
European countries [16]. In high-income countries, cases are increasing for degenera-
tive valve disease, intracardiac devices, indwelling catheters, and immunosuppression 
[17, 18]. This explains why the latest analyses of the demographic of endocarditis cases 
show a trend toward nosocomial characteristics, elderly patients, staphylococcal, entero-
coccal cases, and the involvement of prosthetic valves and cardiovascular implantable 
electronic devices (CIEDs). Other etiologies: 2–5% can be produced by Gram-negative 
bacilli (HACEK group [19]). Fungal endocarditis accounts for less than 2% of cases, 
mainly caused by yeasts of the genus Candida spp and rarely by other filamentous 
fungal yeasts [20]. A variable proportion (up to 10–20% of cases) without documented 
etiology is considered “culture-negative endocarditis” mostly as a consequence of prior 
administration of antibiotics or caused either by slow-growing microorganisms or from 
intracellular bacteria that are difficult to cultivate (e.g., Chlamydophila spp., Bartonella 
spp., Tropheryma whipplei). Staphylococcus aureus is the most frequently isolated patho-
gen in high-income countries with a reported percentage of 30% of cases. Habib et al. 
In the EURO-ENDO registry, from 1 January 2016 to 31 March 2018, centers were asked 
to include consecutive patients aged greater than 18 years who presented with IE during 
a 1-year period [21]. A total of 156 centers from 40 countries included 3116 cases of IE, 
representing an average of 20.19 patients per center per year offers a unique opportunity 
to assess the current characteristics of IE in Europe [22]. It allows us to consider clini-
cal presentation, microbiology, complications, management, and prognosis. Several 
countries outside Europe also participated in this study, allowing the analysis of IE on 
the basis of geographical and socioeconomic factors. It will allow a comparison with the 
EuroHeart survey [23, 24]. The main messages emerging from EURO ENDO: IE most 
frequently affects men around 60 years of age; prosthetic valve infective endocarditis 
(PVIE), CIED, nosocomial, staphylococcal, and enterococcal endocarditis are more 
frequent. Sepsis and septic shock are severe complications that may arise from any 
type of infection, which can eventually lead to a multiorgan failure. It appears to be 



Endocarditis – Diagnosis and Treatment

8

associated with particularly virulent microorganisms such as S. aureus and beta-hemo-
lytic Streptococci. Indeed, due to their invasive and destructive effects on the affected 
anatomical structures, these bacteria can seed distant septic metastases. The extraction 
of exotoxins that can act as superantigens, which overactivate the immune system. The 
systemic inflammation that is consequently triggered has an important hemodynamic 
impact, with endothelial dysfunction and a drop in vascular resistance. This serious 
situation explains why the presence of septic shock is associated with an increase in the 
risk of mortality. IE develops in three stages: bacteremia, adhesion, and colonization. In 
bacteremia, bacteria enter the bloodstream via the mouth, gastrointestinal, and urinary 
tracts, or the skin, through venous catheters or after an invasive medical or surgical 
procedure. Adhesion: whereas the normal endothelial lining of the heart is resistant to 
bacterial adhesion, bacteria are able to adhere to abnormal or damaged endothelium 
via surface adhesins. These proteins mediate attachment to extracellular host matrix 
proteins, facilitated by fibrin and platelet microthrombi. Bacterial adhesion gives rise to 
colonization; cycles of bacterial proliferation occur in addition to thrombosis, monocyte 
recruitment, and inflammation, leading to formation of mature vegetation. Many of the 
microorganisms produce biofilms that protect bacteria host immune defenses, impede 
antimicrobial efficacy, and hide resistant persister organisms. Biofilm is an important 
determinant of virulence in staphylococcal device-related infections. In general, three 
blood culture series detect the presence of pathogens in 96–98% of bacteremia who 
have not yet started antibiotic therapy, in coagulase-negative Staphylococci. The blood 
culture does not need to be done at the febrile peak because the presence of the pathogen 
is not related to the extent of the fever. It’s possible that no pathogen growth from blood 
cultures delays diagnosis, which, is reported in up to 10% of cases. Fungal endocarditis 
usually caused by Candida or Aspergillus, is very aggressive and often fatal because it 
occurs in the immunosuppressed patient or after cardiac surgery, mainly in prosthetic 
valve recipients. After surgery can help in the microbiological diagnosis through the use 

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

3. Diagnosis

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

4. Imaging

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

5. Surgery approach

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

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

The tricuspid valve, which has been known as the “forgotten valve”, must not be
ignored in infective endocarditis. Tricuspid valve infective endocarditis is a very
complex condition and occurs in a complex patient population. The causative organ-
isms are often highly virulent and patients usually have a history of intravenous drug
abuse. Although the success rate of antibiotic therapy is high, certain features or
complications may require surgery. Understanding the therapeutic options, the chal-
lenges of surgical intervention and the components of the patient-centered longitudi-
nal care plan is crucial in order to minimize the risk of relapse, which is unfortunately
not uncommon in these patients.

Keywords: tricuspid valve, infective endocarditis, tricuspid valve repair, tricuspid
valve replacement, intravenous drug use

1. Introduction

In order to feel comfortable with tricuspid valve surgery, one has to have an
excellent understanding of the peculiarities of right heart surgery. Surgical interven-
tions on the right heart have many unique characteristics which differ significantly
from those of the left heart. These must not be overlooked. Right heart surgery has a
false reputation of being more “forgiving” in case of a technical error or a complica-
tion. Here are other distorted viewpoints that sometimes resurface: “If the left heart
works well, the right heart follows”, or “Anything can work on the right heart”.
Believing that surgery on the right heart is less challenging than surgery on the left
heart is a perilous perception. Experience has taught us that this is far from being the
case. We would even argue that it’s the opposite. Right heart surgery requires addi-
tional experience and rigorous technical skills.

The right ventricle is highly compliant and is able to accommodate an important
increase in preload conditions (Figure 1), such as in tricuspid regurgitation, even in the
acute phase. The occurrence of symptomatic right heart failure under these hemody-
namic circumstances will therefore be delayed compared to left heart failure secondary
to acute mitral insufficiency. However, this pathophysiologic attribute can turn into a
hurdle following tricuspid valve repair or replacement: the symptom recovery curve
follows the same trajectory as symptom progression and correction of the tricuspid
regurgitation may not yield immediate symptomatic improvements. In the meantime,
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the right heart, which is afterload-sensitive, must increase its output while facing more
resistance. The right ventricle can therefore be more vulnerable than the left ventricle in
certain scenarios. This concern feeds to the controversy of appropriate surgical timing
for tricuspid intervention [1]. Current evidence seems to be in favor of early interven-
tion [2]. Experts in the field of mitral valve surgery have also studied the progression of
tricuspid valve disease following successful mitral valve repair [3]. They highlighted the
importance of prophylactic tricuspid annuloplasty during mitral valve surgery for more
severe cases of tricuspid annular dilation [3].

Myocardial protection of the right ventricle is very delicate and cross-clamping
may subject the right ventricle to deleterious injuries that might not be as well toler-
ated as the left ventricle. In fact, intuitively, experienced cardiac surgeons will say that
if right ventricular function is preserved following aortic unclamping, it indicates that
myocardial protection was adequate. In case of suboptimal myocardial protection,
signs of myocardial dysfunction will usually be more evident in the right ventricle. It
is sometimes thought that right heart “resuscitation” can simply be achieved with
replacement fluid therapy. However, the right ventricle is more sensitive to conduc-
tion and rhythm disturbances compared to the left ventricle. As mentioned previ-
ously, the right ventricle is also highly afterload-sensitive. Right ventricular afterload
can be defined by pulmonary vascular resistance. This is why pulmonary hypertension
should be aggressively treated perioperatively. The use of milrinone and nitric oxide
to achieve afterload reduction have contributed to a significant improvement in out-
comes of patients with right ventricular dysfunction. Other vasopressors and
inotropes, such as vasopressin, norepinephrine, or epinephrine, can provide addi-
tional support and help to recover right heart function. These drugs are especially
useful in systemic inflammatory conditions such as infective endocarditis which can

Figure 1.
Frank-Starling curve of the failing right ventricle (dotted line), which is much flatter compared to that of the
failing left ventricle: Its stroke volume variation is minimal with the increase in preload.
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be accompanied by hypotension. In addition, acutely elevated inflammatory bio-
markers are a strong predictor of short-term adverse outcomes [4]. Therefore, if the
patient’s clinical state allows it, differing surgical intervention until peak inflammation
subsides might improve prognosis.

Lastly, an important technical point to be cognizant of is the delicate tissue
manipulation that is required when operating on infected right-sided structures: the
latter, being more fragile at baseline compared to left-sided structures, can be easily
damaged. In those circumstances, the pericardium, whether autologous or heterolo-
gous, becomes an indispensable material.

2. Anatomical characteristics of the tricuspid valve

2.1 The tricuspid valve complex

As its name suggests, the tricuspid valve is generally composed of three cusps or
leaflets. The leaflets are named by the position of their annular attachment: septal,
anterior and posterior. While the leaflets vary in their circumferential and area sizes,
the posterior leaflet is the smallest [5]. The septal leaflet (Figure 2) has distinct
characteristics: it has a narrow, rectangular, shape and is inserted directly into the
membranous septum via many third-order chordae [6].

The subvalvular apparatus of the tricuspid valve is similar to that of the mitral
valve: the presence of papillary muscles (contractile function) and chordae tendinae
(elastic function) (Figure 3) allow for a functionally dynamic behavior [7]. The
tricuspid valve apparatus includes 2 main papillary muscles (anterior and posterior),
as well as a third variable and rudimentary papillary muscle (septal) [5]. The anterior
papillary muscle is typically the largest and the most constant one [8]. It lends chordal
support to the anterior and posterior leaflets, and, occasionally, to the moderator
band [6]. The posterior papillary muscle supports the posterior and septal leaflets [6].
The four valves, including the tricuspid, lie within the fibrous skeleton of the heart
(Figure 4). The fibrous continuity occurs through the fibrous annulus of the tricuspid
valve, providing a firm support structure for the valve. However, unlike the mitral

Figure 2.
Septal leaflet of the tricuspid valve (black arrow).
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valve, the tricuspid valve has no fibrous continuity with its corresponding semilunar
valve [6]. Despite having different spatial positions and orientations within the
cardiac fibrous skeleton, all four cardiac valves are anchored to that inert collagen
framework. Understanding the anatomic conformation of the fibrous skeleton is cru-
cial to understanding the structure–function relationships of each heart valve with
other cardiac entities, such as heart chambers, coronary arteries or the conduction
system. It then becomes intuitive to predict both the natural history of a disease and
the iatrogenic complications related to its management.

2.2 Anatomical relationships of the tricuspid valve with other cardiac structures

2.2.1 Right coronary artery

The course of the right coronary artery is intimately related to the anterior and
posterior leaflets of the tricuspid valve (Figure 5). In the setting of tricuspid valve
endocarditis, bacterial invasion can spread into the tricuspid ring and form a
periannular abscess. The abscess may cause an erosion of the adjacent tissues such as
the coronary artery wall, resulting in coronary-cameral fistulae between the right

Figure 3.
Chordae tendinae (white arrow) attaching to the anterior leaflet of the tricuspid valve (black arrow).

Figure 4.
A and B) fibrous cardiac skeleton (green dots) anchors the four cardiac valves. AV: Aortic valve; MV: Mitral
valve; PV: Pulmonary valve; TV: Tricuspid valve.
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coronary artery and the right atrium or the right ventricle [9]. Paradoxically, congen-
ital anomalies of the coronary arteries are a well-recognized risk factor of infective
endocarditis [10]. Septic coronary thrombosis is another rare but potential complica-
tion since infective endocarditis causes an impairment of immunothrombosis [10].
During tricuspid valve repair or replacement, iatrogenic injury to the right coronary
artery (occlusion, thrombosis or dissection) can occur either directly from suturing
through or around the artery, or indirectly from the tension placed on adjacent tissue
and leading to a kinking mechanism once the sutures are pulled taut [11].

2.2.2 Conduction system

The tricuspid valve complex is closely associated with the conduction system and
this has important implications for tricuspid valve repair and replacement.

The anatomy of the conduction system at the atrioventricular junctions has been
extensively described by Anderson et al. [12, 13]. The atrioventricular node is located
at the base of the septal aspect of the right atrium, just above the tricuspid valve. The
bundle of His, which connects the atrioventricular node to the left and right bundle
branches, is located just below the postero-superior margin of the membranous sep-
tum. The triangle of Koch serves an as an anatomic landmark for the location of the
atrioventricular node. The triangle of Koch is delineated by the continuation of the
Eustachian ridge as the tendon of Todaro and by the hinge of the septal leaflet of the
tricuspid valve. These borders meet at the membranous septum, forming the apex of
the triangle. The tendon of Todaro can be identified by gently pulling on the coronary
sinus, which will reveal a linear prominence connecting the coronary sinus to the
anteroseptal commissure of the tricuspid valve. The apical region of the triangle of
Koch contains the atrioventricular node before it becomes a penetrating bundle, the

Figure 5.
Superior view of cadaveric heart valves (normal anatomy). The anterior wall of the heart is at the top of the
picture and the left and right atria were removed. The coronary arteries were dissected. The right coronary artery
(RCA) is in close proximity to the antero-posterior aspect of the tricuspid valve annulus (white asterisks).
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bundle of His, and enters the membranous septum at the apex (Figure 6). The
atrioventricular conduction axis is surrounded with the insulating tissues of the cen-
tral fibrous body. One should therefore keep in mind that any traumatic lesion to the
conduction system around the atrioventricular junction could lead to a complete
atrioventricular block, necessitating a permanent pacemaker implantation. Indeed,
during tricuspid annuloplasty, the use of an open “C” ring avoids the necessity of
suturing near the atrioventricular node, reducing the risks of complete heart block.

2.2.3 Left atrium

Right to left inter-atrial shunts related to tricuspid valve endocarditis and subse-
quent severe tricuspid regurgitation have been previously reported [14, 15]. In these
cases, the regurgitant jet was being directed across an inter-atrial defect, patent
foramen ovale or atrial septal defect, causing an acute right to left shunt. Depending
on the magnitude of the shunt, patients can develop significant symptoms from
refractory hypoxia and heart failure.

2.2.4 Right coronary sinus of Valsalva

Involvement of the right coronary sinus of Valsalva in the context of infective
endocarditis is typically seen with double-valve endocarditis involving both the aortic

Figure 6.
Triangle of Koch (blue).
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and the tricuspid valves [16]. The infection may originate from the aortic leaflets and
invade the tricuspid valve through the periannular structures abutting the right coro-
nary sinus of Valsalva (Figure 7). This should be suspected in cases of aortic valve
endocarditis associated with a heart block, even after a reassuring echocardiogram
that had no signs of tricuspid regurgitation. During surgical intervention, careful
exploration should be undertaken to exclude the presence of a contiguous abscess.
Lastly, the right coronary sinus may develop aneurysmal dilatation caused by mycotic
degeneration of the arterial wall [16].

3. Preoperative evaluation

3.1 Clinical evaluation

Performing a clinical baseline assessment is important not only to allow for a coher-
ent medical surveillance, but also to rule out a left-sided endocarditis and therefore a
systemic dissemination. Any sign of left-sided or systemic infection in the context of
tricuspid valve infective endocarditis should raise suspicion for the presence of a patent
foramen ovale, a multisite infective endocarditis, a contiguous spread of infection or an
endocarditis complicated by perforation. A proper clinical evaluation should also
include an assessment of the criteria for sepsis. Concomitant sepsis and the patient’s
hemodynamic tolerance will affect timing of surgery. The clinician should look for
pathophysiological changes associated with infective endocarditis, such as those enu-
merated in the modified Duke Criteria [17], but also for indicators of prognosis. Exam-
ples of combined diagnostic and prognostic findings include right-heart failure caused
by tricuspid insufficiency, hepatocellular dysfunction, splenomegaly and cachexia.
Another essential role of careful physical examination is to identify or confirm a source
of infection or portal of entry. Up to 90% of infective endocarditis cases are caused by
the bacteria staphylococci and streptococci, which typically enter the bloodstream from
the skin or mucosal surfaces [18, 19]. In 35 to 60% of cases, a portal of entry cannot be
ascertained [18, 19]. In patients with known substance use disorder, a wide spectrum of
cutaneous manifestations of parental drug abuse may be observed at injection sites.
Examples include skin popping (subcutaneous injection), muscle popping (intramus-
cular injection), ulcers, hyperpigmentation or track marks on the arms, legs, neck,
genitalia, inguinal area or between the fingers and toes [20].

Figure 7.
Anatomic relationship between the right coronary sinus of Valsalva and the septal aspect of the tricuspid valve
from the a) aortic view and B) the tricuspid view.
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3.2 Laboratory testing

The routine preoperative laboratory testing ordered for patients undergoing car-
diac surgery should be performed. This includes complete blood count, platelet count,
identification of blood group, coagulation panel, as well as a comprehensive metabolic
panel. In the context of infective endocarditis, a baseline procalcitonin and C-reactive
protein levels should be obtained. These two inflammatory markers can have an
influence on decisions regarding management. In the preoperative period, they have a
prognostic value correlating with disease severity and can provide another argument
for optimal surgical timing. In the postoperative period, they have a prognostic value
correlating with resolution of illness and can therefore help monitor treatment
response, either hinting towards a recovery or recurrent infection and treatment
failure [21–23].

Serum albumin is closely linked to the patient’s metabolic status.
Hypoalbuminemia can indicate a hepatic insult, an immune disorder or a sepsis-
induced catabolism [24]. Low serum albumin levels can also affect pharmacokinetics
and pharmacodynamics by decreasing the extent of antibiotic bound to albumin,
which increases the unbound fraction of the drug. Unlike the bound fraction of the
drug, the unbound fraction is the only fraction available for distribution and clearance
from the plasma. Low serum albumin is likely to increase the total volume of distri-
bution and clearance of an antibiotic, which would translate to lower antibacterial
exposures that might compromise the efficacy of the treatment [25].

Preoperative liver function tests are essential when planning for surgery of right-
sided endocarditis, mainly for two reasons: (i) Right-sided endocarditis in non-drug
addict patients without significant medical history is very uncommon; the average
patient affected by tricuspid valve endocarditis often has a debilitated medical condi-
tion: immune disorder, substance use disorder (drugs and alcohol), cirrhosis, hemo-
dialysis, poor nutritional status and cachexia. (ii) Tricuspid valve endocarditis can, if
associated with significant tricuspid insufficiency or right-heart failure, alter hepatic
function secondary to hepatic venous congestion. A liver panel should still be
performed even in the absence of ascites or jaundice to rule out a subclinical liver
insult: thrombopenia, abnormal increase in international normalized ratio (INR),
hypoalbuminemia, hepatic cytolysis, pancreatic enzymatic reaction and decrease in
factor V. Such findings should warn of an increased risk to develop an acute liver
failure or significant coagulopathy during or after the surgery.

3.3 Toxicology screening

In cases where illicit drug use is still suspected (but denied by the patient), a urine
drug screen can be done. It will detect evidence of recent cocaine, cannabis, opioids,
barbiturates and benzodiazepines use. Detecting and assessing illicit drug use is very
important to ensure a proper and individualized therapeutic approach. The perioper-
ative management of patients suffering from drug addiction is fundamentally differ-
ent from that of non-drug addict patients, both from a medical and surgical
perspective. This will be discussed in detail in a subsequent section.

3.4 Microbiology

A systemic infection workup should be performed in order to obtain a complete
microbial profile: nasal and rectal swabs, cytobacteriological examination of urine
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(CBEU), cytobacteriological examination of the sputum (CBES), blood cultures and
serology testing. As a general rule, two sets of blood cultures should be collected
immediately and a third one at least 1 hour apart. These blood cultures should be
obtained within the first 24 hours of hospital admission. It is well recognized that the
sensitivity of blood cultures is largely related to antibiotic uptake prior to blood
collection, but also to the volume of the blood sample: 10 mL per blood culture bottle
is needed for optimal diagnostic sensitivity [26].

Approximately 5% of case of suspected infective endocarditis yield negative blood
culture results, which is often due to prior antibiotic therapy [27]. This should prompt
an extension in the duration of incubation of blood culture bottles and ordering a list
of molecular tests for culture-negative endocarditis [27]. Two molecular techniques
can be used: polymerase chain reaction (PCR), which can either be broad-range or
pathogen-specific, and serologic assays, which are especially useful in the presence of
intracellular organisms such as Coxiella or Bartonella spp. [28].

While the most common etiologic organism of tricuspid valve endocarditis is
Staphylococcus aureus (Table 1), polymicrobial infections are also frequent [29].
Fungal endocarditis is a rare but life-threatening condition with a poor prognosis and
a mortality rate up to 54% [30]. It should be suspected in the following clinical
scenarios: illicit drug use, immunosuppression and/or neutropenia, malignant
hemopathies or long-term central venous catheter use. In these cases, serology tests

Organism Incidence Risk factors Other features

Staphylococcus
aureus

40–45% Skin lesion, IVDU (especially
MRSA), indwelling prosthetic
device (vascular catheters,

intracardiac devices, orthopedic
prostheses)

Most prevalent pathogen

Coagulase-
negative
Staphylococcus

5% Alcoholism, prosthetic valves,
indwelling vascular catheters

Streptococci
(especially
Streptococcus
pneumoniae)

30–35% Alcoholism, prosthetic valves,
indwelling vascular catheters, poor

dentition

More dominant in left-sided IE

Pseudomonas
aeruginosa and
other gram-
negative bacteria

10% Neutropenia or other
immunodeficiency, advanced age,
pancreatobiliary tract disease,
severe burns, indwelling central

venous or urinary catheter,
traumatic wounds that have been
contaminated with fresh water

Commonly hospital-acquired
(especially in ICU)

Fungi 1–10% Indwelling central venous
catheters, IVDU, prosthetic heart
valves or other valvular disease,

cancer chemotherapy

Relatively high mortality, incidence
rising due to immunocompromised,
aging population and intracardiac

devices

ICU: intensive care unit; IE: infective endocarditis; IVDU: intravenous drug use; MRSA: methicillin-resistant S. aureus.
Adapted from “Preeminence of S. aureus in infective endocarditis: a 1-year population-based survey,” by C. Selton-Suty
et al., 2012, Clin Infect Dis., 54(9):1230–9. and from “Trends in Infective Endocarditis in California and New York
State” by N. Toyoda et al., 2017, JAMA, 25;317(16):1652–1660. CC BY-NC.

Table 1.
Common causative microorganisms for right-sided infective endocarditis.
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for Aspergillus and Candida spp. should be obtained, in addition to the serum
galactomannan antigen test (Aspergillus spp). In case of a negative preliminary
workup for fungal infections, β-d-Glucan is an attractive antigen found in cell walls of
a broad range of fungal agents and can then be considered [31].

Serological testing for human immunodeficiency virus (HIV)-1 and HIV-2 should
be obtained, especially in patients with drug use disorders. Preoperative testing not
only helps with patients’ management, but it also raises awareness among healthcare
providers and prepares them to readily apply the principles of postexposure manage-
ment in the event of occupational exposure to blood.

3.5 Imaging investigations

3.5.1 Echocardiographic imaging

Transthoracic echocardiogram is the diagnostic procedure of choice and is often
sufficient to assess and characterize the pathologic lesions [32, 33]. This is especially
true in patients with tricuspid valve endocarditis since this patient population is
typically young, has a lower body habitus and larger vegetations [34]. Despite the
good performance of transthoracic echocardiogram, transoesophageal echocardio-
gram has a higher sensitivity �90% compared to 50% for transthoracic echocardio-
gram- and is better for detecting certain diagnosing features of endocarditis [34]. It is
particularly useful for: (i) recognizing subaortic complications, abscesses or fistulas,
(ii) ruling out pulmonary valve endocarditis and (iii) better visualizing pacemaker
leads and prosthetic valves [35]. It is essential to obtain a detailed anatomical assess-
ment of all the cardiac valves and surrounding structures prior to surgery in order to
avoid finding unexpected tissue damage during surgical exploration and avoid
unplanned surgical steps. For that reason, transoesophageal echocardiogram should be
seen as complimentary to transthoracic echocardiogram [36, 37].

3.5.2 Other imaging workup

In theory, cerebral imaging has little value in right-sided infective endocarditis but
it should be done in the presence of any focal neurologic deficit. Cerebral lesions,
depending on their extent and severity, may affect timing of surgery or may even be a
contraindication to surgery. In addition, any sign of brain involvement in right-sided
infective endocarditis suggests a concomitant left-sided endocarditis or the spread of
the infection from a right-sided valve to left-sided structures.

With tricuspid valve endocarditis, a computer tomography scan of the chest,
abdomen and pelvis must be obtained to evaluate for septic emboli, infarcts or
abscesses (Table 2).

18F-fluorodeoxyglucose positron emission tomography-computed tomography
(FDG PET-CT) has been included into the recommended workup for patients with
suspected infective endocarditis, according to major society guidelines [38, 39]. In the
context of inflammation or infection, 18F-fluorodeoxyglucose, an analogue of glucose,
is primarily taken up by activated neutrophils which exhibit enhanced glycolysis,
hence acting as a radiotracer. There are two main indications for performing an FDG
PET-CT: (i) to supplement the echocardiogram in characterizing intracardiac infec-
tions, especially in the endocardium, and (ii) to detect clinically silent disseminated
disease [40]. However, ambiguity remains regarding the optimal use and timing of
this imaging modality [38, 39]. In addition, FDG PET-CT is non-contributory for
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cerebral imaging in this setting given the principles of brain metabolism. Its usefulness
is also very limited in the early postoperative period owing to the acute sterile inflam-
matory changes induced by surgical insults, which increase the likelihood of a false-
positive finding [41].

The addition of radiolabeled white blood cell scintigraphy looks promising, espe-
cially for differentiating between active infection and inflammation. However, its
complexity, limited availability and lack of adaptation are the main challenges to its
use [42].

3.6 Intraoperative investigations

In cases in which definitive microbiologic diagnosis cannot be established preop-
eratively based on culture or serology alone, tissue samples must be collected
intraoperatively from the infected valve/tissues or vegetations. These specimens
should be sent fresh in appropriate sterile containers for both histopathological and
microbiological examinations, but the largest sample should be sent to the molecular
diagnostic unit to perform a broad-range PCR. This highly sensitive technique
amplifies small quantities of 16SrDNA (for bacteria) or 18SrDNA (for fungi), which
can then be sequenced for specific pathogen identification [43].

Achieving quality verbal and written communication between the pathologist,
biologist and surgeon is crucial to avoid any loss of information, diagnostic error, and
patient harm. Multiple components should be clarified, including pertinent clinical
information, intraoperative observations, precise location of tissue removal, diagnos-
tic uncertainty, specific tests that are required, expectation of report turnaround time,
etc. [44, 45]. The pathologist and biologist should understand the role of the requested
laboratory tests in the diagnostic process and therapeutic strategy, and their impor-
tance for antibiotic stewardship.

3.7 Postoperative investigations

Treatment response must be assessed postoperatively with serial complete blood
counts, procalcitonin and C-reactive protein levels. After hospital discharge, both
clinical and echocardiographic follow-up are recommended to monitor potential
complications, such as recurrence of infection, persistent valve dysfunction, heart
failure, development of new vegetations, etc. International guidelines recommend
obtaining a baseline transthoracic echocardiogram at the completion of antimicrobial
therapy, followed by serial examinations at 1, 3, 6 and 12 months [46]. In the presence

Valvular/Local Nonvalvular/Peripheral

Tricuspid insufficiency Tricuspid stenosis Valve
destruction Leaflet perforation Periannular abscess
formation

Pulmonary: embolism, infiltrates, exudates, abscess,
cavitation, aneurysms, pleural effusion.
Systemic embolism and infarcts (most often
paradoxical embolus via patent foramen ovale or
intracardiac shunt)
High degree atrioventricular block
Septic shock
Multiorgan failure

Table 2.
Major complications of tricuspid valve infective endocarditis.
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of prosthetic valve or other biomaterial, a PET scan can be obtained 3 months after
surgery to rule out a recurrent infection with higher sensitivity. However, it should be
interpreted carefully by an experienced user and images should be compared to any
previously obtained sequence to avoid any false-positive result caused by normal
postsurgical aseptic inflammatory changes [41].

4. Guidelines on the surgical management of tricuspid valve endocarditis
in adults

4.1 Indications

Any decision about surgical intervention should be made by a heart valve
multidisciplinary team. Decisions on surgical intervention are complex and depend on
many clinical and prognostic factors that vary among patients, including causative
organism, vegetation size, presence of perivalvular infection, presence of embolism or
heart failure, age, noncardiac comorbidities, and available surgical expertise. Deci-
sions on the indication and timing of surgical intervention should be determined by a
multispecialty team with expertise in cardiology, imaging, cardiothoracic surgery, and
infectious diseases. Indications for surgical intervention in right-sided infective endo-
carditis include the following [39, 47]:

• Presence of highly resistant organisms;

• Persistent bacteremia for >5–7 days despite adequate antimicrobial therapy;

• Right heart failure due to severe tricuspid regurgitation with poor response to
medical therapy;

• Paravalvular abscess or destructive penetrating lesions;

• Heart block;

• Recurrent septic pulmonary emboli;

• Large, persistent vegetations (>20 mm).

The first five clinical scenarios are a Class I indication for early surgery according
to the 2020 American College of Cardiology/American Heart Association guidelines
for the management of valvular heart disease [48]. Early valve surgery represents a
surgery that is done during the initial hospital course, prior to completion of antimi-
crobial therapy. Reasons to consider early surgery are to avoid progressive heart
failure and irreversible structural damage caused by the infection. Early surgery for
recurrent pulmonary emboli is a class 2a indication according to those same guide-
lines, while early surgery for large (>20 mm) vegetations is a class 2b indication. In
patients with implanted electronic devices, infection of the entire system is likely and
this mandates complete removal of leads and generator in order to eradicate the
infection (Class I). Because of its high success rate and low complication rate,
interventional transvenous extraction of pacemaker leads is favored over surgical
extraction.
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The 2015 European Society of Cardiology guidelines for the management of infec-
tive endocarditis list three Class IIa indications for surgical intervention of right-sided
infective endocarditis [38]:

• Right heart failure due to severe tricuspid regurgitation with poor response to
medical therapy;

• Presence of highly resistant organisms that are difficult to eradicate;

• Persistent bacteraemia >7 days despite adequate antimicrobial therapy;

• Tricuspid valve vegetations >20 mm that persist after recurrent pulmonary
emboli.

4.2 Contraindications

In theory, there are very few contraindications to surgical intervention for endo-
carditis. However, in practice, some clinical scenarios present difficult dilemmas.
Patients >65 years of age have an increased risk of infective endocarditis and their
overall outcome is less favorable due to the presence of comorbidities, delayed pre-
sentation and frequent history of antimicrobial use. However, age per se is not a
preclusion to surgical intervention [49]. Risk stratification models such as the Society
of Thoracic Surgeons Endocarditis Score are available to predict morbidity and mor-
tality risks and to assist in patient-centered decision-making.

Recurrent endocarditis due to continued drug abuse is not an absolute contraindi-
cation to surgery, but many surgeons may see this intervention as futile. The ESC
guidelines recommend avoiding surgical intervention in patients who continue to
inject drugs, except in the situations mentioned previously that prompt early inter-
vention [38]. As part of decision-making about reoperation, the ACC/AHA guidelines
include a Class I recommendation to consult with experts in addiction medicine about
the patient’s long-term ability to refrain from drug use before deciding on surgical
candidacy. Cardiac surgery is contraindicated for at least one month after intracranial
hemorrhage unless neurosurgical or endovascular intervention can be performed to
reduce bleeding risk [48]. After an ischaemic stroke, surgery is only contraindicated if
there is extensive neurological damage and if the neurological prognosis is judged
too poor.

5. General principles of surgical management

Those principles follow the basic rules of the surgical management of contami-
nated and infected operative fields.

1.Whenever possible and if permitted by hemodynamic status, surgery should be
delayed until bacterial shedding is decreased. This is usually achieved within a
couple days of effective antibiotic therapy. That being said, a surgical delay that
is justified by the vain hope of achieving a sterile operative field and that results
in cardiac tissue destruction and deterioration in the overall clinical condition
may cause significant harm to the patient.
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2.Be aware that preoperative imaging always underestimates the severity of the
lesions. In other words, one should expect to find more tissue damage and
destruction.

3.“It’s like going to war.”: surgery for infective endocarditis has a higher burden of
unexpected findings and complications compared to other types of cardiac
procedures.

4.Regarding cannulation strategy for cardiopulmonary bypass, a bicaval
cannulation is a safer choice owing to its versatility.

5.Regarding cardioplegia, cases should be considered individually since multiple
strategies are possible. The chosen approach should however be shaped around
the surgeon comfort level and should allow to safely perform a complex surgery.

6.Retrograde cardioplegia may wash out distal emboli from the coronary ostia and
is therefore an attractive option in combined aortotricuspid valve endocarditis.

7.Minimal manipulation of cardiac structures until cardioplegic arrest to avoid
embolism.

8.Complete extraction of prosthetic material and debridement of all infected and
necrotic tissue.

9.Generous irrigation of the operative field with antibiotic solution and scrubbing
of healthy tissue with antibiotic-soaked gauze.

10.A non-antibacterial lavage with non-antibacterial solutions (povidone iodine,
superoxidised water, etc.) may also be used but has been shown to be less effective
at reducing surgical site infection compared to antibacterial solutions [50].

11.Thorough intraoperative histology and microbiology testing; this must be
done even if a causative agent was identified preoperatively in order to rule
out a polymicrobial infection or the presence of fastidious microorganisms
that did not grow on initial blood cultures. The results of these microbiology
tests will influence duration of therapy. Guidelines suggest that if resected
valve tissue is culture positive or if a perivalvular abscess is found, then an
entire course of antimicrobial therapy is reasonable after surgery [39]. All
appropriate containers as well as specimen collection and transportation
supplies should be available to avoid wasting samples. These should also be
clearly labeled.

12.The surgical instruments that are used for the first part of the surgery- until the
debridement of infected tissue- should be replaced for the second half of the
procedure to avoid contaminating the operative field.

13.For tricuspid valve repair strategies:

• Avoid the use of braided sutures as they are more prone to bacterial
adherence [51];
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• Favor the use of interrupted sutures [52, 53];

• Use pericardium strips or pledgets to consolidate suture lines.

14.Providing an adequate nutritional support is crucial owing to the
hypermetabolic state seen in sepsis [54, 55].

15. Insertion of a peripherally inserted central catheter (PICC) line or port-a-cath
should be seriously considered and discussed among the multidisciplinary team
for postoperative continuation of antibiotic therapy.

16.The risk of reinfection or recurrent infective endocarditis is a major concern;
however, this risk decreases over time [56].

5.1 Characteristics of tricuspid valve infective endocarditis

5.1.1 Surgical approach

In the majority of cases, a midline sternotomy is performed. However, a minimally
invasive surgical approach has been described for isolated tricuspid valve intervention
[57]. Through our experience, we find that both techniques can be safely and effec-
tively performed, but each has its own advantages and disadvantages. Ultimately, the
choice of approach should take into consideration the surgeon’s comfort level,
patient’s characteristics and patient’s preference. Minimally invasive surgery is an
excellent option for both redo and primary surgery cases. However, as stated previ-
ously, tissue damage and destruction if often found to be more severe than expected;
the operative field should therefore be accessible enough to perform a complete
debridement and repair.

5.1.2 Cardiopulmonary bypass

• Bicaval cannulation provides an unobstructed surgical field. These cannulas
typically have a right-angled tip to facilitate exposure.

• Vacuum-assisted veinous drainage will facilitate venous drainage, especially for the
subdiaphragmatic venous circulation which can be subjected to congestion
secondary to the retrograde flow from tricuspid regurgitation [58]. Adequate cardiac
decompression can even be achieved without snaring the vena cava [59].

• Vasoplegic syndrome following cardiopulmonary bypass remains a serious and
relatively frequent occurrence that will further complicate postoperative
hemodynamic management. Adding hemofiltration, leukocyte-depleting filters and/
or cytokine filters (CytoSorb®) to the pump circuit is particularly appealing in this
patient population because of their pro-inflammatory state and hypervolemic status.
However, evidence to support their use is still lacking [60, 61].

5.1.3 Cardioplegia

Aortic cross-clamping and cardioplegic arrest are not required in isolated tricuspid
valve disease; the procedure can therefore be done off-pump. This has several advantages:
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• It avoids triggering a second “inflammatory hit” that would otherwise exacerbate
the hyperinflammatory state and vasoplegia caused by the bacteremia;

• It avoids inducing myocardial ischemia associated with the use of
cardiopulmonary bypass;

• It allows real-time monitoring of the cardiac rhythm, thus allows to troubleshoot
rhythm disturbances when suturing around the triangle of Koch.

If a more complex surgery is needed (e.g. homograft replacement), aortic cross-
clamping becomes necessary; it will allow the surgeon to work on an immobile field,
thus enhance precision of hand gestures. If the infection affects other valves, the
tricuspid valve should be the last one to address, and if possible, after unclamping.
Aortic cross-clamping and cardioplegic arrest are also required when a patent foramen
ovale is diagnosed on echocardiogram in order to prevent venous air embolism or
embolic debris from the vegetations to paradoxically enter the systemic circulation. If
there is uncertainty regarding the extent of tissue lesions, a safe approach would be to
perform the surgery while on-pump, still with bicaval cannulation, which will allow
for any valvular correction. The choice of cardioplegia should be at the discretion of
the surgical team.

5.1.4 Incision and exposure

The right atriotomy is performed in parallel to the atrioventricular groove, at least
1 cm away from it in order to avoid injury to the right coronary artery during closure.
In case of a redo operation, the atrioventricular groove is often difficult to visualize
because of adhesions. The atriotomy can then be caried out along the virtual line that
connects the two venous cannulas. A proper exposure will help achieve a thorough
inspection of the cardiac structures and tissues. It includes a functional assessment of
the tricuspid valve, which can be achieved using hand-held retractors, a valve retrac-
tor system such as the Cosgrove retractor, or multiple suspension sutures. This step is
crucial as it will determine the optimal surgical approach (repair or replacement) to
address the valvular pathology.

5.1.5 Surgical closure

Most often, a single continuous prolene suture is enough to close the right
atriotomy. However, the free edges of the atriotomy might appear very thin with right
atrial enlargement, in which case a double running suture might be necessary, with or
without surgical adhesive.

6. Surgical management of tricuspid valve infective endocarditis

Two scenarios can be encountered when determining optimal surgical treatment
for tricuspid valve endocarditis:

1. If the endocarditis is considered sterile: The main concerns at that point are
potential hemodynamic instabilities and the risk of embolism. The purpose of
surgery is therefore to correct the tricuspid valve pathology but it will typically
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not be performed in emergent situations. Surgical timing remains a key element
to optimize outcomes: surgery must be offered early, whenever indications are
met, but before patients develop right heart failure. The choice of surgical
technique should take into consideration the degree of tissue damage, the
patient’s clinical status, their age, their burden of comorbidities and their risk of
recurrence.

2. If the endocarditis is not considered sterile: The main objective is to debride all
devitalized and infected tissue, such as vegetations or abscesses. Tissue that
appears edematous or abnormal should also be debrided. In addition to
correcting the tricuspid valve pathology, the goal of surgery is to also avoid
implanting any prosthetic material into an infected area.

6.1 Therapeutic options

6.1.1 Tricuspid valvulectomy

Proposed by Arbulu and colleagues [62], this surgical technique is rarely
performed today. The goal is to excise the tricuspid valve without replacing it. It
was performed mostly in patients with intractable endocarditis and ongoing drug
abuse who had a high risk of relapse or recurrent infection. Results were better
than expected and the reported mortality �29% on the first case series- was mainly
due to non-cardiac complications. The team of surgeons who pioneered this
operation still defend its merits, but its adoption has been largely decreased with
the advent of tricuspid valve repair techniques that do not involve the use of
prosthetic material [63]. The rapid advances in transcatheter heart valve
interventions might give tricuspid valvulectomy a second chance in cases of severe
and complex tricuspid valve infective endocarditis: in a double-stage procedure, a
tricuspid valvulectomy, performed first, would allow for an effective control of the
infection, followed by a transcatheter valve intervention to address the tricuspid
regurgitation.

6.1.2 Tricuspid valve repair

Tricuspid valve repair can be achieved using different techniques:

6.1.2.1 Vegetectomy/suture/patch

Vegetations are often found on the valve leaflets. Resection of the vegetation at
its base can lead to a leaflet defect (depending on the level of leaflet involvement).
A small defect can be sutured directly [64, 65]. As long as there is no chordal
resection, larger defects may require pericardial patching (e.g. glutaraldehyde-treated
autologous pericardium) in order to avoid leaflet distortion. Patching can be done
using either interrupted or continuous sutures [66]. In case of annular erosion or
abscess, all infected tissue should be debrided until a healthy circumference of
tissue is visualized. The remaining defect should be patched, and the annulus,
reconstructed: the preserved tricuspid leaflet can then be reattached to the
neo-annulus.
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6.1.2.2 Chordal damage

Rupture of chordae tendineae is rare and is usually associated with a free edge
destruction of the leaflet. This can be addressed with a leaflet reconstruction using a
patch and Gore-Tex chordoplasty. Artificial chords made of polytetrafluoroethylene
(PTFE) have good long-term durability and are relatively resistant to infection [67].

6.1.2.3 Annuloplasty

In the setting of annular abnormality (i.e. dilation or distortion), an attempt should
be made to restore annular rigidity, both for short-term and long-term benefits. The
following techniques can be used: (i) commissural plication or (ii) DeVega
annuloplasty. For commissural plication, an X suture is placed at the level of the
postero-septal and/or anteroposterior commissure. The depth of the suture deter-
mines the degree of annular size reduction. The DeVega annuloplasty consists of
running two parallel sutures between the postero-septal commissure to the antero-
septal commissure. The two sutures should run in opposite directions, the first suture
starting on the postero-septal commissure and the second, on the antero-septal com-
missure. The sutures are then tied using pledget reinforcement, while using an angled
Hegar dilator or a ring sizer (32 mm for men and 28 mm for women) to help accu-
rately size the annulus. Synthetic pledgets can be replaced with pericardial pledgets to
further reduce the risk of reinfection [68].

6.1.2.4 Annuloplasty ring

The decision to implant a prosthetic ring should be considered with caution and
weighed against the risk of reinfection.

6.1.2.5 Suture bicuspidization

The Kay technique is one way to achieve bicuspidization. It involves an
annulorrhaphy of the posterior segment which results in obliterating the posterior
leaflet. The Alfieri stitch, originately described for the mitral valve, can also be used
for the tricuspid valve, with satistifying results [69, 70]. It consists in suturing
together the middle point of the free edges of the tricuspid leaflets in order to create a
coaptation zone in the center. This also results in 2 or 3 tricuspid orifices, giving the
valve a clover shape. Indeed, this technique is sometimes referred to as “the Clover
Technique. Bicuspidization of the tricuspid valve seems to be well tolerated by
patients [71]. These techniques and their principles are being applied to the field of
transcatheter intervention [72].

6.1.2.6 Tricuspid valve replacement

The key point is to avoid injury to the conduction system. In order to achieve that,
two suturing techniques have been described: (i) placing the stitches into the fibrous
tissue along the septal leaflet or (ii) implanting the prosthetic valve above the level of
the coronary sinus, leaving the latter on the ventricular side.
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6.2 Selection of a substitute

6.2.1 Mitral homograft replacement

A tricuspid homograft is difficult to preserve because the leaflets are very thin and
the chordae tendinae, too numerous. The surgical technique is also challenging, mak-
ing it a suboptimal option in emergent situations. On the opposite, tricuspid valve
replacement with mitral valve homograft is feasible [73, 74]. The chords can be
implanted before fixing the homograft to the tricuspid annulus, or vice versa [73]. The
homograft can either be placed in the anatomical or the anti-anatomical position; the
optimal orientation being controversial, the choice remains at the surgeon’s discretion.
However, the benefits of adding an annuloplasty ring are well established [75]. A main
disadvantage of this substitute is that it’s not widely available in the required sizes for
the tricuspid annulus.

6.2.2 Inverted aortic valve xenograft

Implantation of a stentless aortic root prothesis using an inversion technique has
been described as an alternative to mitral homograft replacement [76]. The sinuses of
Valsalva should be trimmed prior to implantation, leaving only the commissural posts
suspending the aortic valve within. These posts will serve as chordal attachments. The
xenograft is positioned, sutured in place and the commissures are attached to the right
ventricular cavity.

6.2.3 Mechanical prosthesis

The main challenge is the requirement for lifelong oral anticoagulation using a
vitamin K antagonist. This is a serious concern, especially in the tricuspid position
because the tricuspid valve is a low flow valve, which increases the risk of thrombo-
embolic events. During implantation, particular care must be taken to ensure normal
leaflet excursion.

6.2.4 Bioprosthesis

These do not require lifelong anticoagulation; however, vitamin K antagonists
should be considered in all patients for 3 to 6 months after surgery. Other advantages
include:

i. A good long-term durability in the tricuspid position given the low flows;

ii. An excellent anchoring frame for future transcatheter valve therapy;

iii. In case of a recurrent endocarditis, the infection will tend affect the leaflets
rather than the annulus.

During implantation, the struts of the bioprosthesis should be positioned so they
straddle the conduction tissue, which helps to avoid heart block.
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6.3 Transcatheter valve therapy

Many cases of infective endocarditis post-transcatheter heart valve interventions
have been described, but literature specifically describing the use of transcatheter
valve therapy to address endocarditis remains scarce. The reason probably stems from
the fact that infective endocarditis often involves tissue damage which requires surgi-
cal debridement. In addition, transcatheter tricuspid valve therapy is still in its early
stages of development [77]. Current tricuspid valve catheter devices can be divided
into four categories, according to their mode of action: annuloplasty devices, edge-to-
edge repair devices, coaptation devices and caval valve devices. These devices can
address the tricuspid regurgitation, but not the tissue lesions, thus representing an
incomplete therapeutic solution to a complex condition. Recently, a percutaneous
vacuum-assisted device coupled with a veno-venous extracorporeal system
(AngioVac, AngioDynamics) was introduced for the removal of right-sided intracar-
diac masses. The system is inserted through the femoral vein and consists of a 22
French coil-reinforced drainage canula. Several case series showed a high success rate
for debulking large vegetations (2 cm on average), leaving small residual vegetations
which can be treated with antibiotics [47, 77]. This promising therapeutic avenue
could certainly benefit patients who have a prohibitive surgical risk and those in
whom implantation of prosthetic material is to be avoided (e.g. ongoing drug abuse).
Furthermore, percutaneous aspiration of vegetations may help reduce the immediate
risk of septic embolization while allowing surgeons to postpone definitive interven-
tion at a later date, once the clinical status is improved. In cases where there is no need
for surgical debridement, this definitive intervention could even be a transcatheter
heart valve intervention. However, percutaneous vacuum-assisted devices have their
own potential adverse effects, including vascular access complications or disruption of
the vegetation leading to pulmonary embolization [47, 77]. Larger prospective studies
are needed to determine their safety and efficacy.

6.4 Outcomes

The clinical outcomes of surgical interventions on the tricuspid valve are difficult
to interpret. This is in part explained by the fact that most published data come from
small case series, while larger studies often do not exclude combined mitral and
tricuspid cases [78–81]. Operative mortality for tricuspid valve infective endocarditis
ranges between 6% and 30% but is rarely precipitated by the tricuspid intervention
itself. The most common risk factors for operative mortality include multivalvular
endocarditis and preoperative multiorgan failure. The postoperative and middle-term
prognosis are influenced by right ventricular function and the presence of pulmonary
arterial hypertension.

7. Specific management considerations

7.1 Intravenous drug users

Drug use disorder is the persistent and compulsive use of drugs despite substantial
harm and adverse consequences as a result of their use. Patients suffering from this
disorder become dependent on the intense but short-lived feelings of pleasure derived
from surges of activation of the brain’s reward system. Despite the knowledge of certain
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risk factors, there is not a definitive socio-professional or psychological profile that
perfectly predicts drug addiction. Drug addiction can affect anyone. However, it is
rarely openly disclosed by patients, and is instead presented as being occasional/recrea-
tional. People with substance dependency often report feelings of guilt and shame.
There are many barriers to getting help, including discrimination, misunderstanding or
fear of possible criminal consequences. Patients with drug addiction who are diagnosed
with infective endocarditis often present at an advanced stage that requires emergent
management. This context is not suitable for an abrupt drug discontinuation. A proper
drug weaning and tapering should be consensual and carefully planned. It is a long and
difficult process that should not be disrupted by a concomitant disease.

The provider-patient interaction in the presence of drug addiction can be defined
on three levels: (a) relational, (b) medical and (c) social.

7.1.1 Relational considerations

The context is certainly delicate. Unconscious bias may lead to poorer
interactions. Concomitant psychological or psychiatric disorders may be
precipitated into a crisis state or an acute phase of symptoms during hospital admission.
Health care providers will have to face many interpersonal challenges: establishing trust
and showing compassion while setting strict relational boundaries and therapeutic
principles. It is a competent adult’s prerogative to give, refuse or withdraw consent to
health care, and this must be a voluntary decision free of any coercion or pressure.
Ethical uncertainty can arise for health care providers when patients decline treatments
that appear to be in their best interests, however, there is a strong obligation to honor
the patient’s wishes. In order to avoid any ethical conflicts and to prevent patient harm,
continued and open discussions with the patient must occur along every step of the
therapeutic process to demonstrate mutual respect and even out power imbalances.

Health care providers should also be appropriately trained in withdrawal
management, including recognizing the physical and psychological symptoms of with-
drawal, applying behavioral management strategies and using the right medications for
alleviating common withdrawal symptoms. Drug withdrawal can occur at any stage of
the hospital stay, including postoperatively. In order to maximize patient and worker
safety, patients with drug abuse disorder should be enrolled in an inpatient withdrawal
management program. These services are staffed by an experienced and dedicated
multidisciplinary team that may include nurses, nurse practitioners, physicians, social
workers, recreational therapists, counselors and spiritual care professionals. In terms of
logistics, visitors on the unit should be closely monitored as they may smuggle drugs to
patients. Patients may also leave the unit to obtain substances outside on hospital
property. Having institutional policies about visitors and patients’ entries and exits
might facilitate collaboration with staff, as well as optimize effective prevention of
relapse during inpatient therapy.

7.1.2 Medical considerations

7.1.2.1 Serology

Obtaining serology testing is crucial, not only to help with patients’ management
(morbidity status, immunodeficiency versus immunocompetence), but to also protect
healthcare providers in the event of occupational exposure to blood.
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7.1.2.2 Surgery

Tricuspid valve repair techniques should be the preferred approach in this patient
population despite the presence of a fastidious organism, because the risks of a recur-
rent infection are very high. The implantation of prosthetic material should be seen as
a last resort.

7.1.2.3 Prescription drug interactions

Identification of potential drug interactions must be part of the preoperative eval-
uation. It is very important to gather a detailed and complete drug history (name,
type, frequency), including of illicit drugs, over-the-counter and herbal products.
Opiate addicts may have a skewed perception of pain and may have developed resis-
tance to analgesic therapy [82]. The latter can easily become a source of tension, or
even conflict, between the patient and primary care team: on one hand, the patient
may be convinced that staff is intentionally letting them suffer (paranoid thinking),
while on the other hand, the staff believe that the patient is exhibiting an exaggerated
pain behavior in order to obtain more opioid analgesics. In addition, providers are
often caught between a rock and a hard place: dosages should be high enough to
prevent withdrawal while avoiding an overdose.

7.1.2.4 Venous access

Obtaining venous access is often difficult owing to the chronic damage to the
peripheral venous system from intravenous drug use and frequent sites of vein
thrombosis. A peripherally inserted central catheter (PICC) line or an implanted port
(also called a “port” or “port-a-cath”) placement could therefore be necessary for the
completion of long-term antibiotic therapy. Paradoxically, these indwelling catheters
provide a tempting access for continued drug abuse and are therefore a significant risk
factor for recurrent infection in patients who decide to misuse them.

7.2 Social considerations

The follow-up of intravenous drug abusers after hospital discharge should include:
wound care, antibiotic treatment, psychological support and drug rehabilitation.
Without this follow-up, management remains incomplete and will most likely fail.
Indeed, prognosis of drug addicts following hospital discharge worsens over time
because they are in a more vulnerable state: the accumulated desire to abuse will be
maximal. This increased risk of relapse following hospital discharge should be openly
discussed with the patient as soon as possible, even as early as hospital admission.

7.3 Cardiac implantable electronic devices

7.3.1 Epidemiology and diagnosis

The reported prevalence of cardiac device-related infective endocarditis is
between 0.5% and 7% [83]. This phenomenon is on the rise despite strict sterile
surgical techniques and infection prevention and control practices such as systematic
antibiotic prophylaxis. The increased incidence of cardiac device-related infective
endocarditis is certainly linked to an aging population with multiple chronic
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conditions and increased metabolic and functional vulnerability [83]. Other patient-
related risk factors include female gender, diabetes mellitus, heart failure, active
cancer and long-term glucocorticoid therapy [84]. Procedure-related risk factors
include fever at the time of device implantation, prior temporary internal pacing,
implantation of more than two electrodes and hematoma formation at the pocket
region [84, 85]. The risk of infection is multiplied by two after a generator replace-
ment or a surgical reexploration [84, 85]. Admission mortality rates associated with
cardiac device-related infective endocarditis have been reported to be between 3%
and 8% [86]. The financial costs associated with this condition are also significant
(length of hospital stay, investigations, long-term antibiotic treatment, surgery, etc.)
and reflect the potential severity of the infection burden [87].

The most common causative agents are coagulase-negative staphylococci (40–
60%), S. aureus (20–30%), gram-negative bacilli such as Klebsiella pneumoniae,
Pseudomonas aeruginosa or Proteus mirabilis (10%), and more rarely, polymicrobial.
In 30% of cases, there is no identifiable organism, which is typically seen when
empiric antibiotics are started before collecting blood cultures (38). Many recent
studies have highlighted the added value of fluorine-18-fluorodeoxyglucose (18F-
FDG) positron-emission tomography (PET)/computed tomography (CT) for clini-
cally suspected cardiac device-related infective endocarditis infection cases with
diagnostic uncertainty or equivocal findings, to the point where its use has been
endorsed by guidelines [88, 89].

7.3.2 Management

Management should be based on a multidisciplinary strategy, involving anesthesia,
electrophysiology, cardiac surgery and microbiology [38]. The primum movens is to
apply the general principles of management of any prosthesis infection:

1.Intravenous antibiotic treatment (pre and post extraction);

2.Complete extraction of the prosthesis (generator and leads/electrodes);

3.Microbiology testing during the extraction procedure for antibiotic stewardship.
Pocket swabs, lead tips and blood samples should be cultured onto a range of
media.

The step-by-step approach of the extraction procedure will be determined by the
patient’s baseline rhythm, the presence or absence of pacemaker dependency, the
presence or absence of vegetations on native valves, and the length of time since
insertion. The electrophysiologist will help to decide on other factors such as the
pacemaker model, type of leads/electrodes, timing of surgery and the location of the
new generator. A complete surgical extraction of the material should be performed in
order to achieve eradication of the infection and reduce mortality. However, it
remains a relatively high-risk intervention. Operative risks are associated with a risk
of septic shock secondary to the dissemination of infection from tissue manipulation,
surgical wound infection, major hemorrhage from vascular injury, iatrogenic damage
to the tricuspid valve, subclavian vein tear or hemothorax [90]. When it comes to lead
extraction, the “age” of the lead matters. With early lead infection, the lead will often
be covered in vegetations with little adherence to the tricuspid valve; that scenario can
be addressed with complete device extraction, vegetation debulking and epicardial
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lead placement. On the contrary, an “old” infected lead will often be entrapped to the
tricuspid valve by encapsulating fibrous tissue, which significantly complicates the
extraction. If the tricuspid valve cannot be safely reconstructed and repaired due to
severe adherence, tricuspid valve replacement becomes necessary.

Once the infected leads are removed (Figure 8), a decision should be made about
replacing them. This will depend on the patient’s baseline rhythm and the adopted
strategy:

1.No immediate lead reimplantation, as long as the triangle of Koch is left intact. A
comprehensive postoperative evaluation should be obtained (electrocardiogram,
Holter, electrophysiology study, etc.) to determine if lead reimplantation
(endocardial approach or leadless) should be planned at a later stage.

2.Epicardial lead implantation.

3.Endocardial lead and pacemaker reimplantation during the same procedure. The
new generator can be placed in the left abdominal wall, behind the insertion of
the rectus muscle at the thoracoabdominal junction. Through experience, we
found that this anatomical location offers many advantages: it is easily accessible
via midline sternotomy, it prevents pacemaker exteriorization and it is generally
well tolerated by patients.

Regarding the types of endocardial leads, these can either have a passive fixation or
an active fixation (Figure 9). Active-fixation leads, also called screw-in leads, are
usually preferred. They have extendable screws that can be deployed and fixed on the
inside surface of the cardiac chamber. It is worth noting that he stimulation thresholds
are usually higher with active-fixation leads compared to passive-fixation leads. If the
threshold is too high, the lead should be unscrewed and repositioned. However, the
number of attempts is not unlimited; repeated screwing/unscrewing can easily dam-
age the thin wall of the right ventricle. One should also avoid over-torquing to mini-
mize the risk of perforation. This is especially relevant in the context of an infection
where tissues are more fragile.

Epicardial leads can also have high stimulation thresholds in the following cases:
pericarditis, myocardial inflammation, myocardial edema (prolonged

Figure 8.
Infected pacemaker lead with vegetation.
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cardiopulmonary bypass times or cardioplegia). Repositioning the epicardial leads is
challenging in these scenarios given the risk of laceration of the right ventricle;
tolerating a sub-optimal threshold is therefore acceptable. Furthermore, adjustments
to the pacemaker settings can be made later from the external generator. Having an
electrophysiologist or a pacemaker technologist at the time of epicardial lead implan-
tation is therefore not necessary.

Lastly, infection prevention and control measures should be rigorously applied to
minimize the risk of recurrence: skin antiseptic preparation, aseptic practices in the
operating room, prophylactic antibiotics with coverage against S. aureus and Staphy-
lococcus epidermidis. Local antibiotic usage for infection prophylaxis, in particular
pocket irrigation or absorbable antibacterial envelopes, remains controversial but
limited reports suggest they may have a benefit, especially in select high-risk patients
[91–93].

8. Conclusion

Tricuspid valve infectious endocarditis is an uncommon condition, especially
when compared to left-sided endocarditis. However, it is characterized by high mor-
bidity and mortality. The prognosis will be determined by the control of the infection
(medical and surgical), surgical timing, appropriate prophylaxis and the risk of recur-
rence. The therapeutic management is complex and should be provided by a
multidisciplinary team, including cardiologists, cardiac surgeons, pathologists, micro-
biologists and imaging specialists. Patients with a substance use disorder should be
referred to addiction services in order to the start the rehabilitation process while in
hospital. A close medical and psychosocial follow-up should be offered after hospital
discharge. A collaborative multidisciplinary approach is crucial to manage patients
with infective endocarditis effectively and was shown to significantly improve their
prognosis [94]. This concept, of the so-called “Endocarditis Team”, is at the heart of
contemporary cardiovascular care and is encountered in other areas, such as
transcatheter valve implantations (e.g., the “TAVI Team”). The advent of
transcatheter interventions may bring new therapeutic options that will benefit
patients who are deemed unfit for surgery.

Figure 9.
Active-fixation (A) and passive-fixation (B) pacemaker leads.
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Chapter 4

Injection Drug Use-Associated 
Infective Endocarditis
Erin Barnes and Julia Cook

Abstract

Injection drug use-associated presents is a unique entity. The demographics of 
those affected and the clinical presentation are markedly different from those with 
endocarditis due to other causes. This group presents with a high proportion of 
right sided valve involvement, distinct pathophysiology, and a more varied array of 
infectious causes. The best management of these patients regarding medications and 
surgery remain hotly contested. The increased use of oral antibiotics and novel treat-
ment techniques may expand safe and effective treatment for this group of patients.

Keywords: endocarditis, epidemiology, persons who inject drugs, drug use, 
endocarditis treatment

1. Introduction

Injection drug use (IDU) has long been recognized as a risk factor for endocarditis 
with case reports of endocarditis in persons who inject drugs (PWID) dating back at 
least to the 1930s [1]. Injection drug use-associated infected endocarditis (IDU-IE) 
presents with a relatively unique clinical presentation, is associated with a wide 
variety of antimicrobial pathogens, and presents multiple practical and ethical chal-
lenges to providing effective treatment. We review in this chapter the epidemiology 
of IDU and resulting IDU-IE in various aspects of the globe. We then further assess 
the pathophysiology, clinical presentation, microbiology, and management strategies 
for effective IDU-IE treatment. We end with a brief review of novel approaches to 
treatment including treatment of the underlying substance use disorder.

2. Injection drug use and IDU-IE across the globe

The epidemiology of IDU-IE generally reflects that of all PWID in a given time 
and place. It is notoriously difficult to determine the prevalence of IDU in a given 
population due to the hidden nature of drug use. Measures are most limited outside 
of Europe, Asia, North America and Australia. With these limitations noted, it is esti-
mated that 11 million persons injected drugs worldwide in 2019 [2]. Central Asia has 
higher rates of PWID than other parts of Asia but it is less populous than other parts 
of the Asian Continent. Therefore more than a quarter of all PWID are estimated to 
reside in East and Southeast Asia, at least 3–5 million persons [3]. A high rate of HIV 
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co-infection in PWID in Asia has resulted in overlapping syndemics. The proportion 
of females is highly variable with estimates ranging from only 3% in South Asia to 
20.8% in East and Southeast Asia [3].

Europe has seen a progressive decline in IDU throughout the 2010s [4]. There is a 
wide range of prevalence of PWID in Europe with the lowest rates estimated in the 
countries of Belgium, Greece, Spain, Hungary, and the Netherlands. Eastern Europe 
has a larger proportion of PWID than Western Europe. Heroin is the predominant 
drug injected though stimulants and other medications are occasionally injected as 
well. Czechia reports a particularly high rate of methamphetamine-associated injec-
tion drug use compared to other European countries. An estimated 25–28% of PWID 
are women in Europe which is slightly lower than North America and Australia at 30 
and 33% respectively [3, 5, 6].

The United States has seen a dramatic rise in IDU as part of an ongoing opioid 
epidemic. The FDA began fast-tracking opioid drug applications in the early 1990s 
and the Pain As a 5th Vital Sign™ campaign requiring frequent assessment, scaling 
and treatment of pain launched in 1995 [7, 8]. In 1996 the juggernaut Oxycontin® 
was unleashed by Purdue Pharma [9] with employed physicians to spread the 
message of ‘safe yet effective’ pain relief to other physicians by citing the 1% addic-
tion rate from an out of context, single paragraph NEJM letter [10]. It gave away 
millions of coupons for free samples, and netted itself 1 billion in sales annually by 
2001 [9, 11]. Opioid use increased 1448% from 1996 to 2011 [12] and in 2012 the 
CDC declared prescription opioid overdose a national epidemic [13] with reported 
increases in hepatitis C, hepatitis B, and IDU-IE shortly following. Substance use 
disorders proceeded to rise in populations who were disproportionately prescribed 
prescription opioids including rural populations [14] and women [15]. By the 2010s 
women had gone from approximately 20% of regular opioid users to 50% [16]. The 
opioid epidemic in the US has since shifted from the original prescription opioid 
predominance to heroin, synthetic fentanyl analogs, and co-administration of 
stimulants. These shifts have resulted in large increases in rates of substance use 
disorder and overdose in men (approximately 2.5 times the rate of women in 2019), 
racial minorities, and large urban settings [17, 18].

The overall incidence of endocarditis in PWID, though difficult to assess, is much 
higher than average. One study estimates up to 11.9 cases per 100,000 person years 
[19] in comparison to 1.4–6.2 cases per 100,000 person years in the general popula-
tion [20]. Another estimate places the rate closer to 20-times that of the general 
population [21]. A recent international prospective endocarditis study found that 
among 11 centers sampled in the US with >500 IE cases, about 16% were IDU-related 
[20]. Europe and Asian Countries had about 9% associated with active intravenous 
drug use while South American had <1%. Slipczuk’s systematic review complements 
these findings of a statistically significant increase in reported IDU-related cases 
in N. America from 17.3% in the 1980s to 50.7% in the 2000s consistent with the 
above noted rise in PWID due to the US opioid epidemic [22]. Meanwhile the rates 
of IDU-IE decreased in Europe in the early 2000s from 21.1% in the 1990s to 6.8%, 
p < 0.01). A recent Swedish study found a decrease in cases beginning in 2011 [23]. 
General IE is reported to affect males in 60–70% of cases [24] but there is a lack of 
systematic study on gender in IDU-IE. Studies performed since 2000 in the US gener-
ally have reported females as 30–55% of the patient population [25–27] which would 
be similar to slightly higher than the estimated proportion of females who inject drugs 
in North America. Further study is needed to determine the relative risk of endocar-
ditis in male versus female PWID.
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3. Right sided endocarditis in persons who inject drugs

Endocarditis of the tricuspid and pulmonic valves, or right-sided infective endo-
carditis (RSIE), is rarer than left-sided endocarditis and is classically cited as occur-
ring in 5–10% of all IE cases [28]. Risk factors include IDU along with healthcare 
associated devices such as cardiac implants, hemodialysis catheters, and other long 
term venous access devices. The exact proportion of RSIE in PWID presenting with IE 
is difficult to determine as most reports on this topic are single center and/or retro-
spective in nature. In the late 1940s and 1950s, reports first began to be published of 
endocarditis in PWID making note of markedly higher proportions of tricuspid valve 
(TV) endocarditis and S. aureus involvement [29]. This phenomenon was met with 
scrutiny. A relatively large series by Cherubin et al. from 1960 to 1967 of 36 IDU-IE 
cases had TV involvement in 18% (9% sole TV, 9% in combination with another 
valve) [30]. While acknowledging that this is still larger than the 5–10% of TV cases 
seen in the non-injecting population, the authors proposed that the increased fre-
quency of TV reports were due to either reporting bias or regional variation in drug 
use as many of the previous cases reported were from the Washington DC area [30]. 
Since this original debate in the literature many reports have gone on to find TV valve 
predominance in IDU-IE cases [31–40], but not all [27, 41–47]. The reasons for these 
differences and their meaning remain unclear. Some study populations are surgical 
populations which may bias towards left-sided disease. Studies in the 1980s through 
mid-1990s predominately were in HIV positive patients which may have confounded 
presentation. At least one study has suggested that the substance of use may influence 
the phenotype of endocarditis [48]. Within these limitations, all that can be said with 
certainty is that right sided-endocarditis remains over-represented in this population 
but left-sided endocarditis is also commonplace.

The pathology of RSIE is still not fully understood. The right side of the heart 
has lower pressures than the left and the valves are thus less prone to sclerosis and 
injury of the endothelium associated with high biomechanical forces. Injury to the 
endothelium of the right heart valves likely occurs through distinct mechanisms in 
IDU-IE. Some substances are directly toxic to endothelial cells and cardiomyocytes, 
particularly stimulants such as cocaine [49]. Particulate damage also plays a role. 
Most injected substances begin as powders or pills and may not fully dissolve in 
solution. Particulate matter is injected along with substances which bombards and 
disrupts the endothelium of the right heart before being filtered out by the lungs. 
Evidence suggests this is particularly true for pills which are crushed and injected 
with multiple reports of talc granulomas found within the lungs and heart valves of 
PWID [50, 51]. PWID are themselves aware of the potential damage from particulate 
matter and use a variety of devices ranging from medical grade filters to cigarette 
filters to strain their drugs; in many places filters are a provided as a component of 
harm reduction [52, 53]. There are no studies on whether filter use by PWID limits 
risk of IDU-IE.

Endothelium is naturally resistant to infection and even when damaged, only cer-
tain types and strains of bacteria with particular virulence factors can bind [54–58]. 
As bacteria adhere and invade, our immune system activates in an attempt to repair 
the damage and remove invaders. This results in an amalgam of fibrin and platelets 
being deposited in the area along with the bacteria resulting in a bacterial vegetation. 
An alternative sequence of vegetation formation involves the repair of injured valve 
endothelium by fibrin and platelets which form a sterile vegetation later seeded by a 
bacteremia. Indeed, some pathogens may lack virulence factors which would allow 
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them to bind directly to the damaged endothelium but which facilitate binding to 
the matrix of nonbacterial thrombotic lesions [58]. Regardless of event sequence, as 
this vegetation of platelets, fibrin, and bacteria grow the vegetation acts as a physical 
barrier protecting the embedded pathogens from immune regulation [59]. In addi-
tion, organisms at the center of the vegetation are concentrated at a higher density 
with fewer resources and go into a restricted growth phase which impairs the ability 
of antibiotics to eradicate them [60]. Finally, the nutrition deficiencies experienced 
by these deeper organisms that have been present longest in the vegetation develop 
morphological changes in cell wall thickness and increase their excretion of polysac-
charides to form biofilms which further alter antibiotic susceptibility [61].

The distinctive pathophysiology of right-sided endocarditis combined with the 
low pressure, low biomechanical stress environment of right-sided vascular endothe-
lium combine to alter the characteristics and risks of the endocarditis vegetation. The 
left-sided endocarditis literature tends to identify vegetations greater than 1 centi-
meter as being at increased risk of embolization and poor outcome [62]. This makes 
intuitive sense as a larger vegetation would be more friable while also being more 
subject to forces propelling it form the valve. However on the right side of the heart, 
vegetations measuring 2 to 3 cm are regularly described and the correlation between 
size and clinical outcomes is less clear [63, 64]. Vegetations ≥2 cm on right sided 
valves have been suggested to correlate with increased all cause mortality [63, 65] but 
evidence for this conclusion remains limited. Some of the lowered mortality for large 
vegetations in RSIE is due to the fact that unless a patent foramen ovale is present the 
vegetations embolize to the lung rather than the CNS; embolization to the CNS is an 
independent predictor of poor outcome. Another mitigating factor is the lower likeli-
hood of heart failure with compromised right sided heart valves compared to left.

RSIE is more easily diagnosed by transthoracic echocardiogram (TTE) as the 
right-sided structures are located more anterior with a shorter distance between the 
transducer and structures [28]. Transesophageal echocardiography (TEE) is still 
superior to TTE for RSIE related to cardiac devices and has increased sensitivity for 
small vegetations and annular abscess. Endocarditis of the pulmonic valve or eusta-
chian valve is also better visualized on TEE [28]. European and American guidelines 
indicate that TEE is not mandatory in isolated, native-valve, RSIE when TTE images 
are of high quality and risk of complication is low [62, 66]. In cases where TTE and 
TEE are unrevealing but high clinical suspicion remains, more advanced imaging 
techniques may be considered including 18F-fluorodeoxyglucose positron emission 
tomography/CT, cardiac CT, or radiolabeled white blood cells scintigraphy. This 
field of study continues to involve but studies indicated that these methods may have 
increased sensitivity in instances such as prosthetic infections and have the additional 
benefit of identifying silent emboli and aneurysms [66].

4. Population specific considerations

4.1 Women

Women who use drugs are more likely than men to develop clinical addiction 
and more rapidly progress to severe addiction [67]. Among those who seek treat-
ment, women have higher opioid craving scores [68], psychiatric comorbidities [69], 
and physical health problems than their male counterparts [69, 70]. Given these 
differences, it is not surprising that women may also use their drugs differently. 
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Some studies have shown women are more likely to inject their preferred substance of 
abuse [71], are more likely to share needles and equipment [72], and possibly inject 
more frequently than males [73]. These behaviors increase infectious risk, including 
for IDU-IE. A retrospective study found that among HIV positive PWID, females had 
higher odds of IE with a multivariate OR of 3.26 (95% CI 1·73–6·14) [34]. A second 
study with 17 cases of IDU-IE found a similar trend but did not reach statistical 
significance (OR 1·62, 95% CI 0·61–4·34) [74]. Smaller/deeper veins resulting in more 
tissue damage during injection has been one theory proposed to explain this finding 
[34]. Another is the possibility for more rapid sclerosis of their smaller peripheral 
veins resulting in migration to high risk injection sites such as the jugular vein [75].

4.2 HIV population

HIV and endocarditis have overlapping risk factors and there are multiple stud-
ies assessing the outcomes of endocarditis in HIV positive persons. Early in the HIV 
epidemic it was feared that the cardiopulmonary bypass required for surgery could 
hasten the advancement to AIDS as a result of the general immunosuppression 
observed after major surgical procedures in combination with general anesthesia [76]. 
In the era of combined highly active antiretroviral therapy, studies indicate no worse 
outcomes in HIV positive patients requiring cardiac surgery compared to the general 
population [77]. A study by Ortega et al. in Spain found that the incidence of IDU-IE 
in persons living with HIV decreased with the advent of highly active antiretroviral 
therapy [78]. HIV does not seem to worsen the outcomes of IE unless severe immu-
nosuppression is present with an AIDS defining condition and/or CD4+ cell counts 
<200/microL [79, 80]. A general trend corresponding to increased mortality with 
declining CD4+ count below 500 microL has been observed [81].

5. Endocarditis pathogens in persons who inject drugs

PWID have been found to have endocarditis with a wide variety of pathogens. 
Some atypical pathogens have been reported to be more common in this population 
due to a variety of factors including varied skin colonization patterns, risk imposed by 
the substances themselves, or through the agents used as solvents.

5.1 Methicillin resistant staphylococcus aureus (MRSA)

Staphylococcus aureus has been found to be the most common endocarditis 
pathogen in many industrialized countries but this shift with Staphylococcal pre-
dominance was first noted in those with IDU-IE [24]. S. aureus remains the most 
common pathogen implicated in IDU-IE [82]. PWID are estimated to be 16.3 times 
as likely to develop invasive MRSA infections that others. In a recent study assessing 
surveillance data from 6 sites across the US, the proportion of invasive MRSA cases 
that occurred among PWIDs increased from 4.1% in 2011 to 9.2% in 2016. Of these 
cases, 20% were IE [83]. Studies indicate that people who are colonized with S. aureus 
are at higher risk of infection [84] and additional studies indicate that PWID have 
high rates of colonization [84]. When they develop clinical infections with S. aureus it 
is with the specific strains with which they are colonized [85]. The exact mechanism 
for increased colonization and infection by MRSA in PWID is unclear. It may be that 
the nature of shared drug use environments, crowded and unsanitary conditions, 
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and frequent healthcare center exposures may lead to transmission of S. aureus in this 
community [86]. Repetitive disruption of the skin barrier can then enable deep seated 
infections including IDU-IE.

Right-sided disease accounts for about 66% of IDU-associated S. aureus endocarditis 
[87, 88]. There are also studies that show a relatively high rate of multivalve S. aureus 
infection compared to people who do not inject drugs [87]. The mortality rate of S. 
aureus endocarditis in PWID is lower than in people who do not inject drugs which 
is thought to be due to younger age and fewer comorbid conditions [39, 87, 89, 90]. 
Embolic events generally occur at a higher rate with S. aureus IE compared with IE due 
to other pathogens [91, 92]. Studies usually report a lower rate of surgery for PWID 
with S. aureus IE than in people who do not inject drugs. Current treatment guidelines 
recommend treating S. aureus associated endocarditis with 6 weeks of therapy [62].

5.2 Candida

IE due to candida species is relatively rare, accounting for around 2–4% of all cases 
[93, 94]. Multiple outbreaks of disseminated candida infections have been traced back 
to using lemon juice as a solvent for intravenous heroin and cocaine [95–97]. Acids 
such as lemon juice are commonly used to dissolve brown heroin, which is a base 
form less water soluble than the white, salt form of heroin. Similarly the crack form 
of cocaine is prepared for injection with the addition of an acid [98]. Lemon juice has 
been shown to readily grow Candida at room temperature, and the belief is that the 
resultant infection is due to injection of a high inoculum of Candida by PWID [95]. 
These disseminated candida infections have a predilection for endogenous spread to 
the eye, with resultant endophthalmitis in addition to endocarditis. Sterile packages 
of ascorbic acid are provided in many harm reduction centers to minimize the risk of 
Candida infections. Current treatment guidelines for native valve Candida IE recom-
mend initial management with lipid formulation amphotericin B with or without 
flucytosine or a high dose echinocandin. This is then followed by step-down therapy 
with an azole. Valve replacement is recommended, and long term suppression is rec-
ommended for patients who cannot undergo valve replacement followed by chronic 
suppression [62].

5.3 Non-HACEK gram negatives

Compared to the general population, PWID are at increased risk of non-HACEK 
gram negative endocarditis though this is still a rare clinical entity [99, 100]. A recent 
single center study from the southeast US identified 43 cases of gram negative IE, of 
which 93% had a history of or active injection drug use [101]. In other recent studies 
nosocomial acquisition was a more common risk factor than IDU [100, 102]. In the 
US study the majority of these patients had had a prior instance of IE and most cases 
were of native valves, predominately right-sided valves. Of these cases, 68% were 
associated with Pseudomonas aeruginosa, 20% Serratia marcescens, and the remain-
ing were with Enterobacter cloacae, Klebsiella oxytoca, and Acinetobacter bauman-
nii. These patients were very ill, with 60% requiring a stay in the intensive care unit 
during their hospitalization and roughly 25% underwent valve surgery; the 12 month 
all-cause mortality rate was 30%. This is consistent with the overall 20–30% mortal-
ity seen in IE caused by non-HACEK gram negative bacilli though this mortality rate 
encompasses a wide range of patient populations with many having multiple underly-
ing comorbidities [103].
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Pseudomonas is one of the most common non-HACEK organisms cited in this 
group [104]. The major source of Pseudomonas IE appears to be contaminated water 
used to mix drugs for injection and this may explain the presence of other water organ-
isms such as S. marcescens as well [105, 106]. In a Pseudomonal endocarditis outbreak 
in Detroit occurring in the 1970s–1980s associated with injection of dissolved pentazo-
cine and tripelennamine(‘Ts and blues’), the drug itself was found to act as a selective 
culture medium which inhibited the growth of S. aureus and many pseudomonas 
strains but not serotype O11 strains which were associated with the invasive infections 
[107]. S. marcescens is increasingly being reported in US literature as well though the 
exact association or cause of this increase remains unclear [106, 108]. One factor that 
may select for gram negatives in this group is intensive or frequent therapy for gram 
positive bacteria that cause skin abscesses and more frequent deep-seated infections 
thus resulting in selective pressure. Evidence for this is found in the high rate of 
gram negative bacilli (and Candida) blood stream infections found in persons who 
continued to inject while on therapy for predominately gram positive infections [109]. 
Evidence for management of infections by these organisms is limited and current 
treatment guidelines recommend consideration of surgical management in addition 
to dual antibiotic therapy for 6 weeks. Proposed combinations are a beta-lactam in 
combination with either a fluoroquinolone or aminoglycoside [62].

5.4 Others

There are innumerable case reports describing unusual pathogens isolated in this 
patient population, frequently in the setting of polymicrobial infections [110, 111]. 
This includes non-tuberculous mycobacteria which should be considered as a pos-
sible cause of culture negative endocarditis [112]. Speical blood culture medium is 
required for acid fast bacteria and they may still be difficult to culture with a long 
window between collection and resultant growth. Endocarditis secondary to unusual 
or fastidious oral flora, including Neisseria sicca and anaerobes such as Veillonella 
sp., have been in described in this population in association with those who lick their 
needles prior to injection [113, 114]. Given the paucity of treatment evidence for 
severe infections with these types of organisms and the increased mortality associated 
with polymicrobial infections, treatment is individualized and outcomes with these 
types of organisms and infections is frequently higher than average.

6. Treatment difficulties of IDU-IE

6.1 Antibiotic delivery and oral antibiotics

How to best provide prolonged intravenous therapy to PWID is a particularly per-
plexing issue. Concerns regarding discharge with an intravenous line include potential 
use of the catheter for drug injection, seeding the line with transient bacteremia even 
if the line itself is not used to inject, and difficulty finding home health companies 
for this population. Countries over the world have different outpatient parenteral 
antibiotic therapy (OPAT) systems and healthcare delivery models making this topic 
even more difficult to analyze. Antibiotic delivery models include infusion at ambula-
tory care centers or in the home by home care nurses (more common in European 
countries) or discharge of patients home to administer their own parenteral antibiotics 
with only weekly home health oversight (the US). These differing models with variable 
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degrees of patient oversight result in differing risk of discharge of PWID with a central 
catheter. Some studies have shown OPAT can be done relatively safely in PWID, but 
these studies contained a large proportion of persons retained in a facility of some type 
or were noted to require particularly intensive oversight [115]. Given the difficulties 
and challenges of this group, many health facilities retain their population with IDU-IE 
inpatient or at an affiliated facility for the duration of their treatment [116]. This strat-
egy is frustrating for patients and uses large amounts of healthcare resources. IDU-IE 
in the US was recently estimated to have direct costs of $180,000 and cost significantly 
more than IE attributed to causes other than IDU [117].

For all of these reasons, short course and oral therapy are very attractive options. 
Studies show that 2 week courses of IV beta-lactam therapy in isolated tricuspid valve 
IE secondary to methicillin susceptible S. aureus (MSSA) with no embolic phenomena 
outside of the lungs can be successful. Multiple studies have evaluated this strategy 
over time predominately with the use of cloxacillin [118]. Addition of an aminogly-
coside was not found to significantly alter outcomes in one study though most studies 
evaluating this short-course strategy evaluated the beta-lactam in combination with 
an aminoglycoside [119]. These studies were generally performed when co-admin-
istration of aminoglycosides was routine and recommended for S aureus IE. This is 
no longer the case and the most recent American guidelines discourage the use even 
in right-sided endocarditis [62]. Evidence indicates that the use of a glycopeptide for 
short course therapy such as would be required for MRSA is not efficacious even when 
combined with an aminoglycoside [120].

Oral antibiotics offer even greater appeal. In 1989 Dworkin published 14 cases of 
right sided, S aureus IDU-IE treated with ciprofloxacin and rifampin [121]. Heldman 
et al. then completed a randomized control trial of oxacillin/gentamicin compared to 
ciprofloxacin/rifampin in 85 right-sided IDU-IE patients; 41 did not complete therapy 
and only 44 were analyzed. There were three failures in the standard arm and one in 
the oral arm. While these results are reassuring, they may not be fully generalizable 
to today’s population. Between these two studies only 15% had pulmonary emboli 
and only 28% with echocardiograms had visible vegetations. While this may in part 
reflect limits of older echocardiographic technology, those caring for populations with 
visible vegetations must be wary. Large vegetations are those which are most difficult 
to treat due to the organism density and limited antibiotic penetration into vegetations 
[122–124]. Additionally, only 5% of Heldman’s population had MRSA. PWID are more 
prone to MRSA infections which are likely to be fluoroquinolone-resistant [83, 125].

The most important development is the POET trial which randomized 400 left-
sided IE patients to a full course of intravenous therapy or changeover to oral therapy 
[126]. This study included those with cardiac implantable electronic devices (CIEDs), 
prosthetic valves, and surgical patients and still found that changing to oral therapy 
was noninferior to full intravenous courses. Generalizing to our IDU-IE popula-
tion, however, again requires caution. Fewer than 6% of patients had a vegetation 
>9 mm at the time of randomization. IDU-IE patients with right-sided disease may 
be less likely to undergo surgery and have large vegetations. More importantly, this 
population predominately suffered from streptococcal disease. None of these patients 
had MRSA and the MSSA was highly susceptible, even to penicillin. Doses used for 
these regimens were much higher than is typically seen such as using 600 mg PO 
BID of rifampin. This results in a need to ensure that a patient can orally tolerate the 
medications and that a way to monitor for toxicities of the oral antibiotics is available 
including office follow-up and blood tests. For this reason those who were deemed 
unreliable were excluded and only five PWID were included in this study.
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In summary, there is increasing and high grade evidence for the safety and 
efficacy of oral antibiotics in the treatment of endocarditis including IDU-IE but 
caveats remain. There is very little data on the safety of oral therapies when vegeta-
tions are greater than 1 cm in size or where there is extensive co-occurring embolic 
phenomena. Parameters to guide the frequency of blood testing for safety monitoring 
on these regimens is lacking and frequent outpatient blood draws in PWID may be 
further complicated by venous sclerosis and poor venous access. Evidence on orals for 
treatment of MRSA IE is lacking. Invasive MRSA infection is more common in PWID 
so this is of particular relevance to this group [83]. Follow-up publications have noted 
the mutation of methicillin resistance should not affect the function of non-beta-
lactam antibiotics and thus regimens which do not rely on this class of agents should 
be as effective against MRSA as MSSA [127] but clinicians remain cautious.

It must be noted that while the evidence above provides evidence for the option of 
oral antibiotics and outpatient treatment, multiple additional factors must be incor-
porated into clinical decision making. The need for complete adherence to a complex 
medical regimen and close outpatient follow-up may be inherently problematic in 
this population. Socioeconomic complications including unstable housing, lack of 
transportation, and unreliable phone service may make care in the outpatient setting 
untenable. And then there is the risk of ongoing drug use once discharged. This would 
not only further impair follow-up but risk renal/hepatic injury while on renally-dosed 
medications, worsening of the current infection, and possible development of a new 
suprainfection. Each patient will require nuanced and thoughtful decision-making to 
determine the best treatment course for an individual and their unique set of factors. 
This precludes the development of any one ‘rule’ on how to manage this group and 
practice is likely to remain heterogeneous across institutions and providers.

6.2 Surgery

Perhaps the most difficult aspect of IDU-IE is weighing the risk–benefit of surgery. 
This group is relatively young. Bioprosthetic valves avoid the need for anticoagulation 
but are less durable than mechanical valves resulting in higher rates of repair surgeries 
over time [128]. The main concern, however, is that the patient will re-infect the heart 
valve through ongoing substance use. Addiction is a chronic, relapsing disease with 
heroin relapse rates following simple detox as high as 91% [129]. Ongoing injection 
drug use raises the risk for prosthetic valve endocarditis which has worse outcomes 
than native valve endocarditis [130]. What timing, surgical approach, and mitigat-
ing factors can identify patients who would individually benefit from surgical rather 
than medical management remain vastly understudied. Benefits of surgery in isolated 
tricuspid valve endocarditis are the least-well resolved. These concerns have led to 
significant debate regarding risk-stratification and performance of cardiac surgery 
in PWID. With the lack of clear guidelines or risk stratification protocols, there is 
wide variability in surgical management. Some surgeons are only willing to perform 
a single heart operation while others mitigate their responses by what kind of SUD 
treatment was available and attained by the patient [131–133].

To help guide clinical decision making, multiple studies have attempted to 
provide objective assessment of outcomes for those who undergo surgery for IDU-IE 
but only a small number have compared the outcomes to a contemporaneous popu-
lation of routine IE. In the English based literature of the last 2 decades, at least 7 
US, 2 Swedish, 1 Czech Republic, 1 Italian, 1 international prospective study, and 2 
meta-analyses have been published comparing surgical outcomes in IDU-IE to the 
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general IE population [27, 35, 43–45, 47, 134–140]. These comparisons must be taken 
with a grain of salt given that the compared groups differ in demographics, valve 
characteristics and pathogen type while also having very different proportions of 
pre-existing comorbidities. Surgical selection bias also will play a role in determining 
the timing and type of surgical intervention within and between groups. With these 
caveats in mind, all of these studies have come to the same conclusion: the in-patient 
and 30-day mortality of this population is comparable to or better than those under-
going surgery for non-IDU-IE while longer term mortality appears higher. Thalme 
et al. found that for those undergoing surgery for left sided IE, PWID had signifi-
cantly higher mortality in the first 5-years despite comparable to better in-patient 
mortality; none of the 5 surgical patients in the IDU-IE group were alive at 4 years 
[35]. Rabkin et al. who assessed 197 surgical endocarditis cases including 64 PWID 
defined as ever having injected drugs [44] found on Cox regression analysis that 
PWID had lower ten-year survival (41·1% IDU vs. 52% non-IDU, p = 0·03). Ongoing 
substance use has been found to be the primary driver of this increased long-term 
mortality in at least one study [141].

These studies also have come to the same broad conclusion that repeat infec-
tive endocarditis is more common in this group though exactly how much more 
common varies across studies. Thalme found the odds of recurrent endocarditis in 
PWID was 6-fold higher (12·5 vs. 2·3%, OR 6·07, p = 0·007, 95% CI 1·55–23·70). This 
aligns with the findings of Kim et al. who found a propensity score matched HR of 
6.2 for reinfection in PWID compared to general IE (95% CI 2·56–15, p < 0·001). 
The studies by Kaiser and Shrestha assessed a combined 858 surgically treated IE 
patients of whom 93 were PWID [43, 45]. Both found significantly higher rates of 
reinfection in PWID (HR 9·8, 95% CI 2·7–35·3 in Shrestha and 17 vs. 5%, p = 0·03 in 
Kaiser) [43, 45].

Descriptions of repeat IDU-IE cases are limited despite being relatively com-
mon. It appears that repeat infection occurs relatively quickly. In a study of 87 
IDU-IE patients surviving their primary hospital stay, 25·7% developed repeat IE 
within a median of 257 days [142]. Kim et al. found the median time to reinfection 
was18·1 months [27]. The microbiology is more varied on repeat endocarditis admis-
sions: whereas 95% of one center’s patients had S. aureus as the causative pathogen 
on their first episode, it accounted for only 54% of cases on the second episode 
where Candida, Enterococcus, and Streptococcus were more common [142]. Finally, 
repeat endocarditis predisposes to higher mortality. The ICE found that 20% of all 
IE patients who suffered a recurrent episode were deceased at 1 year compared to 
9% surviving a single episode [143]. This difference seems even more profound for 
IDU-IE as 36% of those with a repeat case were deceased at 1 year vs. 4% of those 
with a single episode [142]. It is possible that re-infection is a marker of more severe 
opioid use disorder which then drives the higher mortality rather than the IE itself 
but these factors are difficult to disentangle.

Medical research has a long way to go in determining how much benefit an indi-
vidual with IDU-IE is likely to receive by undergoing surgical rather than medical 
treatment and how to parse that risk in real time. At this time, surgical thresholds 
vary across countries, institutions, and individual surgeons but the medical 
literature strongly suggests that when a patient does undergo surgery, they achieve 
short term survival comparable to their non-IDU-IE peers. Long term outcomes 
and what role, if any, they should play in acute surgical decision making are more 
difficult to parse.



59

Injection Drug Use-Associated Infective Endocarditis
DOI: http://dx.doi.org/10.5772/intechopen.108171

7. Areas of exploration: the future of IDU-IE

Given the difficulties noted above, new strategies for treating this group are 
urgently needed. Some promise lies in the areas of novel antibiotics, novel surgical 
approaches, and the rise of more integrated addiction care.

7.1 Lipoglycopeptides

The lipoglycopeptides have a long, lipophilic side chain added onto glycopeptides 
(the class of vancomycin and teicoplanin). The result is similar bactericidal activ-
ity but the more lipophilic side chain anchoring onto the bacterial cell membrane 
results in increased potency and, potentially, half-life [144]. Telavancin, oritavancin, 
and dalbavancin are all FDA approved for treatment of complex skin and soft tissue 
infections and Telavancin additionally is approved for pneumonias. The dosing of 
telavancin is daily while dalbavancin and oritavancin can be dosed weekly.

Telavancin and Dalbavancin currently have the most promising data for endocar-
ditis. Telavancin has been shown in multiple in vitro studies to be at least as effective 
as daptomycin and vancomycin [145]. In 2010 telavancin was successfully used to 
treat right sided, native MRSA endocarditis. The patient remained culture positive 
after 8 days of vancomycin. He was then changed to telavancin with negative cultures 
resulting in 24 hours [146]. Since then telavancin has been used to successfully treat 
MRSA mitral valve endocarditis [147] and VISA CIED endocarditis [148].

Dalbavancin also has endocarditis data [149–151]. In the rabbit IE model it was 
shown that dalbavancin was 2–4-fold more potent than vancomycin [152]. One of the 
first human endocarditis case was attempted treatment of MRSA native valve endo-
carditis in a pregnant PWID. She was treated with vancomycin and then daptomycin 
10 mg/kg for the first 26 days. Unfortunately there were two treatment interruptions 
where the patient left against medical advice; after returning from the second inter-
ruption she received a 1 g loading dose of dalbavancin followed by 500 mgs weekly 
for a total of 4 weeks. Unfortunately, she presented to the hospital 11 days after her 
final dose with S. aureus bacteremia that was now vancomycin intermediate (MIC 4 
mcg/mL) and telavancin resistant. It was hypothesized that increased renal filtration 
and altered protein binding of pregnancy may have decreased the half-life of the drug 
leading to subtherapeutic levels.

More positive outcomes were found in a 2 year, retrospective study of 24 IE patients 
transitioned to dalbavancin after clearing their blood cultures on standard care; three 
patients were started directly on dalbavancin. Causative organisms included S aureus, 
streptococci, Enterococcus, Aerococcus, and coagulase-negative Staphylococcus. Drug 
regimens were a 1 g load with 500 mg weekly thereafter and a 1·5 g load with 1 g twice 
weekly. Mean duration of administration was 6 weeks but ranged from 1-30 weeks. A 
patient with E faecalis prosthetic valve infection died of surgical complications and 
another patient failed treatment. This patient had an MRSA CIED infection which 
could not be fully removed. The patient received 30 weeks of Dalbavancin but then 
had breakthrough bacteremia. The breakthrough strain showed small colony variants 
with a vancomycin MIC of 2 mg/L (up from 1 mg/L).

A similar cohort by Wunsch et al. treated 25 endocarditis cases which included 
6 prosthetic valves and 4 CIEDs with a similar pathogen cohort [153]. Patients were 
switched to dalbavancin after having been treated initially with more routine antimi-
crobials. Nine of the patients received a single 1.5 g dose while 8 received a dose of 1 g 
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on day 1 followed by 500 mg on day 8. Successful treatment was achieved in 92% of 
patients. The patient who failed treatment died of sepsis from MSSA IE.

Use in IDU-IE has had mixed results due to the difficulty in maintaining this popu-
lation in treatment. A study of 9 persons with right sided IDU-IE found that only 3 of 
the patient completed the pre-defined treatment course [154]. Of those with a suc-
cessful completed course, 2 received a planned single dose and 1 received a planned 
2 doses; 4 of those who failed to complete their course were planned to receive only 
a single dose which highlights the difficulty. Also the most concerning issue to arise 
from these studies is the potential for resistance. Both the case of the pregnant female 
and the CIED infection suggest suboptimal treatment can result in rising MICs for 
vancomycin as well as the lipoglycopeptides. This could conceivably be a problem in 
PWID who may not return for their follow-up medication doses.

7.2 Delafloxacin

Delafloxacin is a novel fluoroquinolone marketed by Melinta under the brand 
name Baxdela currently FDA approved for skin and soft tissue infections. A major 
limitation of oral therapy for endocarditis noted above is MRSA’s frequent resistant 
to fluoroquinolones. However, delafloxacin currently is estimated to have efficacy 
against 88% of US MRSA strains [155], including those resistant to other fluoro-
quinolones. This is due to the fact that delafloxacin binds to both the topoisomerase 
and gyrase in relatively equal amounts whereas other fluoroquinolones tend to more 
heavily target one enzyme over the other. The result is a lower likelihood of 2 sponta-
neous mutations developing and lower risk of resistance [156]. This combined with its 
relatively unique ability to maintain efficacy in acidic environments [156] may allow 
it to overcome severe MRSA infections such as endocarditis where other oral agents 
have failed.

7.3 Bacteriophages

The use of lytic bacteriophages as antibacterial therapy has long been hypoth-
esized but clinical studies are in their infancy [157]. To date few persons have been 
treated with a bacteriophage and only when all other alternatives had been exhausted. 
The bacteriophage generally must be matched to the pathogen with some pathogens 
having resistance and repeated testing to assess for acquired resistance with treatment 
is recommended [158]. Expanded use of phage therapy holds promise for treatment of 
resistant microorganisms, difficult to treat microorganisms such as MRSA, and device 
related infections where biofilm plays a significant role in pathology. Endocarditis 
with its vegetation could fall into the latter group. At least one animal study shows 
possible synergistic effect between phages and antibiotics for endocarditis treatment 
[159] and at least seven persons have received adjunctive phage therapy for endocar-
ditis due to S. aureus [160, 161]. The patient seemed to have ongoing clearance and 
control of the infection with a negative PET on day 80 however ongoing severe heart 
failure persisted and the patient ultimately expired. What role the phage therapy 
played as compared to the antibiotics is undetermined. Phage therapy could provide 
an attractive alternative for those with IDU-IE as it might allow for effective treat-
ment of larger vegetations thereby further limiting the need for surgery. Heightened 
efficacy may also allow for shorter treatment courses for this condition. Challenges 
to progressive study in this particular disease state includes the relative rarity of 
endocarditis, the rapid progression of most endocarditis cases making interventional 
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studies or the matching of phages to pathogen more logistically complex, and the 
current reserved use of phages only for patient where no alternatives exist.

7.4 Percutaneous aspiration

Percutaneous aspiration of vegetations from the tricuspid valve has been reported 
with increasing frequency in the last decade [162, 163]. This procedure is performed 
by placing the patient on an extracorporeal circulatory circuit through large bore 
venous drainage and venous return cannulas. Under transesophageal echocardio-
graphic guidance, the vacuum-assisted device is frequently performed with use of 
the AngioVac system, a product of Angiodynamics, USA. The goals of vegetation 
aspiration are decreased bacterial load, decreased vegetation size to lower embolic 
risk and antibiotic failure risk, and possibly to limit progressive damage to the valve 
and cardiac structures. Patients with vegetations greater than 1 cm in size and outside 
of criteria used in common oral endocarditis treatment studies may become eligible 
for oral treatment therapies as compared to intravenous following angiovac de-
bulking which may be associated with decreased length of stay and healthcare costs. 
Prospective and controlled studies on the benefits and risks of this procedure are not 
yet available but will hopefully be performed in the coming decade.

7.5 Co-addiction treatment

Substance use disorder is a chronic disease making its stabilization and management 
in the acute care setting challenging. In many instances the substance use disorder is 
disregarded while the acute condition is treated resulting in problematic disconnect 
[164]. The first is that patients can withdraw while in the inpatient setting. This can 
result in increased risk of leaving against medical advice, ongoing substance use during 
the hospital stay, and increased conflict between provider and patient [165]. Where 
specialized addiction professionals are unavailable, hospitalists and internists should 
be familiar with the medications used to treat substance withdrawal and substance use 
disorders. This will then allow providers to take full advantage of a potential ‘teachable 
moment’. Facilitating detox from substances and intake to treatment is crucial for long 
term health. A randomized clinical trial found that those who began medication-
assisted therapy with buprenorphine while inpatient were significantly more likely 
to enter treatment post-discharge (72 vs. 12%, p < 0·001), be engaged in treatment at 
6 months (16·7 vs. 3.0% p = 0·007), and have less illicit opioid use in the 30 days prior 
to a 6-month interview (incidence rate ratio 0·6, 95% CI 0·46–0·73, p < 0·01) [166]. 
Unfortunately, this same study found no significant difference in injection opioid fre-
quency at 6 months among PWID despite the fact that the odds of injection opioid use 
were 4·57-times higher on days without buprenorphine than with buprenorphine. The 
authors hypothesized that this specific group might need higher doses to combat more 
severe addiction and that the new long-acting injectable buprenorphine may improve 
outcomes [167]. It is worth noting, that reduction in injection frequency, even without 
full cessation, is associated with decreased risk for invasive bacterial infection [168].

8. Conclusions

IDU-IE remains a distinct entity that is encountered across the globe. In places 
such as the US there have been great increases in the incidence and prevalence of this 
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disease. Yet the ideal management of this patient population remains understudied 
and under debate. Ongoing research to identify which patients have the highest 
benefit from surgical intervention in RSIE are needed. The use of percutaneous 
aspiration and novel medication such as the lipoglycopeptides provide alternatives to 
traditional treatment models with increasing use. Most important of all is the need for 
progressive integration of addiction care into acute care medical management in order 
to treat the root cause of IDU-IE and achieve long term positive health outcomes.
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Chapter 5

Infective Endocarditis in 
Congenital Heart Disease
Naomi Nakagawa

Abstract

Any congenital heart disease (CHD) with high-velocity jets of blood flow and/
or artificial material is associated with the highest risk of infective endocarditis (IE). 
And IE can be a big issue not only for the patient with CHD before the operation but 
also after the palliative and the radical surgery. Jets stream of the intracardiac shunt 
(including the residual shunt after corrective operation) and artificial conduits and/
or patches after palliated or corrective operation can be the origin of IE. Even though 
the incidence of IE in children is much lower than in adults, the risk of IE can be 
high for patients with CHD. Certain CHD are common underlying conditions of IE, 
including ventricular septal defects, patent ductus arteriosus, aortic valve abnormali-
ties, endocardial cushion defects, and tetralogy of Fallot. Furthermore, patients with 
complex cyanotic CHD with or without conduit procedures, palliative shunt, patches, 
and prosthetic valves are becoming a large group at risk.

Keywords: congenital heart disease, artificial material, high-velocity jet, cyanotic 
congenital heart disease, palliative operation

1. Introduction

Many of congenital heart diseases (CHD) have become manageable because of 
the progress of medical and surgical approaches and the improvement of prosthetic 
materials over the past few decades. Infective endocarditis (IE) can be a big issue not 
only for the patient after the radical surgery but also after the palliative surgery and 
before any operation. Because most of them have a condition that can predispose 
them to IE, including valve regurgitation, jet flow of intra/extracardiac shunt, and 
prosthetic material. Even though the number of cases of IE in children is small com-
pared to adults, recent reports have pointed out a tendency that the incidence of IE 
among children is increasing due to the improving survival rate of patients with CHD 
[1–3] and more frequent use of implanted prosthetic material [4–7].

2. Epidemiology

Now CHD appears to be the predominant underlying condition for IE, especially in 
children over 2 years old [2, 4] and age of IE gets younger because of early advanced 
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treatment [8, 9]. Pediatric IE related to CHD accounts for 74–88% of the total 
 pediatric IE [10, 11]. Age distribution seems with a peak in infancy during child-
hood [1, 8, 11, 12].

In children with CHD, the cumulative incidence of IE has been estimated at 6.1 
per 1000 patients, and overall incidence rates of IE are 4.1 to 11.13 per 10,000 person-
years [8, 13, 14]. And children with CHD have an estimated 15–140 times higher risk 
of developing IE compared to the general population [10]. The lesion group-specific 
cumulative incidence of IE was reported as follows: cyanotic CHD, 31.0–35.73; 
atrioventricular septal defect, 11.1–27.24; left-sided lesions (e.g., coarctation of the 
aorta, aortic stenosis/insufficiency, mitral stenosis/insufficiency), 7.9–14.3; ventricu-
lar septal defect, 3.2–10.1; right sided-lesion (e.g., Ebstein’s anomaly, tricuspid valve 
disease, anomalous of pulmonary valve/artery), 3.0–4.2; atrial septal defect, 2.8–3.0; 
and patent ductus arteriosus, 1.5–3.2 [8, 13].

IE is a serious problem not only for pediatric CHD but also the adult CHD. An 
increasing number of children reach adulthood because of the improvement in 
medical and surgical procedures. The number of adult CHD patients is now exceed-
ing number of children with CHD, and they are the much more vulnerable to IE due 
to greater cardiac complexity and higher rates of comorbidities compared to a few 
decades ago [3]. The overall incidence of endocarditis in adults with CHD has been 
reported to be 11 per 100 000 person-years, and this incidence is three times higher 
than in children with CHD [15] and which is a considerable increase compared with 
the general population, in which a rate of 1.5 to 6.0 per 100 000 patient-years [15, 16]. 
In general, IE is correlated with age, and patients with CHD have a similar IE inci-
dence as that of 81-year-old control. But by the age of 40–65 years, the IE incidence is 
more than 75–100 times higher in patients with CHD than in controls [17, 18]. And the 
risk of adult CHD was 2.5 times higher in children with CHD [18].

Overall inpatient mortality of IE in patients with CHD is estimated at 5.0–6.7% in 
children [1, 13] and up to 8.8–15% in adults [14, 18], and mortality of IE patients with 
cyanotic CHD is 3.6 times higher than that of the IE patients with non-cyanotic CHD 
[13]. Mortality rate is up to 48% in patients with tetralogy of Fallot and pulmonary 
atresia and 9.9% in patients of tetralogy of Fallot without pulmonary atresia.

3. Risk factors

All vegetations occur in areas where there is a pressure gradient with resulting 
turbulence blood flow [3]. Congenital heart disease with high- velocity jets of blood 
flow and/or artificial material is associated with the highest risk of IE. Any lesion 
associated with turbulence of blood flow, with or without shunting, can be a base-
ment for IE [2]. Certain CHD are still common underlying conditions of IE, includ-
ing ventricular septal defects, patent ductus arteriosus, aortic valve abnormalities, 
endocardial cushion defects, and tetralogy of Fallot [8, 19, 20]. Furthermore, patients 
with complex cyanotic CHD with or without conduit procedures, palliative shunt, 
patches, and prosthetic valves are becoming the large group at risk [2], even though 
mechanisms of cyanosis on the pathogenesis of IE are not clear [9]. On the other 
hand, in secundum atrial septal defect which has no high-velocity jet flow shunting, 
and in mild pulmonic stenosis, endocarditis is not likely to occur [2, 20].

Turbulent blood flow from a high-to low-pressure chamber or across a narrowed 
orifice traumatizes the endothelium. Thrombogenesis can occur on the damaged 
endothelium easily and results in the disposition of sterile clumps of platelets and 
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fibrin and the formation of nonbacterial thrombotic endocarditis [3]. This provides 
an environment to which bacteria can adhere and eventually form infected vegeta-
tion. This endothelial lesion is usually located at the low-pressure end of an abnor-
mality with a large gradient and most vegetations are found on the atrial side of the 
atrioventricular valves and downstream in the descending aorta in coarctation of the 
aorta [3, 21]. An exception is valvular aortic stenosis. The vegetation occurs often on 
the ventricular side of the aortic valve. A possible explanation is that almost all aortic 
valvular stenosis is accompanied by some degree of aortic insufficiency [3]. And an 
aortic regurgitant jet or prolapsing aortic vegetation can affect the anterior mitral 
leaflet causing secondary vegetation [21].

Approximately 50–70% of IE in children with CHD have had previous cardiac sur-
gery, particularly palliative shunt, or complex corrective surgery [3, 4, 13]. Prosthetic 
material with higher surface tension (e.g., polyethylene, terephthalate) exhibits 
higher binding capacity for fibrinogen, a hydrated macromolecule, than material 
with lower surface tension (e.g., fluorocarbon polymers) and is more prone to initiate 
IE [9]. Even though complete repair of CHD with sufficient endothelialization after 
6 months of procedure may eliminate the risk for IE, patients are at high risk before 
complete endothelialization. Patients who had undergone cardiac surgery in the prior 
6 months are more than 5 times more likely to develop IE compared to patients with-
out cardiac surgery [8, 13]. Among the invasive procedure, shunt surgery is associated 
higher risk of developing IE within the 6 months after procedure [13]. In addition, 
postoperative IE is a long-term risk even after corrective surgery, especially in those 
with residual defects, surgical shunt, and other prosthetic material [4, 9].

The progress of transcatheter placement of devices such as septal or vascular 
occluders, vascular occluders, and coils can be another risk factor for IE. Generally, 
IE occurs particularly in the early post-deployment period before endothelialization 
especially within 6 months [4, 13], and it is rare to occur after complete endothelial-
ization. And it is suggested that IE after transcatheter device treatment is related to 
residual defects or shunts after device deployment [22].

Pulmonary valve implantation is often required in patients with CHD, and trans-
catheter pulmonary valve implantation is increasingly being used. Multiple studies 
which analyzed the occurrence of IE in surgically and transcatheter implanted bovine 
jugular vein pulmonary conduits, such as Melody valve stents and Contegra con-
duits, reported an increased incidence of IE compared to other valve types [23–25]. 
Annualized incidence rates of IE in homografts, Contegra and Melody valves were 
0.40%, 0.97%, and 6.96% 1 year and 0.27%, 1.12%, and 2.89% 5 years after valve 
implantation [24]. And a systematic review reported that the median cumulative 
incidence of IE was higher for bovine jugular vein valve compared with other valves 
(5.4% vs. 1.2%) and the incidence of IE was not different between surgical and 
catheter-based valve implantation. They concluded that this result suggested that 
the substrate for future infection is related to the tissue rather than the method of 
implantation [25].

Several predictors for IE in adult CHD patients are identified. Foremost among 
these predictors are recent (<6 months) medical interventions including genito-
urinary, gastrointestinal, and respiratory procedures (Odds Ratio 12.52), recent 
(<6 months) cardiac surgery (OR 9.07), male sex (OR 2.07), and diabetes mellitus 
(OR 1.65) [18]. And previous IE is a substantial risk factor of recurrent IE [9]. 
Regarding CHD lesions, endocardial cushion defect (OR 6.65) and left-sided lesions 
(including aortic coarctation, aortic stenosis/insufficiency, mitral stenosis/insuf-
ficiency) (OR 5.11), cyanotic CHD (OR 4.82), and ventricular septal defect (OR 2.81) 
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are at higher IE risk. Because ventricular septal defect is the most frequent CHD, 
it can be the most frequent CHD-associated IE if unrepaired [9]. And right-sided 
lesions (including Ebstein’s disease, anomalous pulmonary artery/valve, and tricus-
pid valve disease), atrial septal defects, and patent ductus arteriosus are at lowest IE 
risk [18]. Patients palliated by an aortopulmonary shunt, such as Glenn anastomosis 
and Fontan procedure can survive until adulthood recently and can be predicted to 
increasingly contribute to further numbers of IE [9].

4. Clinical findings

Pediatric IE presents non-specific symptoms and it creates a diagnostic challenge 
for clinicians and this is one of the reasons that high mortality of pediatric IE due 
to the failure to effectively- recognized it [10]. The most frequent symptoms and 
clinical signs are the same as IE without CHD, fever (>80%), malaise, fatigue, weight 
loss, arthralgia, headache, chills, and myalgia. Valvular lesions that produce leaflet 
destruction result in regurgitant murmurs, in contrast, the change of the heart mur-
mur may not be recognizable in CHD with high-velocity jet flow shunting. Congestive 
heart failure occurs in up to half of the IE in CHD patients and is the leading cause 
of hemodynamic compromise due to the destruction of affected valves [9]. The 
frequency of cardiac episode-related complications in IE with CHD is equivalent to 
adults with structural heart disease [9]. In patients with cyanotic CHD and who have 
undergone systemic-pulmonary artery shunt, diminution of a continuous murmur 
and declining systemic oxygen saturation may reflect graft infection with obstruction 
of blood flow [2–4]. The endocarditis of patent ductus arteriosus or coarctation of the 
aorta can cause aneurysm formation and may rupture [21].

Even though Roth’s spots, Janeway lesions, Osler nodes, petechiae, Splinter 
hemorrhages, and splenomegaly are considerably less common in children compared 
to adults IE [2–4, 10], extracardiac episode-related complications of IE in CHD are 
frequent (up to 43%) and either caused by embolic events or immune phenomena 
[9]. Extracardiac manifestations of IE including emboli to the abdominal vessels, 
brain, and coronary arteries may produce severe symptoms associated with ischemia 
and/or hemorrhage [2]. Although systemic emboli by bacterial vegetation in the 
right heart rarely occurs because of filtration by the lungs [3], it can occur when the 
patient has right to left shunt such as cyanotic CHD (Figure 1) [21]. Although it is 
not frequent, pulmonary valve involvement can be seen more often in patients with 
in CHD than patients without CHD (Figure 2) [7]. Right-sided IE can cause chest 
pain, pulmonary infarction, pneumonitis, abscess, or asthma-like symptoms related 
to septic pulmonary embolization (Figure 3) [7, 21]. Chest X-ray shows infiltrative 
shadow when emboli to pulmonary arterial branches, and lung perfusion scintigra-
phy can indicate the lack of blood perfusion of this area (Figure 4) helps to differen-
tiate from simple pneumonia.

Considering the results from many reports, vegetation size and location have a 
strong influence on the extracardiac episode-related complications and mortality 
[11, 26–28]. A vegetation size of ≥10 mm for left-sided IE and 20 mm for right-sided 
IE in adult patients is associated with a higher mortality [27–30]. Especially for infants 
or small children, it seems to be more suitable to take into vegetation size relative to 
patient body size [11, 28]. Vegetation size adjusted for body surface area was a signifi-
cant independent predictor of early mortality and overall mortality for left-sided IE in 
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Figure 1. 
Brain CT findings of brain emboli by bacterial vegetation in the right heart in a patient with right to left shunt 
(a, b). Vegetations were detected on the tricuspid valve of a patient with unrepaired single ventricle physiology 
and many bacterial emboli in the lung were detected by chest CT at the same time (c, d).

Figure 2. 
Transthoracic short axis echocardiogram in a patient with ventricular septal defect and two chambered right 
ventricle. Bacterial vegetation adhered to pulmonary valve (white triangle). Ao: Aorta, MPA: main pulmonary 
artery, PAV: pulmonary arteria valve, RVOT: right ventricle outlet tract.
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children and absolute vegetation size was not correlated with any adverse events [11]. 
The relative risk of operative mortality increased by 7% for every 1 mm/m2 increase 
in vegetation size, and the absolute risk of operative mortality increased by 1.1% [11].

5. Microbiology

Blood culture should be indicated for all patients with CHD and/or previous 
cardiac endocarditis when patients have fever of unexplained origin. It is important 
to obtain adequate volumes of blood from patients including children and infants. 

Figure 3. 
Septic pulmonary embolization and pneumonitis in a patient with unrepaired ventricular septal defect. Original 
bacterial vegetation was detected on the pulmonary valve. It disappeared when the patient complained of severe 
chest pain and chest X-ray finding showed infiltration.

Figure 4. 
Emboli to pulmonary arterial branches in a patient with Truncus arteriosus repaired by Rastelli procedure. Chest 
X-ray showed infiltrative shadow (a) and lung perfusion scintigraphy indicated the luck of blood perfusion of this 
area (b). The photo of 2 years before showed no lack of perfusion in the same area (c).
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But it is difficult and unfeasible to obtain the large amounts which are recommended 
for adults. Lesser amounts are optimal [4], for example, 1 to 3 ml in infants and 
young children and 5 to 7 ml in older children [2]. Three blood cultures should be 
obtained separately from different venipuncture sites on the first day, and two more 
blood cultures are recommended if there is no growth by the second day of incubation 
[2, 4]. Three separate blood cultures from venipuncture sites can be undergone over 
a brief period and empiric therapy is started because therapy should not be delayed 
in patients with acute IE [2–4]. If all the blood culture is negative, antibiotics can be 
withheld for >48 hours until further blood cultures are obtained when the patients 
are not severely ill and are clinically stable without signs of altered mental status or 
hemodynamic compromise [4]. Taking a blood culture of arterial blood is not recom-
mended because it is not more useful than venipuncture. It does not increase yield 
over venous blood cultures [4].

Most frequently isolated organisms in IE patients with CHD are Gram-positive 
cocci, including Viridans group streptococci (VGS: e.g., Streptococcus sanguis, 
S mitis group, S mutans), staphylococci (both S aureus and coagulase-negative 
staphylococci (CoNS)), β-hemolytic streptococci, and enterococci [2]. Among them, 
Viridans group streptococci (VGS) are generally the most frequently isolated organ-
isms [4, 9]. Staphylococcus aureus is usually the second most common cause of IE 
but the increasing percentage of Staphylococcus aureus-related IE is pointed out [3] 
and is now the most common cause in some studies [11] and is the most common 
agent of rapidly progressive IE [4]. Coagulase-negative staphylococci (CoNS) is the 
third most common bacterial isolate [11] and is seen more commonly in patients with 
prosthetic valves compared to native valves [9, 11]. The difference in the frequency of 
CoNS infection in pediatric CHD between prosthetic valve IE and native valve IE is 
approximately three times [11]. And this relationship is in accord with reports of IE in 
adult CHD [31]. Enterococcal endocarditis is relatively less common in children than 
in adults. Less frequently, other organisms such as the HACEK group of organisms 
(HACEK: Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, 
Eikenella corrodens, and Kingella species) are implicated [2, 9].

In infants, IE caused by Streptococcal viridans is rare and most cases caused by 
CoNS, fungi, or Staphylococcus aureus [8, 20].

IE associated with implanted prosthetic material frequently is caused by 
Staphylococcus aureus or CoNS. These organisms often are implanted at the time of 
surgery, and infection manifests within 60 days after cardiac surgery, but CoNS infec-
tion may present as late as ≥1 year after surgery [3, 4].

Culture-negative IE is not neglectable problem for patients with CHD. The preva-
lence of culture-negative IE is 5–12% [2, 3, 9]. The most common cause of culture-
negative IE is current/recent antibiotic therapy or infection caused by a fastidious 
organism that grows poorly in vitro [9, 21]. And withdrawing of antibiotics for 
>48 hours should be considered to obtain further blood cultures when the patients are 
not severely ill [4].

6. Diagnostic imaging

Echocardiography is mandatory on any patient with suspicious of IE. In most 
pediatric cases, transthoracic echocardiography (TTE) is adequate for initial exami-
nation [32] because high-quality images can generally be obtained compared to adults 
and TTE is more sensitive in the pediatric patients than in adult patients for detection 



Endocarditis – Diagnosis and Treatment

82

of vegetation [2]. And in young children and infants, transesophageal echocardiog-
raphy (TEE) can be difficult to be undergone without general anesthesia. TEE should 
be considered if transthoracic windows are poor with difficulty to gain the complete 
visualization of higher-risk structures because of a prominent lung artifact, pros-
thetic valve, or material that is positioned behind the sternum or other location not 
well-visualized by transthoracic images [2–4, 32]. TEE should be undergone without 
delay if the IE was highly suspected and abnormal findings were not detected by 
transthoracic echocardiography [32]. The absence of vegetations on echocardiogra-
phy does not deny the presence of IE including the finding by TEE [2, 33]. There is a 
very important consideration in patients with both of repaired and unrepaired CHD, 
who can have vegetations located in areas not readily visible even though by TEE (e.g., 
Blalock-Taussig shunt) [2, 33]. And it is revealed that IE among the patients with 
CHD are less likely to have visible vegetations irrespective of whether TTE or TEE 
is used [21]. On the other hand, echogenic masses can represent a sterile thrombus, 
sterile prosthetic materials, or normal anatomic variation rather than an infected 
vegetation [2].

When diagnosing endomyocardial damage using echocardiography is challenging 
especially in patients with prosthetic materials, cardiac computed tomography (CT) 
is a significant alternative method for diagnosis of IE [34]. Cardiac CT functions at 
a high specificity in IE of prosthetic valve and other prosthetic materials including 
shunts and conduits [35]. Cardiac CT is also useful to identify extra-cardiac features 
related to IE such as septic emboli (Figure 5) [36].

18F-fluorodeoxyglucose positron emission tomography/CT (18F-FDG PET/CT) 
is a molecular functional imaging technique and an emerging technology being used 
to diagnose endomyocardial damage. 18F-FDG PET/CT detects inflammation in the 
heart, especially around prosthetic materials and systemic inflammatory lesions 
caused by septic embolisms [10, 34, 37]. Although the diagnostic capability of 18F-
FDG PET/CT is limited by low sensitivity in patients with native valve endocarditis 
probably due to its low sensitivity for detecting highly mobile small vegetations, 18F-
FDG PET/CT is useful for diagnosing prosthetic valve endocarditis and perivalvular 
abscesses not only in left-sided IE but also in right-sided IE. Therefore, in patients 
with CHD and prosthetic materials and who are clinically suspected of IE, 18F-FDG 
PET/CT may be incorporated in the initial workup to increase the diagnostic sensitiv-
ity [34, 37].

7. Treatment

In general, the strategy of treatment of IE associated with CHD is comparable 
to that with IE not associated with CHD and antibiotic therapy is the mainstay of 
therapy. Guidelines for antibiotic therapy of IE have been published by the American 
Heart Association (AHA) and the European Society of Cardiology (ESC) [38, 39]. 
A prolonged course of therapy (at least 2 weeks and often 4 to 8 weeks) is necessary 
because infecting organisms are embedded within the fibrin-platelet matrix and exist 
in remarkably high concentrations with relatively low rates of bacterial metabolism 
and cell division, which results in decreased susceptibility of β-lactam and other cell 
wall-active antibiotics [2, 3, 9]. And cure of IE requires sterilizing vegetations [3, 9]. 
Bactericidal rather than bacteriostatic antibiotics must be administrated in high 
dosages whenever possible to decrease the possibility of treatment failures or relapses 
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of IE [2, 3, 9]. Intravenous therapy is much preferable to oral to achieve higher serum 
antibiotics level. The course of antibiotic therapy varies based on the pathogen and 
the sites involved in the primary infection and any potential embolic sites [32]. 
Prosthetic material related IE and Staphylococcal IE are well known as complicated 
condition and recommended to be treated for longer period at least 4 to 6 weeks. 
Bacteremia generally resolves within several days after initiation of the appropri-
ate antibiotics with enough dosages [2, 9]. 75% of patients become afebrile during 
first week and 95% during second week of appropriate antibiotic therapy. Work up 
to detect pathogen must be repeated when fever persists beyond this period, even 
though drug fever as a side effect of antibiotics must be considered [9]. Blood cultures 
should be performed at the end of the treatment and 4 weeks after completion of 
antibiotic therapy to check the relapse of infection [3, 9].

Fungal IE remains difficult to treat and mortality is up to 20 to 50% [3]. Even after 
combined intravenous antifungal management and surgical therapy, an on-going 
long-term antifungal therapy is often necessary to prevent a relapse of IE [9].

Figure 5. 
Emboli of abdominal aorta by infective vegetation in a patient with tetralogy of Fallot with pulmonary atresia 
(white triangle). Poor blood circulation on the lower extremities was detected, and CT findings revealed 
obstructed descending aorta. Original fungal vegetation was located on the right atrium.
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8. Surgery

Cardiac surgery is performed in approximately 16–20% of in IE patients with 
CHD [1, 9]. The three main indications of early surgery for IE are heart failure, 
prevention of embolic events and uncontrolled infection [39]. But the ideal tim-
ing for surgery is controversial subject in both of pediatric and adult IE related to 
CHD [9]. There is no indication of the surgical management only for IE in CHD 
patients and it is an extension of guideline for usual adult IE patients [4]. Surgery is 
considered for IE related to CHD with persistent bacteremia despite antimicrobial 
treatments, large mobile vegetations, prosthetic valves, prolonged clinical symp-
toms lasting more than 3 months, myocardial abscess formation with suspicions of 
atrioventricular block, mycotic aneurysms (Figure 6), previous IE, Staphylococcus 
aureus IE, left-sided IE, presence of systemic-to-pulmonary shunts, cyanotic CHD, 
and fungal IE [3, 4, 9]. The preventive operation for primary embolic events remains 
controversial because conflicting data on potential predictor of embolization were 
shown [26, 40]. Prediction of the embolic events remains difficult even in the adult IE 
[39]. An ‘embolic risk calculator’ were created to assess the embolic risk and evaluate 
the necessity of a surgery using six factors (age, diabetes, atrial fibrillation, previ-
ous embolism, vegetation length, and S. aureus infection) which associated with 
increased risk [41], but it is not suitable for pediatric patients. The highest risk of new 
embolism is seen during the first 2 weeks, especially first few days following initia-
tion of antibiotic therapy and the risk rapidly decreases [42, 43]. For this reason, the 
benefit of surgery to prevent embolic events are greatest during the first 2 weeks of 
antibiotic therapy [39].

Figure 6. 
A mycotic aneurysm in a patient with repaired tetralogy of Fallot (white triangle). A vegetation was detected on 
the mitral valve.
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The overall operative mortality is reported as 5.8–15% in pediatric IE and 16.4% 
among adults [11, 12, 44]. Younger age, prosthetic valve IE, infection with Coagulase-
negative staphylococci, increased duration of preoperative antibiotic therapy, shock, 
and the need for aortic valve replacement were all independently associated with 
mortality in multivariable analysis [11].

9. Prophylactic management

Medical procedures, including dental care, cardiac surgery, catheter interventions, 
and other non-cardiac invasive procedures are potential causes of bacteremia in 
up to 46%, 18%, 20%, and 20% of IE patients with CHD [9]. And IE can often be 
prevented by definitive repair of CHD or by reduction of bacteremia [3]. But in 2007, 
AHA revised the recommendation of antibiotics prophylactic guidelines to restrict 
preprocedural antibiotics to a few cardiac conditions that remain at higher risk for 
adverse outcomes related to IE [45]. And the guidelines on IE prophylaxis from 
international cardiology societies in 2008/2009 were greatly simplified and resulted 
in a drastic reduction in and limitation of cardiac diseases and procedures in which 
IE prophylaxis is indicated [46]. AHA guideline defines these specific cardiac condi-
tions as follows: Prosthetic cardiac valve or prosthetic material used for cardiac valve 
repair, previous IE, unrepaired CHD with/without palliative shunts and conduits, 
completely repaired CHD with prosthetic material or device whether implanted by 
surgery or catheter intervention during first 6 months after the procedure, repaired 
CHD with residual defects at the site or adjacent to the site of a prosthetic patch or 
prosthetic device [45]. And ESC guidelines recommended IE prophylaxis for the 
patients with untreated cyanotic CHD and those with CHD who have postoperative 
palliative shunts, conduits, or other prostheses. After surgical repair with no residual 
defects, the Task Force recommends prophylaxis for the first 6 months after the 
procedure until endothelialization of the prosthetic material has occurred [39]. But 
according to the study among pediatric cardiologists, more than half of the partici-
pants (56%) do not follow the current guidelines in certain conditions such as rheu-
matic heart disease, Fontan palliation without fenestration, and the Ross procedure 
[47]. There has never been a randomized, prospective study in patients with CHD to 
determine whether prophylactic antibiotics provide protection against.

IE during bacteremia-inducing procedures [3]. Given the prognosis, morbidity, 
and excessive cost of management of IE, appropriate prophylactic strategy for pre-
vention of IE related to CHD should be established based on much more robust data 
and substantial evidence. And it is emphasized that good oral hygiene, prevention of 
oral disease, and skin hygiene are principal factor to prevent IE [3, 4, 32].
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Abstract

Infective endocarditis carries a heavy disease burden with a high in-patient 
 mortality. Surgery is the mainstay of treatment in 50% of patients diagnosed with 
infective endocarditis. Surgery for infective endocarditis can be challenging; a 
detailed understanding of surgical anatomy is essential and several fundamental 
principles need to be taken into consideration including optimal timing, radical 
debridement, decision to repair versus replace as well as the optimal choice for recon-
struction. Outcomes of surgery depend on several factors including patient character-
istics, the valve (s) involved, the virulence of the organism, and the extent of invasion 
of the infective process. Despite recent advances in treatment and improved out-
comes, there remains areas for potential research including the ideal valve prosthesis/
substitute and the optimal material for reconstruction. In this chapter, we will discuss 
the technical challenges and pitfalls in the surgical treatment of infective endocardi-
tis, the predictors of outcome as well as novel strategies in treatment.

Keywords: endocarditis, prosthesis, surgery, repair, reconstruction

1. Introduction

The incidence of infective endocarditis is approximately 3–10 cases per 100, 000 
per year and is more common in males and in the elderly. It is associated with a heavy 
disease burden with an in-hospital mortality ranging from 20 to 30% [1]. In native 
valve endocarditis (NVE), left sided heart valves are more commonly affected with 
right sided involvement in 5–10% of patients [2]. Surgery remains the mainstay of 
treatment in 50% of patients diagnosed with infective endocarditis.

2. Classification

Infective endocarditis can be classified into four groups: (1) Native valve 
 endocarditis (NVE) (2) Prosthetic valve endocarditis (PVE) (3) Intravenous drug 
abuse (IVDA) infective endocarditis and (4) nosocomial infective endocarditis. The 
microbiology varies depending on the type of endocarditis. In community acquired 
IE, the most prevalent organism is Streptococcus viridians, whereas nosocomial 
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IE is more commonly caused by Staphylococcus Aureus. Native valve endocarditis of 
the tricuspid valve is predominantly seen in cases of IVDA with the main organism 
being Staphylococcus Aureus [2, 3]. Prosthetic valve endocarditis (PVE) cases that 
occur within the first year after surgery are considered early and cases that occur 
after 1 year are termed late. The offending organism in early PVE is commonly 
Staphylococcus Epidermis and Staphylococcus Aureus. Microbiology in late PVE is 
similar to native IE with Streptococcus viridians and Staphylococcus Aureus being the 
prevalent organism. Infective endocarditis can be further classified temporally with 
acute endocarditis being caused by more virulent organisms such as Staphylococcus 
Aureus and presenting with severe sepsis and rapid destruction of the valve and sur-
rounding structures. Subacute endocarditis is caused by less virulent organisms such 
as viridians group Streptococcus and has a more indolent nature with a prolonged 
clinical course.

3. Pathophysiology of infective endocarditis

Infective endocarditis results from (1) Disruption of the valvular endocardial 
 surface resulting in turbulent flow and (2) Adherence of blood bourne micro-organisms 
typically bacteria to the damaged endocardial surface. Endocardial damage occurs in 
degenerative calcific disease, rheumatic heart disease, congenital heart disease and 
from iatrogenic causes such as cardiac catheterization. Common causes of bacter-
aemia include intravenous drug abuse, long term indwelling catheters and invasive 
medical procedures. Complications of infective endocarditis can be from embolic 
phenomena including a stroke, kidney and splenic infarcts or due to direct invasion 
of surrounding structures resulting in problems such as paravalvular abscesses, 
conduction system pathology and fistulae.

4. Diagnosis, initial treatment and indications for surgery

The diagnosis of infective endocarditis is made with the modified Duke criteria 
[4]. A high index of suspicion is needed in cases where cultures are negative. This 
can occur in up to 2–7% of cases [5, 6] and is most commonly caused by premature 
administration of antimicrobial therapy prior to taking blood cultures, and infec-
tion with fastidious bacteria or fungi. Once blood cultures have been taken, the first 
line of treatment is aggressive broad spectrum antibiotics administered empirically, 
followed by surveillance blood cultures and serial transthoracic echocardiograms. 
In the recently published Partial Oral Treatment of Endocarditis (POET) trial [7], it 
was demonstrated that in patients with left-sided infective endocarditis from certain 
specified organisms, partial oral antibiotic treatment after initial intravenous treat-
ment was non-inferior to treatment with only intravenous antibiotics. This study 
however has several limitations with regards to the generalisability of the findings to 
the general population. Firstly, only patients with left sided endocarditis caused by 
strep species, E. faecalis, S. aureus or coag-neg staph were included. These organisms 
represent 70–75% of all cases of infective endocarditis. Patients with Methicillin 
resistant Staph aureus (MRSA) endocarditis were not included and there were very 
few intravenous drug users in the study. Highly compliant patients were selected 
and in the outpatient oral antibiotic therapy group, patients were followed up 2 to 3 
times per week and this may not reflect real world clinical practice. From a surgical 
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perspective, there is a risk that in patients on oral antibiotic therapy being followed up 
in the community, the sequelae of the disease process which may necessitate surgery 
may be missed, leading to a higher morbidity and mortality. An inpatient setting may 
allow more active surveillance of the patients with serial transthoracic echocardio-
grams and blood tests.

The indications for surgery are in line with the American College of Cardiology 
(ACC)/American Heart Association (AHA) or European Society of Cardiology (ESC) 
guidelines [8, 9]. In general, surgery is indicated when there is heart failure, worsen-
ing sepsis despite optimal antimicrobial therapy, a high embolic risk associated with 
large, mobile vegetations, perivalvular abscess, and virulent causative organisms such 
as S. Aureus and fungal endocarditis. Prosthetic valve endocarditis usually requires 
surgical treatment.

5. Pre-operative investigations

The first line of investigation in infective endocarditis is transthoracic 
 echocardiogram (TTE) which has a sensitivity of approximately 25% in cases where 
the vegetation size is less than 5 mm and 70% where the vegetation size is 6-10 mm. 
Trans-oesophageal echocardiography (TOE) has a sensitivity and specificity of 95 
and 90%, respectively [10]. TOE is the preferred investigation in cases of prosthetic 
valve endocarditis and where intracardiac complications such as abscesses and fistu-
lae are suspected. At our institution, we perform a Positron Emission Tomography/
Computed Tomography (PET-CT) when there is diagnostic difficulty in cases of 
prosthetic valve endocarditis. When there is suspected embolic phenomena in the 
visceral organs, a CT Abdomen/Pelvis should be performed. When there is evidence 
of neurological complications, a CT and/or MRI brain is needed to detect embolic 
infarcts or less often a haemorrhage. Haemorrhages are associated with a higher 
likelihood of mycotic aneurysms and further evaluation is needed if this is suspected. 
In non-emergency cases, patients above 40 years of age with cardiovascular risk 
factors should have coronary angiography to exclude coronary artery disease. If there 
is a large aortic valve vegetation, however this should be avoided as there is a risk of 
dislodging the debris. An alternative is CT Coronary angiography; however both these 
investigations are associated with contrast related renal toxicity and the risks have to 
be evaluated.

6. Surgical principles

In general, patients undergoing urgent or emergency surgery for IE tend to be 
unwell, septic, coagulopathic and fluid overloaded. Pre-operatively it is essential to 
have blood products including platelets, fresh frozen plasma, cryoprecipitate and anti-
fibrinolytic agents (especially in reoperations) available. In addition, intra-operative 
TOE is important in all cases of IE. Fluid overload can be addressed intraoperatively by 
filtration on cardiopulmonary bypass. Good exposure of the operative field is needed 
and we recommend a full median sternotomy in all cases. Due to many patients being 
in heart failure and the potential for operations to be complex and lengthy, careful 
attention needs to be given to myocardial protection. In addition to routine antegrade 
cardioplegia, in cases of severe aortic regurgitation and large aortic valve vegetations 
which may obstruct the coronary ostia, we administer retrograde cardioplegia.  
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There are also several specific fundamental principles in infective endocarditis sur-
gery, which include: (1) Optimal timing, (2) Radical debridement, (3) Repair versus 
replacement strategy, (4) Optimal choice of prosthesis/material for reconstruction and 
5) Avoidance of contamination of the surgical field.

6.1 Optimal timing

Optimal timing of surgery for infective endocarditis remains a challenging  decision 
for cardiac surgeons. The benefits of delaying surgery to allow adequate antibiotic 
therapy and time for optimising the patients’ needs to be balanced with the risks of 
further haemodynamic deterioration and septic emboli during the waiting period. In 
general, once any of the indication for surgery outlined above are presented, early sur-
gery is recommended [11]. An exception to this is if there any neurological complica-
tions. Ischaemic embolic events are more common in haemorrhagic strokes, with north 
associated with a high morbidity and mortality [12, 13]. In ischaemic strokes, there is 
a risk of haemorrhagic conversion with systemic heparinization and cardiopulmonary 
bypass. It is recommended that in cases of ischaemic stroke and haemorrhagic stroke, 
surgery should be delayed for 2 weeks and 4 weeks respectively. Ultimately, clinical 
judgement should be exercised in each case for the optimal timing of surgery.

6.2 Radical debridement

It is imperative to ensure radical debridement of all infected and necrotic tissue 
prior to reconstruction to minimise the risk of recurrence. A thorough knowledge 
of surgical anatomy, especially with regards to the aortic root, the left ventricular 
outflow tract, intra-ventricular septum and the aorto-mitral continuity is needed to 
perform a safe and adequate debridement followed by reconstruction.

6.3 Repair versus replacement strategy

In clinical practice, most patients with infective endocarditis undergo valve 
replacement. A repair strategy is recommended if possible after the primary goal of 
radical debridement is achieved and there is adequate tissue remaining. This is usu-
ally more commonly the case in mitral valve endocarditis. A repair strategy avoids 
the need for long-term anticoagulation when compared to mechanical valves, limits 
the amount of prosthetic material and hence recurrence and it is also well estab-
lished in the mitral position that repair offers better long term survival compared to 
replacement [14].

6.4 Choice of prosthesis/material for reconstruction

The choice of prosthesis should be in line with current guidelines depending on 
the patients age, comorbidities, compliance and presence of any contra-indications to 
anticoagulation. There is no evidence the suggest any difference in outcomes between 
biological and mechanical valve prostheses in the setting of active infective endocar-
ditis [15, 16]. If there is limited valve leaflet/annular destruction, autologous pericar-
dial patches can be used. In cases of more extensive destruction, a bovine pericardial 
patch can be used. If there is significant aortic root destruction, an aortic homograft 
can be used for reconstruction. We will discuss these options in further detail in the 
following sections.
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6.5 Avoidance of contamination of the surgical field

Once debridement has been completed, it is important to ensure that there 
is  minimal further contamination of the surgical field prior to reconstruction. 
Instruments used for debridement, drapes, suction and surgical gloves should be 
changed before proceeding.

7. Native valve endocarditis

7.1 Aortic valve

In native aortic valve endocarditis, direct local complications include destruction 
of the aortic annulus, formation of annular abscesses, conduction tissue pathology, 
and fistulae. Intra-operatively, we avoid manipulation of the heart prior to applying 
the aortic cross clamp and arresting the heart to avoid the risk of the aortic vegeta-
tions dislodging. A transverse autotomy is performed to expose the aortic valve.  
If there is annular destruction towards the aorto-mitral continuity an oblique aor-
totomy towards the middle of the non-coronary cusp can be performed.

If there is a small area of leaflet perforation, the valve can be repaired using 
autologous pericardium. In most cases the valve is excised and if the annulus is 
involved, complete debridement of the infected tissue is needed. The defect is then 
reconstructed prior to implantation of the prosthetic valve. If the defect is small, 
autologous pericardium is used and for larger defects bovine pericardium is an 
alternative. If there is significant destruction of the annulus with discontinuity of the 
ventriculo-aortic junction, an reconstruction with an aortic homograft is the treat-
ment of choice [17, 18]. The size of the the homograft is usually 2-3 mm less than the 
diameter of the native annulus. In cases where the aorto-mitral continuity is involved, 
the anterior leaflet of the mitral valve from the homograft can be used for reconstruc-
tion of the disruption. The use of freestyle aortic root replacements [19] and the 
Ross procedure [20] has also been reported in younger patients in extensive infective 
endocarditis of the aortic root.

7.2 Mitral valve

In native mitral valve endocarditis, the most common site of vegetations is on the 
leaflets near the annulus on the atrial side. They can however involve any part of the 
mitral valve apparatus. In severe cases, there is destruction of the atrioventricular 
junction with abscess formation. In our standard practice, we perform a median 
sternotomy, institute bi-caval cannulation and approach the mitral valve either via 
Sondergaard’s groove or a trans-septal approach. If there is limited involvement 
of the leaflet tissue, repair can be attempted after debridement. Perforations of 
the anterior and posterior leaflets can be repaired using an autologous pericardial 
patch. A frequently involved region is the P2 region of the posterior leaflet. Standard 
principles of mitral valve repair apply when approaching repair in the setting of 
infective endocarditis. A triangular resection followed by closure is performed or if 
a wider region of P2 is involved a quadrangular resection followed by a slideplasty of 
the remaining tissue. An annuloplasty ring is then secured. Whenever possible we try 
to avoid added prosthetic material such as neochordae when attempting repair. More 
often, there is limited native tissue post debridement and we proceed to mitral valve 
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replacement. In more severe cases where there is annular destruction, the annulus has 
to be reconstructed. There are two approaches to annular reconstruction described by 
Carpentier and David.

In technique described by Carpentier [21], figure of eight sutures are applied 
directly to approximate the separation of the atrioventricular groove. Valve sutures 
with a large needle are then placed around this suture line. This technique is not com-
monly used and is reserved only in cases of very narrow atrioventricular defects. In 
the more commonly used technique described by David [22], a semi-circular peri-
cardial patch is fashioned with one end secured to the endocardium of the ventricle 
and the other end to the left atrium. The patch should be larger than the defect size to 
avoid any tension. The mitral valve prosthesis is then secured with pledgeted sutures 
with part of it anchored onto the patch.

7.3 Tricuspid valve

Our approach to the tricuspid valve is via median sternotomy and bicaval 
 cannulation with snaring of the cavae. Most surgeons at our institution arrest the 
heart to perform the operation. The advantage of this is a bloodless field as well as 
the aorta being collapsed and the aortic valve leaflets less prone to injury during the 
tricuspid valve procedure. In very sick patients however, the procedure can be done 
on a beating heart, with the additional advantage of observing any conduction defects 
during the operation.

In native tricuspid valve endocarditis there are three options for treatment: 
(1) Valvectomy, (2) Repair/Reconstruction and (3) Replacement.

When there is severe involvement of the leaflets, complete excision of the tri-
cuspid valve can be performed and a second stage procedure can be done following 
aggressive antiobiotic therapy and treating the drug dependence of the patient. This 
can only be done if the pulmonary pressures are not high [23]. In practice however 
this is seldom done, and 20% of patient will develop right heart failure [24, 25]. 
When there is limited infection, there are several repair/reconstructive options. These 
include the use of pericardial patches, excision of the posterior leaflet and biscus-
pidization of the tricuspid valve, slideplasty and the use of neochordae [26, 27]. The 
reconstruction can be reinforced with an annuloplasty ring.

Several studies have shown no difference between biological and mechanical 
valves in the tricuspid position [28, 29]. Biological valves in the tricuspid position 
have also demonstrated longer durability compared those in the mitral position [30]. 
In addition, mechanical valves in the tricuspid position require higher INR values. For 
these reasons, in our clinical practice we use a mitral bioprosthesis for tricuspid valve 
replacement (TVR). Following TVR, we secure permanent epicardial pacing leads.

8. Prosthetic valve endocarditis

Prosthetic valve endocarditis (PVE) is more common in the aortic than in the 
mitral position due to more mitral valve repair cases and less prosthetic material. 
PVE is classified as early if it occurs within 1 year post-operatively and late if it 
occurs after that. The incidence of early PVE is 1% per year [31]. Early PVE is associ-
ated with intra-operative contamination. Risk factors include native valve endo-
carditis, longer cardiopulmonary bypass times, and long term indwelling lines and 
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catheters. The incidence of late PVE is 0.5 to 1% per year [32, 33]. Late PVE is usually 
attributed to hospital-acquired infections and is seen in patients with long-term 
comorbidities who require frequent admissions for procedures such as haemodialysis 
and also in patients who are immunosuppressed. In earlyPVE, the interface between 
the sewing ring and annulus is usually involved resulting in valve dehiscence and a 
para-valvular leak. Compared to native valve endocarditis (NVE), PVE more com-
monly results in abscess formation involving the intraventricular septum causing 
conduction blocks, as well as development pseudoaneurysms. The treatment of PVE 
is more aggressive and surgery is usually the definitive treatment for PVE. In severe 
cases, PVE may extend into intervalvlular fibrosa and require replacement of both 
aortic and mitral valves. This is less common in native valve endocarditis. In these 
cases, an extended transseptal approach can be performed for improved exposure to 
both valves. A bovine pericardial patch can be used to reconstruct the intervalvular 
fibrosa. The mitral valve is secured to the annulus posteriorly, medially and later-
ally. The superior part of the mitral sewing ring is secured to the patch which can 
also be used to cover the left atrium. Once the mitral valve prosthesis is secured, the 
aortic valve prosthesis is then secured partly to the healthy annulus and to the patch. 
Attention must be given to the angle between the aortic and mitral valve prostheses 
to be similar to the normal aorto-mitral angle. As mentioned previously, an aortic 
homograft can also be used. The aorto-mitral curtain of the homograft can be used 
to reconstruct the native anterior mitral valve leaflet. If there is extensive damage to 
the native mitral valve, the mitral valve prosthesis can be secured to the intervalvular 
fibrosa of the homograft [17, 18].

9. Results

The results of surgery for infective endocarditis depend on several factors 
 including patient charactersitics, the valve(s) involved, the virulence of the organism, 
the extent of invasion of the infective process. Generally, prosthetic valve endocar-
ditis has a worse prognosis than native valve endocarditis [34, 35] and nosocomial 
infections are also associated with a poorer outcome compared to community-
acquired infections [36]. In cases of isolated simple native aortic valve endocarditis, 
the operative mortality is less than 10% whereas more complex cases and prosthetic 
valve endocarditis is associated with a higher mortality [37–39]. Recent advances 
in operative techniques have however yielded excellent results with comparable 
outcomes in native versus prosthetic valve endocarditis as well as simple endocarditis 
compared to more invasive disease [40].

Overall, the results for mitral valve endocarditis tends to be worse compared to 
aortic valve endocarditis, and this is especially the case in more invasive disease. This 
is likely explained by the fact that it is more difficult to debride and drain the the 
atrioventricular groove [22]. In addition, there is currently no equivalent to the aortic 
homograft in the mitral position as a viable reconstructive option [41].

Mitral valve repair has shown excellent results when compared to mitral valve 
replacement in IE with lower in-hospital mortality as well as better overall and infec-
tion free survival [42]. This can be attributed to the fact that patients in whom mitral 
valve repair is feasible tend to have less invasive disease and are generally systemically 
better, there is less prosthetic material used, and left ventricular function is preserved 
with mitral valve repair.
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Native tricuspid valve repair and replacement have excellent results, with repair 
recommended whenever feasible [28, 43]. The outcome is also dependent on patient 
rehabilitation and avoidance of drug dependence.

Concomitant aortic and mitral valve endocarditis is associated with a worse progno-
sis when compared to single valve endocarditis [40]. Similarly, concomitant right and 
left sided endocarditis has a worse outcome than isolated right sided endocarditis [44].

Overall the long term survival following surgery for endocarditis is reported as 
between 50 and 60% at 15 years. There is also no difference in survival or recurrence 
rates between bioprosthetic and mechanical valves [16, 34].

10. Further development

Despite the recent advances in the treatment of infective endocarditis, there 
remains challenges including optimal penetration of antibiotic therapy, and the 
ideal material or prosthesis for reconstruction. Several novel approaches have been 
described in pre-clinical models to tackle the problem of biofilm formation in infec-
tive endocarditis. These include non-antibiotic strategies such as the administration 
of anti-thrombotic agents, hyperbaric oxygen therapy, and agents which potentially 
disrupt the gene regulation of bacteria during biofilm formation [45]. The use of 
novel extra-cellular matrix patches for mitral valve as well as tricuspid valve recon-
struction has also been reported [46, 47]. Allograft mitral valve replacement has 
also been reported in severe aortic and mitral valve endocarditis as well as in isolated 
tricuspid valve endocarditis [41, 48, 49]. Another area of ongoing research is the 
development of bioengineered valves as a viable prosthesis in the setting of infective 
endocarditis with the potential of avoiding biofilm formation and recurrence of infec-
tion and long term durability [50].

11. Conclusions

The surgical treatment of infective endocarditis can be challenging. A thorough 
understanding of surgical anatomy is essential and several fundamental principles 
should be taken into consideration including optimal timing, radical debridement, 
decision to repair versus replace as well as the optimal choice for reconstruction. The 
results for infective endocarditis have improved with reports of similar outcomes 
between simple and more invasive endocarditis. There are potential areas for further 
research including developing the ideal prosthesis/substitute as well as the optimal 
material for reconstruction.
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